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AMPLIFIED NUCLEIC ACID SEQUENCES AND CELLULAR

In one aspect, the present invention provides an in situ process of simultaneously detecting a specific predetermined nucleic acid
sequence and a specific predetermined cellular antigen in the same cell. In accordance with that process, the antigen is labeled with a
biotin- or DNP-tagged antibody that specifically immunoreacts with the antigen, the specific nucleic acid sequences in the cell are amplified,
the amplified nucleic acid sequences are labeled with a fluorescently-tagged nucleic acid probe that specifically hybridizes to the amplified
nucleic acid sequences, and the labeled nucleic acid sequences and labeled cellular antigen are detected.




AM
AT
AU
BB
BE
BF
BG
BJ
BR
BY

Codes used to identify States party to the PCT on the front
applications under the PCT.

Armenia
Austria
Australia
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus
Canada

Central African Republic
Congo
Switzerland
Cote d’Ivoire
Cameroon
China
Czechoslovakia
Czech Republic
Germany
Denmark
Estonia

Spain

Finland

France

Gabon

United Kingdom
Georgia

Guinea

Greece

Hungary

Ireland

Ttaly

Japan

Kenya

Kyrgystan
Democratic People’s Republic
of Korea
Republic of Korea
Kazakhstan
Liechtenstein

Sri Lanka

Liberia

Lithuania
Luxembourg
Latvia

Monaco

Republic of Moldova
Madagascar

Mali

Mongolia
Mauritania

FOR THE PURPOSES OF INFORMATION ONLY

MW
MX
NE
NL

Nz
PL

RO
RU
SD
SE
SG
SI
SK
SN
Sz
D
TG
T}
TT
UA
UG
us
UZ

pages of pamphlets publishing international

Malawi

Mexico

Niger

Netherlands
NorWay

New Zealand
Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore
Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam




10

15

20

30

WO 97/08343 PCT/US96/13936

METHOD OF SIMULTANEOUSLY DETECTING AMPLIFIED
NUCLEIC ACID SEQUENCES AND CELLULAR ANTIGENS
IN CELLS

Cross-Reference to Applications

This application is a continuation-in-part application of
United States Patent Applications Serial No. 08/245,530, filed on May 18,
1994, which is by itself a continuation of United States Patent
Application Serial No. 901/702, filed on June 19, 1992. The disclosures

of both these applications are incorporated herein by reference.

Technical Field of the Invention

The field of this invention is the detection of amplified
nucleic acid sequences and cell antigens. More particularly, this
invention relates to the simultaneous detection of these amplified nucleic

acid sequences and antigens in cells, using microscopy or flow cytometry.

Background of the Invention

Detection of viral nucleic acids in specimens comprising
body fluids or tissues can be difficult because of the small quantity of
viral DNA or RNA present in the specimen and/or because of the
presence of other interfering materials, including DNA from a different
source and ubiquitous RNases. These limitations may be overcome by
employing the analytic method referred to as the polymerase chain
reaction (PCR) technique. By this technique, selective enrichment of a
specific DNA sequence can be achieved by exponential amplification of
the target sequence. [See Mullis, et al., Methods Enzymo., 155, 335
(1987); and Saiki, et al., Science, 230, 1350 (1985)].

To facilitate PCR amplification, pairs of oligonucleotide
primers may be employed as described in United States Patents 4,683,202
and 4,683,195. The primers are designed to hybridize with sequences
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that flank the target DNA. Following amplification, the amplified target
sequence is detected by a hybridizing, target-specific probe. For
example, this analytical procedure has been used for direct detection of
HIV-1 (AIDS virus), as described by Ou, et al., Science, 238, 295-297
(January IS, 1988). The amplification cycles are facilitated by using a

polymerase which is thermally stable in incubations up to 95 AGs
described by Saiki, et al., Science, 239, 487-491 (January 29, 1988).

Generally, specific amplified nucleic acids are detected by
hybridization with labeled nucleic acid sequences complementary to a
region within the amplified nucleic acid. Thus, the whole population of
amplified nucleic acids are simultaneously detected. When in situ
procedures (e.g., PCR) are used to detect nucleic acid sequences in cells,
the severity of the procedures per se obviate the simultaneous detection
of other cellular components such as cellular antigens. For example, the
extended thermal cycling needed for amplification of nucleic acids by
PCR destroys or alters heat labile structures such as protein receptors
and enzymes.

Other measurement techniques, however, allow the analysis
of individual cells. These techniques included microscopy and flow
cytometry. Flow cytometry involves analyzing cells or cellular fractions
(stained with fluorescent dyes) suspended in a solution. In flow
cytometry, cells are forced in a narrow stream through a path of laser
light. The cells pass the laser beam in single file at a rate up to several
thousands per second. When cells enter the light, they scatter light or
emit fluorescence. As each cell passes through the light source, its
optical properties are quantified and stored with this technique. A large
number of cells can be measured characterized individually in a short

period of time.
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Van den Engh et al.,, U.S. Patent No. 4,770,992 show
detection of DNA sequences in chromatin by flow cytometry. The
method disclosed by Van den Engh et al., however, does not allow for
the detection of short target sequences or nucleic acids located in the

cytoplasm. To make these assessments an intact cell must be analyzed.

Quantification of viral burden in patients with a infection is
relevant for prognostic and therapeutic purposes. For example, several
studies have attempted to quantify Human Immunodeficiency Virus
(HIV-1) DNA or PNA using co-amplification of HIV-1 GAG and
HLA-DQ- [See T. Lee, F.J. Sunzeri, L.H. Tobler, et al., Aids 5, 683
(1991)], quantitative PNA PCR [See L.Q. Zhang, P. Simmonds, C.A.
Ludlam, A.J.L. Brown, Aids 5, 675 (1991)], and quantitative DNA PCR
following cell sorting [See S.M. Schnittman, M.C. Psallidopoulos, H.C.
Lane, et al., Science 245, 305 (1989)]. In addition, histologic methods
such as in situ hybridization using cPNA probes complementary to,
HIV-1 PNA [See M.E. Harper, L.M. Marselle, R.C. Gallo, F.
Wong-Staal, Proc Natl Acad Sci USA 83, 772 (1986)] and in situ PCR for
HIV-1 proviral DNA [See 0. Basgasra, S.P. Hauptman, H.W. Lischner,
M. Sachs, R.J. Pomerantz, N Eng'l J Med 326, 1385 (1992)] have been
used to directly identify infected peripheral mononuclear cells isolated
from patients. Due to the markedly discordant results in these studies
only limited insight is gained into the percent of infected cells in HIV-1
patients with estimates ranging anywhere from 10% of cells in
symptomatic patients containing HIV-1 DNA [See K. Hsia, S.A. Spector,
J Infect Dis 164, 470 (1991)] to between 1 in 100 and 1 in 100,000 cells
in asymptomatic carriers containing HIV-1 (See S.N. Schnittman, J.J.
Greenhouse, N.C. Psallidopoulos, Ann Intern Med 113, 438 (1990)].
Additionally, the lack of consistent data confuses interpretations of the

role that this determination plays in disease progression and prognosis.
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Previous attempts to combine nucleic acid hybridization
with flow cytometry have been restricted by target copy number or
sequence specificity. Solution hybridization and flow cytometric
detection of positively hybridized nuclei has been reported utilizing either
total genomic DNA [See G. Dudin, T. Cremer, M. Schardin et al.,, Hum
Genet 76, 290 (1987)] or highly repetitive chromosome specific sequences
[See D. Pinkel, J.W. Gray, B. Trask, Cold Spring Harbor Symposia on
Quantitative Biology, Vol. LI, 151 (1986)] as probes. Additionally, flow
cytometric detection of hybridization to ribosomal PNA has been
successful [See J.G. Bauman et al., Cytometry 9:515-524 (1988)] and
detection of a high abundance mRNA; -actin in 1929 cells has been
reported [See E.A. Timm, Jr., C.C. Stewart, Biofeedback 12, 363 (1992)].

