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IMPROVED PRIMERS AND PROBES FOR THE AMPLIFICATION AND

DETECTION OF HIV GAG, REV AND NEF POLYNUCLEOTIDES

BACKGROUND OF THE INVENTION

Human immunodeficiency virus (HIV) infection rates and acquired

immunodeficiency syndrome (AIDS) related death have reached pandemic proportions.

According to the World Health Organization (WHO) and the joint United Nations Program

on HIV/AIDS (UNAIDS), as of 2004, there were 39.4 million HIV infected adults and

children, 4.9 million new infections (13,425 new infections every day), and 3.1 million AIDS

related deaths had occurred worldwide. Recent projections from the WHO and UNAIDS,

indicate that if the pandemic proceeds at its current rate there will be 45 million new HIV

infections and 70 million deaths by 2020 (Stover et al, Lancet 2002 360:73-77).

Since its introduction in 1996, highly active antiretroviral therapy (3-drug

combination therapy; "HAART") has significantly reduced HIV-associated morbidity and

mortality. HAART is seen to have successfully suppressed viral replication long-term,

facilitated partial immune restoration, and prolonged survival. However, the incidence of

HAART induced drug toxicity and the emergence of drug resistance has increased every year

since its introduction. In addition, HAART regimens are expensive, have complex dose

schedules and have significant drug-drug interactions. Accordingly, a novel therapeutic

intervention that could complement HAART, shorten time on HAART, or even replace

HAART in some HIV-infected subjects, would be a significant addition the anti-HIV

armamentarium.

Given the inadequacy of HAART, there is a need for new treatment options. An

immune-based therapy that can boost an HIV-infected subject's immune response and

specifically enhance a CTL responses against HIV-I has been proposed as possible strategy

to limit the use and/or need for anti-retroviral medication (Kinloch-de Loes (2004) J .

Antimicrob. Chemother. 53:562-566). Although several cell-based immunotherapeutics have



been developed using consensus sequences of the HIV-I viral genome as immunogens in

viral vectors, the results of these clinical trials have been disappointing in their ability to

suppress viral replication.

HIV immunotherapies based on clade-specific consensus antigens have been

investigated in over 80 clinical trials, however, the results demonstrate a consistent lack of

efficacy (Garber et al. (2004) The Lancet 4:397-413; McMichael (2006) Annual Rev.

Immunol 24:227-255; and Nabel (2001) Nature 410:1002-1007). While augmentation of

immune responses to consensus sequences used for immunization was demonstrated, these

therapies did not result in reduction of viral loads. Evidence suggests that the lack of HIV-

protective immunity is due to sequence divergence between autologous and consensus

antigens. Studies with overlapping peptides demonstrated that CTL recognizing autologous

peptides encoded within a known HIV virus did not cross react with corresponding consensus

sequences (Altfeld et al. (2001) J . Exp. Med. 193:169-180). In addition, HIVs high mutation

rate results in novel mutant variants that encode point mutations within CTL epitopes and

escape recognition by specific T cells. Studies on humans and non-human primates correlate

virus escape from CTL with progression to AIDS (Goulder et al. (1999) Mature Medicine

5:1233-1235; Goulder et al. (2004) Nature 4:630-640; and Barouch et al. (2002) Nature

415:335-339). In addition, each patient creates a unique environment for its own viral

evolution. