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INTRODUCTION

The development and exploitation of animal
models of acquired immunodeficiency syn-
drome (AIDS) in human is an absolute neces-
sity when we are to better understand the
pathogenesis induced by the retrovirus, de-
velop and test vaccine candidates [1], and test
possible therapies involving variety of antiviral

-19-

drugs or modifiers of immune activity as cy-
tokines, especially in combination. There are
animals manifesting immunosuppressive
disease symptoms comparable to human AIDS
with various degree through infection with
their species-specific retroviruses. Whilst those
retroviral infections and disease progress with
their natural hosts have provided only limited
information in studying human AIDS [2], ex-

perimental infections of rhesus macaques by



molecularly cloned simian immunodeficiency
virus (SIVmac239) tumed out to be highly
promising which most closely approximates in-
fection of humans with human immunodeficiency
virus (HIV) [3, 4]. Desrosiers and his col-
leagues [5] established persistent viremia in ex-
perimentally infected macaques by the virus
from the SIV molecular clone, STVmac239, at
the New England Regional Primate Research
Center (NERPRC), and demonstrated possible
attenuation of the genetically engineered SIV,
at least in adult macaques, by the removal of
'nef' sequences [6, 7, 8].

Currently, most of rhesus macaques used for
human AIDS research have been bred as cap-
tive colonies in regional research centers from
the wild Asian macaques. Several type D simi-
an retroviruses (SRV) are indigenous in feral
macaques in India and Indonesia and so in cap-
tive macaques of various U.S. primate center
and other research facilities [9]. SRV transmis-
sion, under natural conditions, is mainly medi-
ated by the parenteral inoculation of saliva dur-
ing habitual contact with their offspring but
vertical or sexual transmission rarely occurs
[10]. Experimental infections by intravenous (i.
v.) inoculation of blood, plasma, spinal fluid,
cell-free tissue extracts, or culture fluids are
readily reproducible. Broad cell tropism of the
SRV including macaque T and B lymphocytes,
fibroblasts, and epithelial cells in salivary
glands, pancreas, choroid plexus, the skin, oral
mucosa, and upper and lower gastrointestinal
tract has been demonstrated in vitro as well as
in vivo [11]. SRV infection, in vivo, causes a
severe depletion of both T and B lymphocytes
followed by profound immunosuppression
which may be fatal with opportunistic in-
fections [12, 13]. Asymptomatic infection of
the central nervous system at the end-stage of
the SRV serotype 1 (SRV-1) and the charac-
teristic fibromatosis formation by the SRV
serotype 2 (SRV-2) infections has been des-
cribed in macaques. Indistinguishable clinical
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end-results and its pathobiology by the SRV
infection from simian model study of human
AIDS by the SIV infection in macaques pro-
duce serious complications in interpretations
of experimental data. Therefore, application of
serologic and virologic tests to identify SRV-
infected animals has been carried out prior to
animal usage. The tests include enzyme-linked
immunosorbent assay (ELISA), immunoblot,
indirect immunofluorescent assay, and ra-
dioimmunoprecipitation assay (RIPA) for
serum antibody screening, and infectious virus
isolation from blood cell culture which should
be the most confirmative [14, 15]. Serum-bas-
ed tests, however, are frequently complicated
by the fact that animals may be antibody po-
sitive while virus culture is negative, or cul-
ture positive without detectable antibody, thus
necessitating multiple testing procedures [14,
16, 17]. Furthermore, a 2.5-year epidemiolgical
study of a breeding group of rhesus macaques
demonstrated that seroconversion was a poor
indicator of infection rate, as approximately
50% of virus-positive juvenile monkeys had
no antibody detectable by ELISA [17]. Select-
ed regional primate research centers and other
laboratories developed a polymerase chain
reaction (PCR)-based test for detection of
SRV infection of experimental animals for
each serotypes recently [18, 19]. Although the
present PCR test by specific amplification of
integrated proviral DNA has been proven to
be very confirmative without compromising its
characteristic sensitivity, experimenters have to
perform multiple PCR in order to identify
each serotypes of SRV. Thus far, five distinct
neutralization serotypes of this virus (SRV-1
to SRV-5) have been isolated from various
species of macaques [2]. Three of these (SRV-
1, -2, and -3) have been molecularly cloned
and sequenced, and show envelop variation up
to 40% [20]. Simian AIDS (SAIDS) has been
induced by a molecular clone of SRV-1 [21].
The SRV-2 at the Oregon and Washington re-



gional primate research centers appears as-
sociated with retroperitoneal and subcutaneous
fibromatosis in addition to SAIDS [22]. The
prototype virus in this subfamily is the Mason-
Pfizer monkey virus (MPMV), classified as
SRV serotype 3, which was shown to be im-
munosuppressive and not oncogenic [2]. Sero-
type 4 and 5 have not been problematic in cap-
tive macaques at the present.