The present invention provides a process that combines the
sensitivity of in situ polymerase chain reaction, the specificity of nucleic
acid hybridization, and the specificity and stability of biotin- or DNP-
tagged antibodies against cellular antigens with the rapid and quantitative
single cell analytic capability of flow cytometry. Unlike in situ -
polymerase chain reaction technique performed on cells adhered to
slides, the solution based process described herein allows for the multi-
parameter analysis of large numbers of cells by flow cytometry and
further characterization following cell sorting. Using this technique, we
have detected a single HIV-1 proviral sequence per cell in an HIV-1
positive cell line and HIV-1 proviral, HIV test mRNA sequences
simultaneously with CD4 and CD83 in HIV-1 infected patients.

Brief Summary of the Invention

In one aspect, the present invention provides an in sifu
process of simultaneously detecting a specific predetermined nucleic acid
sequence and a specific predetermined cellular antigen in the same cell.

That process comprises the steps of (a) labeling the antigen with a biotin-
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or DNP-tagged antibody that specifically inmunoreacts with the antigen,
(b) amplifying the specific nucleic acid sequences in the cell, (c) labeling
the amplified nucleic acid sequences with a fluorescently-tagged nucleic
acid probe that specifically hybridizes to the amplified nucleic acid
sequences, and (d) detecting the labeled nucleic acid sequences and

labeled cellular antigen.

The specific nucleic acid sequence can be a DNA sequence
or a RNA sequence. A preferred nucleic acid sequence is a viral nucleic
acid sequence. The viral nucleic acid sequence is preferably an HIV
sequence such as HIV-1 proviral DNA or mRNA.

A preferred cellular antigen is a cell surface antigen. In
one embodiment, the cell surface antigen is a cell surface antigen

involved in T cell activation such as CD4.

A process of this invention is particularly useful in
detecting nucleic acid sequences and cellular antigens in white blood
cells. In one embodiment, the white blood cells are peripheral

mononuclear cells such as T cells.

In a preferred embodiment, amplification of nucleic acid
sequences is accomplished in solution using deoxyribonucleotide
triphosphates coupled to a bulky molecule that prevents diffusion of
amplified sequences from the cell. Detecting the labeled nucleic acid
sequences and cellular antigen is accomplished by fluorescence activated

flow cytometry or fluorescence microscopy.

In a preferred embodiment therefore, the present invention
provides an in situ process of simultaneously detecting a specific

predetermined nucleic acid sequence and a specific predetermined

PCT/US96/13936
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cellular antigen in the same cell, the process comprising the steps of (a)
labeling the antigen with a biotin- or DNP (dinitrophenol)-tagged
antibody that specifically immunoreacts with the antigen, (b) exposing the
antigen-labeled cell to a fixative and permeabilization agent, (c)
amplifying the specific nucleic acid sequences in the cell in the presence
of deoxyribonucleotide triphosphates coupled to a molecule that prevents
diffusion of amplified sequences from the cell, (d) labeling the amplified
nucleic acid sequences with a fluorescently-tagged nucleic acid probe that
specifically hybridizes to the amplified nucleic acid sequences, and (e)

detecting the labeled nucleic acid sequences and labeled cellular antigen.

In another aspect, the present invention provides an in situ
process of simultaneously detecting HIV-1 proviral DNA and cell surface
CD4 antigen in T cells, the process comprising the steps of (a) labeling
the CD4 cell surface antigen of the T cells with a biotin- or DNP-tagged
antibody that specifically inmunoreacts with the CD4 cell surface
antigen, (b) exposing the antigen-labeled cells to a fixative and
permeabilization agent, (c) amplifying the HIV-1 proviral DNA nucleic
acid sequences in the célls in the presence of deoxyribonucleotide |
triphosphates coupled to a molecule that prevents diffusion of amplified
sequences from the cell, (d) labeling the amplified HIV-1 proviral DNA
sequences with a fluorescently-tagged nucleic acid probe that is
complementary to the HIV-1 proviral DNA sequences, and (e) detecting
the labeled HIV-1 proviral DNA nucleic acid sequence and labeled CD4

cell surface antigen by fluorescence activated flow cytometry.

Brief Description of the Drawings
FIG. 1. Shows in situ PCR using primers SK38/39 on

8ES/LAV cells diluted to 50% using seronegative peripheral
mononuclear cells. Amplificate remains in positive cells (dark brown)

and negative cells contain no amplified product (light green). Color

PCT/US96/13936
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development was achieved using an alkaline phosphatase conjugated
anti-digoxigenin antibody which binds to digoxigenin incorporated in the
amplificate. The substrate NBT/xphosphate precipitates to form a brown

product. Cells were counter-stained with Fast Green.

FIG. 2. Standard curve of 8ES/LAV cells (HIV-1 positive)
diluted with seronegative peripheral mono-nucleic cells as determined by
in situ PCR and flow cytometric analysis (y-axis).

FIG. 3. Fluorescence histogram showing HIV-1 positive
and HIV-1 negative cells quantitated by in_situ PCR and flow cytometric

analysis.

FIG. 4 shows the effectiveness of various antibody
conjugation and binding schemes on cells subjected to thermal
amplification in situ. The histogram in row B was generated using cells
with antibody bound following fixation and permeabilization but before
thermal amplification. The histogram in row C was generated using cells
with antibody bound before fixation and permeabilization followed by
thermal amplification. In row C, column A, strepavidin-phycoerythrin
was added after thermal amplification and hybridization. The histogram
in row D was generated »sing cells with antibody bound following

fixation, permeabilization, and thermal amplification.

FIG. 5 shows a comparison of representative dual color dot

plots of monocyte-depleted PBMCs from patients with varying CD4

- counts. Simultaneous inmunophenotyping and PCR-driven in situ

hybridization was performed on monocyte-depleted PBMCs as described
using the anti-CD4 antibody, Leu3A. The double positive (CD4 positive,
HIV-1 DNA positive) populations for each sample are in quadrant 2 of
each plot. The patient sample numbers and CD4 counts which

PCT/US96/13936



10

15

20

30

WO 97/08343

correspond to Table 1 are: (A) patient #13, CD4 T-cell count of 1431,
(B) patient #12, CDr+ T-cell count of 742, (C) patient #6, CD4+ T-cell
count of 263, and (D) patient #9, CD4 + T-cell count of 506.

FIG. 6 shows plots from patient 13 (A) and patient 4 (B)
showing a decrease in Leu3A staining without a decrease in L120
staining in the CD4 negative, HIV-1 DNA positive cell population. The
dot plots from an HIV-1 seronegative control patient 14(C) revealed no
difference in Leu 3A staining intensity when compared to L120 staining.

FIG. 7 shows single parameter histograms of PBMCs
stained with CG-10, an antibody which binds CD4/gp 120 complexes.
Histograms (A), HIV-1 infected CEM cells, (B) patient #5, and ©
patient #6 show populations of cells which stain for CD4/gp 120 on the
cell surface. A HIV-1 seronegative patient sample (#14) lacks a CG-10-

positive cell population.

Detailed Description of the Invention

In one aspect, the present invention provides an in _situ
process of simultaneously detecting a specific predetermined nucleic acid
sequence and a specific predetermined cellular antigen in the same cell.
That process comprises the steps of (a) labeling the antigen with a biotin-
or DNP-tagged antibody that specifically immunoreacts with the antigen,
(b) amplifying the specific nucleic acid sequences in the cell, (c) labeling
the amplified nucleic acid sequences with a fluorescently-tagged nucleic
acid probe that specifically hybridizes to the amplified nucleic acid
sequences, and (d) detecting the labeled nucleic acid sequences and

labeled cellular antigen.

PCT/US96/13936



10

15

20

30

WO 97/08343 PCT/US96/13936

The specific nucleic acid sequence can be a DNA sequence
or a RNA sequence. A process of the present invention has been shown
to be particularly useful in detecting viral nucleic acid sequences. As set
forth hereinafter in the Examples, a process of the present invention has
been used to detect an HIV nucleic acid sequence, HIV-1 proviral DNA,
in white blood cells. One of ordinary skill in the art will readily
appreciate, however, that a process of the present invention can be used
to detect other nucleic acid sequences in other cells and tissues (e.g.

translocations in leukemic of fetal cells in maternal circulation).

The presence of any cellular antigen can be detected using
a process of this invention. The present invention has particular utility
for detecting antigens that are expressed on the surface of cells (i.e., a

cell surface antigen).

In a similar manner, while the present invention can be
used to detect nucleic acid sequences and cellular antigens in any cell
type, that process is particularly useful where the cells are white blood
cells. In one embodiment, the white blood cells are peripheral
mononuclear cells. An especially preferred peripheral mononuclear cell
is a T cell. Where the cell is a T-cell, a preferred cell surface antigen
detectable by a process of this invention is a cell surface antigen involved
in T cell activation such as CD4. It is preferable to use a process of the
present invention on cells that have been separated from other cell types.
Means for preparing isolated groups of particular cells are well known in
the art.

The cellular antigen is labeled with a biotin- or DNP-
tagged antibody that specifically inmunoreacts with the antigen to be
detected. Monoclonal antibodies are preferred because of their high

degree of immunospecificity. Means for tagging or labeling molecules
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such as antibodies with biotin are well known in the art. The present
invention discloses that the labeling of cellular antigens with a biotin- or
DNP-tagged antibody allows the label to survive the subsequent steps
used to amplify and label nucleic sequences. The use of a biotin- or
DNP-tagged antibody to label CD4 on T cells is described in detail

hereinafter in Example 3.

A preferred means for amplifying a specific nucleic acid
sequence is the po]ynierase cham reaction (PCR) technique (U.S. Patent
Nos. 4,683,202 and 4,683,195 hereby incorporated by reference). Other
amplification techniques may also be used to practice this invention. See
e.g. Erlich et al. EP 0 237 362, Dettaguptab et al. EP 0 297 379, Becker
EPO 300[75 Burg et al. 0 310 229, Collins EP 0 328 822, Davey 0 329
822, Loewy et al. EP 0 369 775, EP 0 371 437, Gingeras EP 0 373 960,
and Rose et al. EP 0 379 639.

The polymerase chain reaction amplification procedure is
conducted as disclosed in U.S. Patent No. 4,683,202 and 4,683,195. To
facilitate retaining amplified product within the cell after application of
proteinase K and thermal cycling, deoxyribonucleotide triphosphates are
coupled to bulky molecules such as digoxigenin. We have found that the
incorporation of these molecules during amplification provides a way to
detect amplified DNA in a cell in solution because these molecules

function to prevent amplified product from leaking out of the cell.

Amplification localization and optimization of cycling
parameters were evaluated using an antibody to the compound coupled
to the deoxyribonucleotide triphosphates. In partiéular, for detection of
HIV-1-DNA certain primers SK38/39 (GAG) and SK68/69 (ENV)
provides the greatest sensitivity and specificity. Additionally, the

concentration of magnesium also affected sensitivity and specificity.

PCT/US96/13936
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This technique can be used to detect specific nucleic acid
sequences such as HIV-1 proviral DNA, HIV-1 RNA, HLA-DQ, and

potentially T-cell receptor and B-cell gene réarrangements.

In a preferred embodiment, amplification of nucleic acid
sequences is accomplished in solution using deoxyribonucleotide
triphosphates coupled to a bulky molecule that prevents diffusion of
amplified sequences from the cell. Detecting the labeled nucleic acid
sequences and cellular antigen is aécompﬁshed by fluorescence activated

flow cytometry or fluorescence microscopy.

Where a cellular antigen is simultaneously detected with an
amplified nucleic acid sequence, the thermal cycling parameters are
modified so as to minimize autofluorescence and autofluorescence
convection. It is preferred that less than about 30 thermal cycles are
used. Where a biotin- or DNP-tagged antibody against CD4 was used to
detect CD4 on T-cells, 25 thermal cycles were used (See Example 3
hereinafter). One of ordinary skill in the art can readily determine the
appropriate number of thermal cycles for a given nucleic acid and

cellular antigen.

In accordance with a preferred embodiment of the present
invention, amplified nucleic acid sequences and antigens in cells are
simultaneously detected using flow cytometry. When working with a flow
cytometer, generally a specific class of cells are transported through the
instrument. This invention specifically relates to the detection of certain
preselected nucleic acid sequences and cellular antigens in peripheral
blood mononuclear cells, but other classes of cells such as monocytes,

thymocytes and digested tissues can also be used.

PCT/US96/13936
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The isolated cells are adjusted to a suitable concentration
for detection such as 1 x 109cellyml. The cells are typically treated with
a water soluble fixative such as STF (Streck Laboratories) or Permafix
(Ortho diagnostics). STF is a proprietary fixative agent containing acetic
acid and zinc. A dilution suitable for peripheral blood mononuclear cells
was about the same as recommended for general tissue staining, i.e.,
about 1.0 x. Means for determining suitable concentrations for other
cells are well known in the art. To assess concentration of the fixative
agent both the morphology of the cell and the efficacy of amplification

are considered as is also well known in the art.

The following examples illustrate preferred embodiments of

the present invention and are not limiting of the claims or specification.

EXAMPLE 1: Detection of HIV-1 Proviral DNA _

Cell Lines and Viruses: 8ES/LAV cells are an established
cell line containing a single copy of HIV-1 pro#iral DNA. 8ES5/LAYV is
available from ERC Bioservices Corporation -- catalog number 95. This
reagent was obtained through the AIDS Research End Reference
Reagent Program, Division of AIDS, NIAID, NIHS 8ES/LAV from Dr.
Thomas Folks. Folks, T.M. Powell, D., Lightfoote, M. Koenig, S., Fauci,
A.S., Benn, S., Rabson A., Daugherty, D., Gendelman, H.E., Hoggan,
M.D,, Venkatesan, S., and Martin, M.A., Biological and biochemical
characterization of a cloned Leu-3-cell surviving infection with the
acquired immune deficiency syndrome retrovirus. J. Exp. Med. 164:
280-290, 1986. The growth characteristics are provided in a data sheet

that accompanies a shipment of the cell line.