In this report, a novel PCR method using
only a pair of primers is described in order to
identify all three type D simian retroviruses aft-
er single round of reaction by amplification of
proviral DNA integrated in host chromosome.
Based on preliminary studies performed on
samples from animals of known infection
status [6], this PCR was proved to be con-
firmative and more sensitive than virus iso-
lation for the detection of SRVs, while re-
quiring only one-sixth the time. This technique
will greatly enhance the efficiency of SRV di-
agnostics, and this technology into testing al-
gorithms will be discussed.

MATERIALS AND METHODS
Cell lines

The cell lines used to evaluate the SRV
PCR primer pair included three Rajis stably in-
fected with each serotypes of SRV (R20216
for SRV-1, R10876 for SRV-2, and R23200
for SRV-3) and an uninfected Raji. Es-
tablished human T cell line CEMx174 free
from any known retrovirus infection was used
to provide cellular DNA in order to adjust sub-
stratt DNA amount in the plasmid titration
PCR for sensitivity tests.

Peripheral blood mononuclear cells

(PBMC)

Chromosomal DNA of PBMCs from an-
imals infected with simian retroviruses other
than SRV were used to ensure the specificity
of the primer pair and amplification reaction.
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Heparinized peripheral blood samples of SIV
seropositive female rhesus macaque E968 in-
fected with SIVmac239 through i.v. injection,
and of seropositive rhesus macaque neonate
93-7 infected with SIVmac239 through oral
mucosa were obtained from TSI Mason La-
boratory (Worcester, MA). Simian T lym-
photropic virus type 1 (STLV-1)-positive and
STLV-I-negative baboon PBMCs were gen-
erously gifted by Dr. Jonathan Allan at the
Southwest Foundation for Animal Research
(San Antonio, TX). Approximately 10 ml (E
968), or 2 ml (93-7) of heparinized peripheral
blood were separated through a Ficoll-Hy-
paque gradient. PBMCs were resuspended in
RPMI-1640 supplemented with 15% FBS, and
stored at -207C until DNA isolation for PCR
analysis.

Plasmid DNA

Viral genome-cloned plasmids used to de-
termine sensitivity and specificity of the PCR
included pSRV-1 (SRV-1), D2C/Oregon (SRV-
2), pSHRM15 (SRV-3), generously donated
by Drs. P. Luciw (University of California at
Davis) and E. Hunter (University of Alabama
at Birmingham), p239SpSpS’ (SIVmac239
5'half), p239SpE3' (SIVmac239 3' half), and
pMT-2 (HTLV-1) which were kindly provided
by Drs. R. Desrosiers (New England Regional
Primate Research Center, MA) and J. So-
drosky (Dana-Farber Cancer Institute, Havard
Medical School).

Polymerase chain reaction for proviral
DNA and cloned viral DNA

For cellular DNA preparation, all cell sam-
ples used for PCR were lysed using a lysis
buffer containing 10 mM Tris-HCl (pH 8.3),
30 mM NaCl, 20 mM EDTA (pH 8.0), 0.5%
SDS, and 60 pg/ml proteinase K. The samples
were extracted with phenol/chloroform after 10
hours incubation at 37C in the lysis buffer
followed by 10 min at 95C, and then stored