8ES/LAYV, an established cell line having one HIV-1
proviral DNA molecule per cell, was used to prepare a copy number

standard curve for polymerase chain reaction amplification. Low

PCT/US96/13936
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passaged 8ES/LAYV cells are maintained in suspension culture in RPMI
1640 media (Gibco Laboratories) supplemented with 20% fetal bovine
serum (Hyclone Labs), 2mM L-glutamine, and penicillin (100 units/m])
streptomycin (100 micrograms) in a humidified incubation with a 5%

COjatmosphere.

HIV-1 negative peripheral mononuclear cells were
separated from the whole blood of normal healthy donors who were in a
low risk for AIDS and who had been screened as negative for HIV-1
antigen/antibody and for Hepatitis B surface antigen. Mononuclear cells
were separated from heparinized whole blood by centrifugation on a
LYMPHOCYTE SEPARATOR medium (Organon Teknike
Corporation) gradient.

The layer containing the peripheral mononuclear cells was
removed and washed three times with Dulbecco’s phosphate buffered
saline, magnesium and calcium free (D-PBS, Gibco Laboratories) Cell
suspensions of the positive control cells, 8ES/LAV, negative cells, and
HIV-1 positive clinical samples was quantified by hemocytometer
counting until duplicate counts were within 5% of each other. The
concentration of cell suspensions was adjusted to 1 x 108 cells per
milliliter with D-PBS. Four hundred microliters of this suspension is
equivalent to 400,000 cells and in the case of 8ES/LAYV cells is equivalent
to 400,000 cdpy numbers of HIV-1 proviral DNA. Standard of curve
dilution medium consisted of the HIV-1 negative peripheral blood
mononuclear cells (1 x 108 cells/milliliter) D-PBS.

Several dilutions of 8ES/LAV cells were made in the
standard curve dilution medium of negative peripheral mononuclear cells
to obtain standard curve point of 50,000, 100,000, 200,000, and 400,000

copy numbers. The zero copy number point was HIV-1 negative

PCT/US96/13936
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peripheral mononuclear cells alone. Using a dilution medium of negative
peripheral blood mononuclear cells ensured a consistent total number of
cells in each polymerase chain reaction amplification tube. Four hundred
microliters of each standard curve dilution and clinical sample was
aliquoted in 0.5ml microfuge tube (Eppendorf) for in situ polymerase

chain reaction.

Peripheral blood mononuclear cells were isolated from
fresh heparinized blood layered on a HISTOPAQUE 077 (Sigma, St.
Louis, MO) density gradient. This gradient was centrifuged for 30 min.
in GH-37 rotor at 1600 rpm at room temperature. The turbid
mononuclear layer was removed and transferred to clean 15 ml. conical
tube. The cells were washed twice with three volumes of RPMI and
once with phosphate buffered saline (pH 7.6).

In situ Polymerase Chain Reaction: cell samples were
adjusted to a concentration of 1 x 10 cells/ml and 400 pl of each sample
was pelleted at 1500 rpm for two min. After removal of the supernétant,
the cells were re-suspended in 50 ul of STF (Streck Laboratories,
Omaha, NE) fixative and incubated at room temperature for fifteen min.
Cells were again pelleted at 1500 rpm for two min. re-suspended in 25 pl
of 1 pg/ml proteinase K in 0.1M Tris HCL, 50mM EDTA (pH 8.0), and
incubated at 37ACf{or fifteen min. Cells were pelleted as above, washed
twice with phosphate buffered saline (pH 7.4) and placed on ice. 190 pl
of polymerase chain reaction mixture (10mM Tris HCL pH 8.3, 50mM
KCL, 1.5mM MgCl, 0.25mM dATP, dCTP, dGTP, 0.14mM dTTP, 4.3uM
dUTP-11-digoxigenin (Genius 1 DNA labeling and Detection Kit (hereby
incorporated by reference), 100 pmole each forward and reverse primer
(SK 38/39 Primers) 1.0 pl (5p) Taq polymerase (Amplitaq, Perkin Elmer,
Norwalk, CT) and gelatin 0.001% wj/v was added to said sample.
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Samples were placed in a Perkin Elmer Cetus automated
thermocycler once block temperature reached 80ACthen cycled.
Thermal cycling parameters (optimal) were as follows: denaturation-94AC,
one min., reannealing SSACtwo min., extension-74AC1.5 min. with five
sec. added for each successive extension cycle. Cells were cycled for 40
cycles and stored at 4ACafter cycling if necessary. Amplification
localization and optimization of cycling parameters were evaluated !using
an antidigoxigenin alkaline phosphatase conjugated antibody. See FIG. 1
and Table 1. Briefly, amplified cells were Cytospun onto poly-L-lysine
coated slides, washed with phosphate buffered saline pH 7.4 and
incubated with the conjugated antibody for two hours at 37AC. Cells
were washed as above and incubated with substrate (NBT/X-phosphate)
for 10 min. at room temperature. Cells were counter-stained with FAST

GREEN (Rowley Biochemical Institute, Rowley, MA) and cover-slipped.

TABLEI

OPTIMIZATION OF IN SITU PCR CYCLING CONDITIONS
USING IMMUNOHISTOCHEMICAL DEVELOPMENT

PRIMERS [Mg] Sensitivity Specificity
GAG 1.5mM 100% 98%
(SK38/39)

2.25mM 100% 95%
ENV 1.5mM 98% 94%
(SK68/69)

2.25mM 100% 91%

Solution hybridization. Sequence specific oligonucleotide
probes (Applied Biosystems, San Diego, CA) SK19-FITC) containing
multiple fluorescence tagged nucleotides were added to the polymerase

chain reaction tubes (400 pmol/tube) along with 10 pg/ml sonicated
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herring sperm DNA. Tubes were heated to 94ACfor two min. and
hybridization was performed for two hrs. at S6AC. Cells were washed
under high stringency for thirty min. with 2x SSC/50% formamide/500
pg/ml bovine serum albumin at 42AC30 minutes with 1x SSC/50%
formamide/500 pg/ml bovine serum albumin at 42AChirty min. with 1x
SSC/500 pg/ml bovine serum albumin at room temperature, and briefly
with phosphate buffered saline temperature. Cells were re-suspended in
phosphate buffered saline pH 8.3 and counter-stained for flow cytometric
analysis with 1 pg/ml propidium iodide.

Flow cytometric analysis. All samples were filtered through
a 7 pm nylon mesh just prior to analysis. Samples were analyzed on the
Coulter Electronica PROFILE II flow cytometer with POWERPAK
option (Coulter Electronica, Inc., Hialeah, FL.) at Veterans Lakesize
Medical Center. Laser excitation was 15mW at 488 nm and the standard
of;tica] filter configuration was utilized for fluorescence light detection
(488 nm dichroic, 457-502 nm long pass laser blocking, 550 nm dichroic,
525 band-pass FITC fluorescence), 600 nm dichroic, and 635 nm
band-pass (propidium iodide fluorescence filter). Instrument sensitivity
was standardized before each experiment employing Immuno-Bright
calibration beads (Coulter Source, Marriette, GA). Color compensation
circuitry was adjusted using FITC only, PI only, and dual stained 100%
HIV-1-positive cell samples. Standard curve showing the linearity of this
assay is shown in FIG. 2. Sensitivity and specificity of this technique
using the solution hybridization was 99.6% and 99.2% respectively (FIG.
3).

Three-Color Analysis of Cell Surface Markers. Monoclonal
antibodies OKT4-FITC (Ortho diagnostics), CD3-PerCP (Coulter

Diagnostics), and CD2-PE (Coulter Diagnostics) were employed for cell

surface phenotyping. Peripheral blood mononuclear cells were re-
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suspended in 100 pl phosphate buffered saline (pH 7.4) and all
antibodies were added at concentration recommended by the
manufacturer. After thirty minutes incubation at room temperature the
cells were fixed in 1% paraformaldehyde and analyzed by flow cytometry.

The results of this analysis is shown in Table 2.

TABLE 2

IN SITU PCR for HIV-1 Proviral DNA
Correlation with CD4 Counts

Patient Number CD4 (% of PBMC) HIV-1 DNA+ (% of
PBMC)

1 14.3 15.0
2 28.3 3.2
3 35.2 14
4 0.1 4.2
5 0.2 0.0

The data presented in this table shows the detection of
HIV-1 proviral sequences in HIV-1 infected patients. Patient No. 1 has
symptoms of the disease and shows about 14% of the mononuclear cells
being CD4+T-cells. Similarly, 15% of the mononuclear cells contain a
HIV-1 proviral sequence. Patient No. 2 and 3 are asymptomatic and
have higher T-cells percentages and lower HIV-1 proviral DNA
percentages. Patients 4 and 5 are near death and show low T-cells and
HIV-1 proviral DNA percentage. All patients are HIV-1 antibody
positive.

EXAMPLE 2: IN SITU RNA PCR
Lymphocytes were aliquoted and treated with fixative and

proteinase K as described for DNA PCR, although all solutions were
prepared with 0.1% Diethyl pyrocarbonate (DEPC) treated analytical
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reagent water (Mallinckrodt). Glassware and plasticware were used also
treated with 0.1% DEPC prior to autoclaving.

To each 400,000 cell sample, 40 pl of reaction mixture for
reverse transcription was added (10.0 units thermostable rTth DNA
Polymerase (Perkin Elmer Cetus) 90mM KCl, 100mM Tris-HCI pH 8.3,
1.0mM MnCl12, 200uM each dGTP, dATP, dCTP, 125uM dTTP, 4uM
dUTP-11-digoxigenin (Beorhinger Manheim), RNase Inhibitor 40 units
(Perkin Elmer Cetus), 100 pmoles downstream primer. Samples were

incubated for 15 minutes at 70ACand placed on ice.

160 pl of PCR reaction mixture was then added
(100mMKCI, 10mm Tris-Hel pH 8.3, 0.75 mM EGTA, 0.05% Tween 20,
5.0% (viv) glycerol (Chelating buffer-Perkin Elmer Cetus) 2mM MgCL,
100 pmoles upstream primer; Samples were taken from ice and placed
in an automated thermal cycler with block temperature at 80AC. Cycling

was then performed as previously described.

The primers used for RNA amplification (MF111, MF126)
were provided by Dr. M. Furtado. 5869-5886 MF111
GCGAA'ITCATGGAKCCAGTAGATCCTAGACI‘ A (SEQ ID NO:1)
8760-8733 MF126
GCTCTAGACTATCTGTCCCCTCAGCTACTGCTATGG(SEQ ID
NO:2) flank a major splice site within the mRNA species which encodes
the TAT protein.

Solution hybridization was then performed as described for

DNA with a fluorescently labeled oligonucleotide probe which crosses

‘the mRNA splice site (MFA-1) MFA-1

TTCTCTATCAAAGCAACCCACCTCCCAATC(SEQ ID NO:3).

PCT/US96/13936
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Cells used as positive controls were CEM cells infected
with NL4-3 HIV-1.

EXAMPLE 3: Simultaneous In Situ Amplification and Immuno-
phenotyping

The persistent viral replication that follows viral infection
during the period of clinical quiescence is associated with aberrations in
T-cell function and either a stable, slowly declining, or precipitously
declining CD4 T-cells may be a consequence of a number of potential
immunopathogenic mechanisms. In addition to direct HIV-1-induced
cytopathicity, several indirect mechanisms including syncytium formation,
free gp120/gp 160-mediated cell killing, autoimmune reactions, and
apoptosis mediated by CD4 cross-linking have been invoked to explain
CD4 T-cell depletion in association with low-level virus replication.
Recent estimated of high level plasma-free RNA and cell-associated
DNA in blood and lymphoid tissue support a direct role for viral

replication in disease pathogenesis.

Qualitative abnormalities of T-cell functions are
characterized by a selective inability to proliferate to self-MHC class II-
restricted antigens in vitro. This may occur by one of several potential
immunopathogenic mechanisms. High-affinity binding of gp 120 to CD4
may impede the usual interaction of CD4 with class Ii MHC molecules
on the surface of antigen-presenting cells. Alternatively, gp 120-CD4
binding may interfere with the T-cells-specific cytoplasmic tyrosine

6ICk-

protein kinase p5 mediatedignal transduction that follows ligand

binding to the CD4 molecule or lead to specific cytokine secretion.

HIV-1 infection may also decrease the cell surface
expression of CD4 and other molecules involved in the T-cell response.

CD4 cell surface expression may be reduced by modulating CD4
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transcription or by sequestration of CD4-HIV-1 glycoprotein precursor
(gp 160)-p56 complex in the endoplasmic reticulum. Alteration of the
cell surface CD4 molecule has a net effect of causing T-cell function in
vivo has been hampered by the technical inability to simultaneously study
the CD4 surface molecule and the viral genetic material at a single-cell

level.

To quantify the numbers of CD4* T-cells within a
heterogenous cell population that harbor the virus, we performed
simultaneous intracellular HIV-1 amplification and cell surface
immunophenotyping. Thirteen HIV-1 infected study participants and
seven uninfected controls were evaluated for intracellular DNA and CD4
surface staining by PCR-driven in situ hybridization and flow cytometry.
To screen for poténtial changes in the CD4 surface molecule on infected
cells, a subset of HIV-1 infected patients was also examined for altered
binding of anti-CD4 to potential gp 120-occluded and unoccluded
determinants of CD4. Our results show a significant proportion (17.3%
to 55.5%) of CD4 T-cells in blood contain HIV-1 DNA. Additionally,
we found a marked disparity in CD4 cell surface staining between HIV-1
infected and uninfected cell populations consistent with cell surface CD4
epitope masking. The latter observation could have implications for

monitoring disease progression.

Thirteen patients with documented HIV-1 infection and
seven uninfected patients were selected for study. None of the thirteen
HIV-1-infected subjects had received any anti-retroviral therapy for at
least 90 days preceding venous blood saxhpling. Each patient had a
relatively stable CD4 T-cell number for at least 18 months preceding
blood sampling. All analyses were performed in a blinded fashion with
respect to the HIV-1 infection status of the study subjects. Informed

consent was obtained from all patients before enrollment into this study.
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PBMCs were isolated from fresh heparinized blood layered
on a Histopaque 1077 (Signa, St. Louis, MO) discontinuous density
gradient and centrifuged at 600 xg for 30 minutes at ambient
temperature. The turbid layer was removed, washed twice with 3
volumes of RPMI and once with phosphate buffered saline (PBS).
Monocytes were removed using unconjugated CD14 (Becton-Dickinson,
San Jose, CA) and antihuman Ig coated magnetic beads (Dynal, Great
Neck, NY) using the manufacturer’s protocol. The 8E5/LAV cell line
(AIDS Research and Reagent Program, NIAID, NIH, Bethesda, MD),

_ containing a single copy of integrated HIV-1 proviral DNA per cell, was

harvested at an early passage number and used as the HIV-1-infected

cell copy number control.