at -20C in TE buffer prior to PCR analysis.
After multiple conserved sequence analysis, a
region conserved among SRV-1, -2, and -3
within envelop glycoprotein gene was chosen
for PCR amplification. Locations and se-
quences of the primer pair, and expected frag-
ment size after reaction were summarized in
Table 1. For detective PCR amplification, ap-
proximately 1.0 pg of the sample cellular
DNA or 0.1 pg of plasmid DNA containing
cloned viral genome mixed with 1.0 pg of un-
infected CEMx174 DNA was added to the
reaction cocktail (2.5 mM MgCl, 200 uM
dNTPs for final concentration) making 100 ul
final reaction volume. For semiquantitative ti-
tration PCR using plasmid DNA containing
viral genome, approximately 1.0 ug of un-
infected CEMx174 cellular DNA was mixed
with serially diluted pSRV-1, D2C/Oregon,
and pSHRM15. The samples were overlaid
with 100 pl of mineral oil and amplified in Er-
icomp thermocycler (San Diego, CA) using
the following cycle conditions: 1 min dena-
turation at 94°C, 1 min annealing at 55°C, and
1 min extension at 72°C. This cycle was re-
peated 34 times followed by a 10 min final ex-
tension at 72°C. The reaction conditions were
optimized for specificity and sensitivity. One-
tenth, about 10 ul, of the each reaction pro-
ducts was separated by electrophoresis through
an 1.5% agarose gel, and then stained with
ethidium bromide. Throughout all PCR am-
plification, SU of Taq polymerase (Perkin-Elmer)
and 0.3 uM of each primer per reaction were
used.

RESULTS
PCR amplification of cloned viral DNA

Viral genome-containing plasmids of three
different serotypes of SRV and three other re-
troviruses were subjected to PCR amplification
in order to evaluate the specificity of primers
SRVenv65 and SRVenv72R for amplifying
and detecting SRV-1, -2, and -3 all together.
The primers were designed to amplify the tar-
get region which was rather conserved within
env gene sequence. One round of reaction
with the primer pair amplified and detected
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Fig. 1. PCR amplification of the SRV env region
in SRV-1, SRV-2, SRV-3, genome-cloned plasmid
DNA using cross-detective oligonucleotide primers.
Each plasmid DNA, 1.0 x 107 Ug per reaction,
was mixed with 1.0 ug CEMx174 chromosomal
DNA and subjected to one round of PCR as des-
cribed in Materials and Methods. Lane M, ¢X174/
Hae III restriction fragment molecular size marker;
lane 1, reaction mixture control, no target DNA;
lane 2, pSRV-1 (SRV-1); lane 3, D2C/Oregon
(SRV-2); lane 4, pSHRM15 (SRV-3); lane 5, p
239SpSp5” (SIVmac239 5%-half); lane 6, p239SpE3
(SIVmac239 3'-half); lane 7, pMT-2 (HTLV-1);
lane 8, 1.0 uyg CEMx174 chromosomal DNA only.
Arrow and arrowhead indicated the 725 or 728, and
701bp PCR products, respectively. One-tenth of the
each reaction product was separated by electropho-
resis through 1.5% agarose gel, and then stained
with ethidium bromide.

Table 1. Sequence and position of the primers used, and expected fragment size from the PCR

Primer designation  Sequence (5'-3")

Position/ Region/ Subtype Fragment size (bp)

SRV1 env65

SRV1 env72R

GCCCCTGGTAAAGAAAAAATTG

ACTTCTGCTAGAGAGTCTAC

6500-6521/ env/ SRV-1 728
6468-7168/ env/ SRV-2 701
6884-7608/ env/ SRV-3 725

7208-7227/ env/ SRV-1
7149-7168/ env/ SRV-2
7589-7608/ env/ SRV-3
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the corresponding regions in all three types of
SRV genome-cloned plasmids (Fig. 1). Elec-
trophoretic analyses of the reaction products
on ethidium bromide-stained 1.5% agarose gel
revealed expected fragment sizes for each sero-
type. SRV-1 and SRV-3, known to share very
high sequence homology up to 92%, produced
similar fragment sizes in the reaction. Es-
timated product sizes were 728 nts for SRV-1
and 725 nts for SRV-3 generated from pub-
lished sequences (Fig. 1, lanes 2 and 4, respec-
tively). The amplified product of SRV-2 mi-
grated slightly faster than the other two as ex-
pected of which should be about 701 nt-long
(Fig. 1, lane 3). Homology of SRV-2 to SRV-1
was about 80% overall but the sequences for
the primer pair to anneal were selected for
complete match in all three serotypes. Plasmid
clones of SIVmac239 and HTLV-1 were not
amplifiable at all by the SRV PCR primer pair
used in this reaction. Therewith, the PCR us-
ing a primer pair hybridizing two conserved se-
quences of SRV env gene is not only able to
detect all three subtypes of SRV in one round
of reaction, but it does so with very high spec-
ificity.