Cell samples were adjusted to a final concentration of 1 x
10 cells/ml. A 40Bl aliquot of each sample was centrifuged at 600 x g
for 2 min at ambient temperature. The supernatant was removed and
the cell pellet re-suspended in 90 Bl of PBS and 10 Bl of biotinylated
anti-CD4 (Becton-Dickinson, San Jose, CA). Cells were again
centrifuged at 300 to 600 x g for 2 minutes and the cell pellet was washed
twice in PBS. The cells were then fixed and permeabilized by the
addition of Permafix (Ortho Diagnostics, Inc., Raritan, NJ ) at ambient
temperature for 60 minutes. Cells were then pelleted as above, washed
with PBS and re-suspended in 190 Bl of PCR reaction mixture consisting
of 10mM Tris HCL (pH 8.3); 50 mM KCL; 1.5 mM MgCl,; 0.25 mM
each dATP, DCTP, DGTP; 0.14 mM DTTP; 4.3 BM DUTP-11-
digoxigenin; 100 pmole each forward and reverse primer; 1.0 Bl (5 units)
Taq polymerase (Amplitaq, Perking-Elmer Cetus, Norwalk, CT) and
gelatin 0.001% wiv.

The DNA in the reaction mixture was amplified in 500 Bl
tubes inserted into the wells of a 48 well thermocycler (Perkin-Elmer
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Cetus, Norwalk, CT) programmed for 25 cycles (94AC;1 minute), primer
annealing (S8AC2 minutes), and primer extension (74AC;1.5 minutes),
with 5 seconds added for each of 25 cycles. Appropriate positive and
negative controls amplified with or without the addition of Taq

polymerase were simultaneously run with each sample.

After in vitro amplification, cells were pelleted and re-
suspended in 25 Bl of 10 mM Tris HCL (pH 8.3), 50 mM KCL, and 1.5
mM MgCly. A 100 ng aliquot of the appropriately labeled target specific
oligonucleotide probe in 10 Bg/ml sonicated herring sperm DNA (Sigma,
St. Louis, MO) was added to the reaction tube. The product DNA was
denatured at 95ACfor 3 minutes, then allowed to hybridize with the
respective oligonucleotide probe at S6ACfor 2 hours. After hybridization,
the cells were washed for 30 minutes with 2 x SSC/50% formamide/500
g/ml BSA at 42AC30 minutes with 1 x SSC/S BG/ml BSA at ambient
temperature and then briefly with PBS at ambient temperature.

After the last wash, the cells were re-suspended in 90 Bl of
PBS and 20 Bl streptavidin-phycoerythrin (PE) and incubated for 30
minutes at ambient temperature. The cells were then washed in PBS as
described above. The cell suspension was filtered through a 37 Bm nylon
mesh and analyzed by flow cytometry using an EPICS PROGILE III flow
cytometer. Laser excitation was 15 mW at 488 nm, and the FITC and
PE fluorescence was detected with standard optical filter set-up (550
dichroic, 525 bandpass (FITC) and 585 bandpass (PE)). Instrument
sensitivity was standardiied before each experiment employing Immuno-
Bright calibration beads (Coulter Source, Marriette, GA). The percent
fluorescence-positive cells was determined by integration over a range of
0.2% positive counts on the identically treated negative sample (100%
uninfected PBMCs). '
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Sequence-specific oligonucleotide probes (Applied
Biosystems, San Diego, CA) containing 5’- and 3’-labeled 5-
carboxyfluorescein were synthesized on an Applied Biosystems 380B
DNA synthesizer using 5* carboxyfluorescein phosphoramidite. The
synthesized material was alkaline deprotected and purified by high-
performance liquid chromatography. 5’-carboxyfluorescein
phosphormamidite incorporation was verified by ultraviolet spectroscopy.
HIV-1 gag primers SK39 and G51 (Becton-Dickinson) and HLA-DQ%
primers GH26/27 were used as target sequence specific and control

primers, respectively.

Immunophenotyping was performed using antibody
concentrations and protocols recommended by the manufacturers.
Antibodies used included: biotinylated anti-CD5 (Leu 1); anti-CD4
(Leu3A); B1120; and unconjugated anti-CD14 (Leu M3) (Becton-
Dickinson, San Jose, CA). FITC-conjugated anti-CD4 (Caltag, San
Francisco, CA), and PE-conjugated anti-CD4 (Coulter, Hialeah, FL)
were used in experiments to determine antibody stability during thermal
cycling. Comparisons of the relative intensity of cell surface staining was

done by determining the mean peak fluorescence of the selected groups.

- CG10, an antibody which binds to CD4/gp 120 complexes. was used for

cell-surface marker staining and was generously provided by Jonathan

Gershoni of Tel Aviv University.

Statistical analysis of pre-and post-cycling determinations of
cell surface markers was performed using chi-square analysis.
Comparison of mean peak fluorescence differences was performed using

paired t-tests.

To determine the percentage of specific subpopulations of

cells and to monitor possible selective loss of certain subpopulations of
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cells during thermal cycling, fluorescein-conjugated monoclonal
antibodies specific for T-cell antigens were used for immunophenotyping.
Magnetic bead enrichment of lymphocytes was performed following
Ficoll-Hypaque discontinuous density gradient separation of PBMCs to
ensure the absence of monocytes in populations of cells with decreased
CD4 (Leu3A) expression. Negative sorting using anti-CD14 resulted in
at least 9% lymphocytes with less than 2% monocytes in all samples.
The pre-cycling percentage of cells expressing the CD4 (L 120 and Leu
3A) and CDS5 cell surface antigens following enrichment did not differ
from the post-cycling percentage of cells expressing these antigens (p>0.2
for all KI’Ests).

A variety of antibody conjugations was used in
immunophenotyping experiments to determine resiliency during thermal
cycling. Biotinylated anti-CD4 was bound to cells before fixation without
subsequent thermal cycling (See FIG. 4, panel B), before fixation with
subsequent thermal cycling (See FIG. 4, panel C), and after fixation and
thermal cycling (See FIG. 4, panel D), biotin-conjugated anti-CD4
produced results comparable to uncycled controls (See FIG. 4, panel A).

Direct PE conjugate antibodies lost fluorescence following
thermal cycling and direct FITC conjugated anti-CD4 bound non-
specifically to >90% of cells when bound before or after thermal cycling.
Biotin and PE conjugated anti-CD4 added after thermal cycling failed to
detect CD4 expressing cells. Based on these results, dual
immunophenotyping and in situ hybridization was performed using biotin-
conjugated anti-CD4 that was bound to the cell surface before fixation
and thermal cycling. This antibody labeling scheme ensures that cell
surface marker determinations on cycled cells can be extrapolated to

unéyc]ed cells.
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Quantification of CD4 T-cells harboring proviral DNA was
determined by PCR-driven in situ hybridization and two-color flow
cytometry, using simultaneous immunophenotyping with the anti-CD4
antibody Leu 3A and with HIV-1 gag-specific primer pairs and a
fluorescein-labeled target-specific probe. The percentage of CD4 cells
was determined following monocyte depletion in order to restrict our
analysis to CD4 T-cells. The percentage of CD4 T-cells harboring HIV-1
proviral DNA ranged from 17.3% to 55.5% with a median of 40.5%,
while the percentage of infected PBMCs ranged from 3.6% to 15.6%
with a median of 10.1%. Negative controls consisting of: PBMCs
isolated from an HIV-1 uninfected donor amplified and probed with
HIV-1-specific aligonucleotides; HIV-1-infected 8ES5 cells and PBMCs
isolated from an HIV-1-infected donor amplified with HIV-1-specific
primers and probed with an internally conserved oligonucleotide probe
without Taq polymerase; and HIV-1 positive cells and PBMCs amplified
with HLA DQ% primers and probed with a HIV-1-specific
oligonucleotide probe all lacked HIV-1-positive cell subpopulations. The
percentage of infected PBMCs or CD4 T-cells did not correlate with
CD4 T-cell number or CD4 percentage in these patients. The results of

these studies are summarized below in Table 3.
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To determine the association of HIV-1 infection with CD4
conformation and cell surface expression on cells containing HIV-1
proviral DNA, PCR-driven in situ hybridization and two-color flow
cytometry was used with a panel of antibodies directed at multiple
epitopes. A conformation epitope of CD4 associated with the gp 120-
CD4 binding site was screened by Leu3A, the prototype anti-CD4
antibody in commercial use. An epitope in CD4 domain 4, distal from
the HIV-1 gp 120 binding site, was screened using L120. To determine if
there was any selective loss of T-cell subsets, an antibody directed against

the pan-T-cell marker CD5 was used.

The total numbers of CD4 T-cells in a given blood sample
were comparable, regardless of being enumerated before thermal cycling
or after thermal cycling with or without DNA amplification and
resolution into specific subpopulations. These results indicated that there
was no selective loss of this T-cell subpopulation. Additionally, among
these two T-cell subpopulations in each of the 13 tested HIV-1 positive
clinical samples, the mean peak fluorescence of Leu3A stained cells was
consistently decreased by 1.5 to 3-fold in the CD4 positive, HIV-1
proviral DNA positive population when compared to the CD4 positive,
HIV-1 proviral DNA negative cell population (Table 3, FIG. 5). In 12 of
the 13 patient samples, the CD4 positive, HIV-1 proviral DNA positive
T-cells appeared as a single population with a decreased mean peak
fluorescence. In one sample (FIG. 5, patient #6), the CD4 positive,
HIV-1 proviral DNA positive T-cells formed two subpopulations; one
subpopulation with slightly decreased Leu3A cell surface staining, and
the other with a phenotype approaching CD4 negative. In this group of
patients, the decreased Leu3A cell surface staining is statistically
significant by y* analysis (p<0.001). The resolution into the two
subpopulations following PCR-driven in situ hybridization and flow
cytometry with Leu3A approximated the dot-plot distribution observed by
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flow cytometry with Leu3A without target DNA amplification. To screen
for the range of values for mean peak fluorescence intensity, the 7 HIV-1
uninfected subjects were evaluated. Each determination was performed
in duplicate. Among these 7 subjects, the mean peak fluorescence

intensity values ranged from 2.3 to 11.2.

To determine if the altered CD4 cell surface staining
properties for cells harboring HIV-1 proviral DNA are a result of CD4
antigen downregulation or modification, split lymphocyte samples from 4
patients 4, 5, 12, and 13 and seronegative control patient #14 were
stained with either anti-CDS5, Leu3A or L120, and analyzed for the
presence or absence of HIV-1 product DNA. There was concordance
among the CD4 T-cell numbers as determined by the total numbers using
anti-CDS5 relative to the sum of the CD4 T-cell numbers as determined
by the total numbers using anti-Cd5 relative to the sum of the CD4 T-
cell subpopulations using Leu3A or L120. In contrast to the decreased
mean peak fluorescence observed for the CD4 positive, HIV-1 proviral
DNA positive T-cells using Leu3A, there was no statistical difference
(p=0.14) in the mean peak fluorescence observed for this population
using L120 (Table 3, FIG. 6).

PCT/US96/13936
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HIV-1 infection of T-cells and cells of the monocyte-
macrophage lineage required gp 120-mediated binding of the virion to
the host cell CD4 surface molecule. The CD4-gp 120 interaction
involved high affinity binding of discontinuous sites of gp 120 with the
first immunoglobulin-like domain of CD4. Changes in the molecular
conformation of CD4 are presumed to allow direct fusion of the virus
and host cell membranes that is mediated by the amino terminal fusion
domain of the envelope transmembrane glycoprotein (gp41). The
nucleocapsid core then enters into the host cell cytoplasm, where the
virion is uncoated and the viral RNA molecule is reverse transcribed into
DNA. After translocation to the cell nucleus, the viral genome can
persist in a latent chronically infected or productive state. A large
proportion of these viral genomes are excluded from the replicating virus

pool by virtue of being either genotypically or phenotypically defective.

The molecular events responsible for CD4 T-cell depletion
and qualitative abnormalities of T-cell function have not been clearly
delineated. Both indirect and direct immunopathogenic mechanisms
postulated to explain these findings have been predicated upon the
estimated numbers of HIV-1-infected cells. While a large proportion of
infected cells would be compatible with direct HIV-1-induced
cytopathicity, small numbers of HIV-1-infected cells require an indirect
mechanism to account for the specific loss of the CD4 T-cell population.
Therefore, determining the magnitude of the reservoir of virus in vivo
and characterizing the virus-host cell interaction has significant

implications for our understanding of viral pathogenesis.

The present invention discloses that a significant proportion
(up to 50%) of CD4 T-cells can harbor virus in an HIV-1 infected
individual. These results are comparable with earlier studies that also

found a large proportion of blood and tissue cells to harbor proviral
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DNA. One significant technical limitation to earlier reports was,
however, that heterogenous cell populations were not fractionated to
elucidate the numbers of infected cells which express the CD4 surface
antigen. Quantification of proviral DNA in purified CD4 T-cell
populations provided a wide range of estimates (1 in 10,000 to 1 in 10) of
the proportion of blood cells that were infected with HIV-1. Cell
homogenization and proviral DNA quantification predicated upon
analysis of product DNA in solution have significant technical limitations

compared to specific intracellular localization of viral sequences.

HIV-1 proviral DNA is present in 3.6% to 15.6% of
PBMCs. For the monocyte-depleted CD4 T-cells, however, HIV-1
proviral DNA is present in 17.3% to 55% of cells. The difference in the
proportion of infected CD4 T-cells was not related to the subject’s CD4
T-cell counts. The apparent disparity between the stage of disease and
the proportion of HIV-1 infected cells can be attributed to the fact that
enumerating the numbers of infected cells is a static measure of a

dynamic process.

Simultaneous immunophenotyping with intracellular nucleic
acid amplification also revealed a disparity in the cell surface staining
characteristics observed for HIV-1 infected and uninfected cells in a
single sample and difference CD4 epitopes in a split sample. To
determine if HIV-1 affects CD4 cell surface expression or conformation
in vivo, CD4 epitope mapping was performed using anti-Leu3A, an
antibody which binds to an epitope overlapping the HIV-1 binding site in
domain 1, anti-L120, and antibody which binds to a CD4 epitope in
domain 4 that is unaffected by HIV-1 binding, and anti-CD5, a pan-t-cell
marker also unaffected by HIV-1 infection. In the same patient sample
preparation, simultaneous determinations of cell surface staining for CD4
by Leu3A or L120 and intracellular HIV-1 product DNA revealed a 1.5

PCT/US96/13936
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to 3 fold decrease in Leu3A (CD4) staining in infected cells compared to
uninfected cells. There was, however, no difference in the staining

intensity of the L120 antibody for the two cell populations.