PCR amplification of SRV-infected cell
lines

To further evaluate the utility of the SRV
PCR primer pair, chromosomal DNA extracted
from three SRV-infected Rajis and an un-
infected Raji cell line were tested whether
SRV proviral DNA are detectable and am-
plifiable as shown in the PCR amplifying clon-
ed viral genome. Three Rajis R20216, R10867,
and R23200 persistently infected with subtype
1, 2, and 3 respectively, produced specifically
amplified PCR fragments of expected size (Fig.
2, lanes 3, 5, and 7). PBMCs obtained from
rhesus macaques either fatally infected with
cloned SIVmac239 or of infection-free, and
from STLV-l-infected or uninfected baboons

were subjected to the PCR amplification.
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Fig. 2. Detection and amplification of the SRV
env region by the PCR in Raji cells persistently in-
fected with each subtype of SRV. Chromosomal
DNA was prepared directly from cultured SRV-in-
fected control cells and from uncultured rhesus ma-
caque or baboon PBMC. One microgram of each
cellular DNA was subjected to one round of PCR
amplification. For the size comparison, 1.0X 10
pg of viral genome-cloned plasmid DNA for each
SRV subtype mixed with 1.0 yg CEMx174 chro-
mosomal DNA, was amplified at the same reaction
condition. PCR was performed as described in Ma-
terials and Methods. Lane M, ¢X174/Haec III res-
triction fragment molecular size marker; lane 1, reac-
tion mixture control, no target DNA, lane 2, R20216
(SRV-1); lane 3, pSRV-1; lane 4, R10867 (SRV-2),
lane 5, D2C/Oregon; lane 6, R23200 (SRV-3), lane
7, pSHRM15; lane 8, uninfected Raji; lane 9 to 12,
PBMCs of E968, 93-7, PAPx4513, and PAP4446,
respectively, and then stained with ethidium bromide.

Neither any other cell lines nor PBMCs in-
volved in specific retrovirus infection other
than SRV produced detectable PCR products
at the given condition (Fig. 2, lanes 8-12). Re-
peated trials for amplifying SRV provirus
from the various concentrations of infected cel-
lular DNA confirmed that the PCR was highly
reproducible without compromising its ex-
cellent specificity (data not shown).

Sensitivity evaluation of the PCR using
viral genome-cloned plasmid DNA titration

To demonstrate the sensitivity of the PCR
using primers SRVenv65 and SRVenv72R, a
semiquantitative titration PCR was performed
in which each type of SRV genome-cloned
plasmid DNA was serially diluted, mixed with
approximtely 1.0 pg of uninfected CEMx174
chromosomal DNA, and then subjected to one
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Fig. 3. Sensitivity evaluation of the SRV PCR using the cross-detective primer pair. Each plasmid DNA for
three subtypes of SRV was serially diluted and mixed with 1.0 g CEMx174 chromosomal DNA, and then sub-
jected to one round of amplification. PCR was performed as described in Marerials and Methods. (A) Plasmid
pSRV-1 titration PCR for SRV-1 detection. Lane M, ¢X174/Hae III restriction fragment molecular size markeri
lane 1, reaction rmxture control with CEMx174 DNA, but 1o target DNA; lane 2, 1x107? ug; lane 36 1x10
pg; lane 4, 1x10° ug; lane 5, 1x107 ug; land 6, 1x10° pg lane 7, 1x10° pg ; lane 8, 1 X110 pg. (B)
Plasmid D2C/Oregon titration PCR for SRV-2 detection, Lane M, ¢X174/Hae III retriction fragment molecular
size marker lane 1, reaction m1xture control with CEMx174 DNA, but no target DNA; lane 2, 1 X 107 ng; lane
3, 1><10 ne; lane 4,1x10° ug; lane 5, 1x 107 pg; land 6, 1x 10° pg pSRV-1; lane 7, 1x10” pg ; lane 8,
1x 107 pg. (O Plasmid pSHRMIS titration PCR for SRV-3 detection. Lane M, ¢X174/Hae III retriction frag-
ment molecular size marker lane 1, reaction mlxture control with CEMx174 DNA, but no target DNA; lane 2,
1><10 ug; lane 3, 1><10 He; lane 4,1%x10° ug; lane 5, 1x 10”7 ug; lane 6, 1 x 10° Hg pSRV-1; lane 7, 1 X
10° ug ; lane 8, 1x10™° pg. One-tenth of the each reaction product was separated by electrophoresis through 1.5%
agarose gel, and then stained with ethidium bromide.

round of amplification. One-tenth of the total genesis, the readiness of transmission through
end-product was electrophoresed for the ana- habitual contact and the induction of profound
lyses of each reaction. Titration PCR for SRV- immunosuppression accompanied with several
1, revealed clearly visible bands on lane 6 indistinguishable symptoms from SIV in-
which required only 1.0x10° pg of plasmid fection among captive macaque colonies by
pSRV-1 (Fig. 3A). For SRV-2, amplified frag- SRV infections have been a major concern in
ment from 1.0x10” pg of plasmid D2C/Ore- the animal model research of human AIDS [9].
gon was shown with somewhat lower intensity Attempts to preclude SRV-infected animals
but it was identifiable and reproducible (Fig. from the model study by type-specific PCR in
3B; lane 6). For SRV-3 titration PCR, sharing selected laboratories has been successful [18,
very high sequence homology with SRV-1 19] though multiple PCR had to be done for
throughout the genome, it was obvious that the detection of each serotype. While any PCR
the reaction for pPSHRM15 was as, if not more, methodology to amplify proviral DNA of
sensitive as in the reaction for pSRV-1 (Fig. STLV has not been developed yet, it had been
3C). Based on molecular weight of each clon- demonstrated that the detection of STLV-1 by
ed SRV genome, the PCR of which resultants PCR using HTLV-1-derived primers targeting
were simply stained with ethidium bromide tax and pol gene with excellent specificity [23].
should be sensitive enough to detect one SRV- The novel PCR method described in this
infected cell per more than 5-7x 10* uninfected study was developed to detect proviruses of
cells. SRV subtypes after single round of am-
plification. The reaction required only one pair

DISCUSSION of primers to detect all three subtypes of SRV.

The primers and the PCR demonstrated their

In the absense of any official report re- excellent specificity and reproducibility as well.
garding human infection by SRV and its patho- Sensitivity of the PCR, approximated by sem-
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iquantitative titration analysis of ethidium bro-
mide-stained band products, should be no less
than virologic tests and certain serological
tests like RIPA or immunoblot [14, 17]. Al-
though ethidium bromide staining was em-
ployed to identify resulting products in order
to simplify provirus detecting process as pos-
sible as it can be, it should not be unreasonable
to assume that Southern hybridiztion of the am-
plified products with radioactive-labeled probe
shall increase the reaction sensitivity about sev-
eral fold at least. Furthermore, the second
round of amplification using 'nested' primers,
targeting the first round PCR resultants, has
been known to increase PCR sensitivity rough-
ly 100-fold. Attempts to develop the 'mested'
PCR for SRV provirus detection is in progress
in this laboratory. The one-stage PCR will
render us to perform a large scale screening
within a limited time and cost, even with high-
er sensisivity and dependability. Integration of
this technology into currently available testing
algorithms will greatly enhance the efficiency
of SRV diagnostics.

SUMMARY

To develop the polymerase chain reaction
(PCR) for the detection of type D simian re-
trovirus (SRV) infection, an oligonucleotide
primer pair was designed to hybridize to the
sequences within env gene of SRV subtype 1
(SRV-1). The 3' proximal env sequences an-
nealing to the primers had been rather con-
served among three different subtypes of SRV,
SRV-1, SRV-2, and SRV-3 (Mason-Pfizer
Monkey Virus: MPMV). The PCR using the
primer pair targeting an env region suc-
cessfully detected and amplified all three sub-
types of SRV with excellent specificity after
single round of reaction. The tests with peri-
pheral blood mononuclear cells infected either
with simian immunodeficiency virus or simian
T-lymphotropic virus type 1,

major im-

munosuppressive viral agents together with
SRV in simian, verified the specificity of the
PCR by excluding any cross reactivity. Sem-
iquantitative titration PCR, amplifying serially
diluted plasmid DNA of each subtype, was
performed to evaluate sensitivity limits of the
reaction. Based on molecular weight of each
cloned SRV genome, the PCR should be able
to detect one SRV-infected cell per more than
5-7%x10* uninfected cells after simple ethi-
dium bromide staining of resulting products.
The PCR must be very efficient screening sys-
tem with its quickness, certainty, and sen-
sitivity for SRV-infected animals used in hu-
man AIDS research model. Second round am-
plification of the reaction products from the
first PCR, or Southemn hybridization by ra-
diolabeled probes shall render to compete its
efficacy to ELISA which has been the most
sensitive technique to screen SRV infection
but with frequent ambiguity problem.
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