_ While HIV-1 associated changes in CD4 cell surface
expression may be a consequence of blocked antibody access to or
conformational changes in the CD4 molecule, decreased CD4
transcription or translation, or intracellular CD4 sequestration, the
present results support the hypothesis the HIV-1 induces cell surface
CD4 epitope masking. The epitope masking may be the result of gp
120/gp160-CD4 interactions. This would account for the greater signals
obtained using L120 in place of Leu3A; the former epitope is not
occluded by gp 120, while the latter epitope is occluded. Only two of
these 13 HIV positive patients (patients 5 and 6) had cells which
expressed gp 120/CD4 complexes as measured by CG-10 cell surface
staining. Of these two patients, C-10 cell surface staining was observed
in approximately 9.1% of PBMCs from patient 5, and 4.0% of PBMCs
from patient 6 (See FIG. 7). Alteration of the cell surface staining
characteristics likely results from gp 160 binding to CD4 before CD4 is
éxpressed on the cell surface. The intracellular gp 160-CD4 complex can,
however, be recirculated to the endoplasmic reticulum, without
presenting to the cell surface. Previous studies have shown that
intracellular CD4-gp 160-p56' complexes are OKT4 positive and
OKTA4A, an antibody that binds to an epitope similar to Leu3A, negative.
This phenotype is similar to the CD4 cell surface staining characteristics

we observed for all of the HIV-1 DNA positive study patients.

The significant proportion of CD4 T-cells infected with
HIV-1 and the associated alteration of the CD4 cell surface molecule in
these infected cells suggests that myristylated tyrosine protein kinase

p56'* is required for co-receptor mediated signal transduction. In the
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absence of co-receptor engagement, stimulation of the TCR results in a
diminished response. T-cell activation may, therefore, be inhibited as a
consequence of the gp 120-CD4 interaction. Perturbations of CD4 prior
to TCR-mediated signal transduction may also induce apoptosis. HIV-1-
mediated T-cell destruction by apoptosis can be induced in uninfected
cells by exposure to soluble gp 120, then activation through the TCR.
Additionally, apoptosis can be induced in T-lymphoblast acutely infected
with HIV-1. Although a soluble gp 120-CD4 interaction is sufficient to
induce apoptosis in uninfected cells in vitro, the large reservoir of
persistently infected CD4 T-cells with altered CD4 cell surface expression

in vivo can account for programmed cell death following TCR activation.

Although the invention has been described primarily in
connection with special and preferred embodiments, it will be understood
that it is capable of modification without departing from the scope of the
invention. The following claims are intended to cover all variations, uses,
or adaptations of the inventions following, in general, the principles
thereof and including such departures from the present disclosure as
come within known or customary practice in the field to which the

invention pertains, or as are obvious to persons skilled in the field.

PCT/US96/13936
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(B) TELEFAX: (312) 616-5460

(2) INFORMATION FOR SEQ ID NO:1:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 32 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(i1) MOLECULE TYPE: DNA (genomic)

(ix) FEATURE:
(A) NAME/KEY: misc-feature
(B) LOCATION: 14
(D) OTHER INFORMATION: /
/label= K
/note= "K = G or T/U"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:
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GCGAATTCAT GGAKCCAGTA GATCCTAGAC TA 32

(2) INFORMATION FOR SEQ ID NO:2:
(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(1i) MOLECULE TYPE: DNA (genomic)

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO:2:

TTCTCTATCA AAGCAACCCA CCTCCCAATC 30

(2) INFORMATION FOR SEQ ID NO:3:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 36 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(1i1) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

GCTCTAGACT ATCTGTCCCC TCAGCTACTG CTATGG 36
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WHAT IS CLAIMED IS

1. An in situ process of simultaneously detecting a specific
predetermined nucleic acid sequence and a specific predetermined
cellular antigen in the same cell, the process comprising the steps of:

(a) labeling the antigen with a biotin- or DNP-tagged
antibody that specifically immunoreacts with the
antigen;

(b) amplifying the specific nucleic acid sequences in the
cell;

(c) labeling the amplified nucleic acid sequences with a
fluorescently-tagged nucleic acid probe that specifically
hybridizes to the amplified nucleic acid sequences; and

(d) detecting the labeled nucleic acid sequences and

labeled cellular antigen.

2. The process of claim 1 wherein the specific nucleic acid

sequence is a DNA sequence.

3. The process of claim 1 wherein the specific nucleic acid

sequence is a RNA sequence.

4. The process of claim 1 wherein the specific nucleic acid

sequence is a viral nucleic acid sequence.

5. The process of claim 4 wherein the viral nucleic acid

sequence is an HIV sequence.

6. The process of claim 2 wherein the HIV sequence is

HIV-1 proviral DNA.
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7. The process of claim 1 wherein the cellular antigen is a

cell surface antigen.

8. The process of claim 7 wherein the cell surface antigen

is involved in T cell activation.

9. The process of claim 8 wherein the cell surface antigen
is CD4.

10. The process of claim 1 wherein the-cell is a white
blood cells.

11. The process of claim 10 wherein the white blood cell is

a peripheral mononuclear cell.

12. The process of claim 11 wherein the peripheral

mononuclear cells are T cells.

13. The process of claim 1 wherein amplifying is
accomplished in solution using deoxyribonucleotide triphosphates coupled
to a molecule that prevents diffusion of amplified sequences from the

cell.

14. The process of claim 1 wherein detecting is
accomplished by fluorescence activated flow cytometry or fluorescence -

microscopy.

15. The process of claim 1 wherein the cell is a T cell, the
specific nucleic sequence is HIV-1 proviral DNA and the cell surface

antigen is CD4.
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16. An in situ process of simultaneously detecting a specific
predetermined nucleic acid sequence and a specific predetermined
cellular antigen in the same cell, the process comprising the steps of:

(a) labeling the antigen with a biotin- or DNP-tagged
antibody that specifically inmunoreacts with the
antigen;

(b) exposing the antigen-labeled cell to a fixative and
permeabilization agent;

(c) amplifying the specific nucleic acid sequences in the
cell in the presence of deoxyribonucleotide
triphosphates coupled to a molecule that prevents
diffusion of amplified sequences from the cell;

(d) labeling the amplified nucleic acid sequences with a
fluorescently-tagged nucleic acid probe that specifically
hybridizes to the amplified nucleic acid sequences; and

(e) detecting the labeled nucleic acid sequences and

labeled cellular antigen.

17. An in situ process of simultaneously detecting HIV-1
proviral DNA and cell surface CD4 antigen in T cells, the process
comprising the steps of:

(a) labeling the CD4 cell surface antigen of the T cells with

a biotin- or DNP-tagged antibody that specifically
immunoreacts with the CD4 cell surface antigen;

(b) exposing the antigen-labeled cells to a fixative and
permeabilization agent;

(c) amplifying the HIV-1 proviral DNA nucleic acid
sequences in the cells in the presence of
deoxyribonucleotide triphosphates coupled to a
molecule that prevents diffusion of amplified sequences

from the cell;
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(d) labeling the amplified HIV-1 proviral DNA sequences
with a fluorescently-tagged nucleic acid probe that is
complementary to the HIV-1 proviral DNA sequences;
and }

(e) detecting the labeled HIV-1 proviral DNA nucleic acid
sequence and labeled CD4 cell surface antigen by

fluorescence activated flow cytometry.
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Figure 2.
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Figure 3.
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FIGURE 6
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FIGURE 7
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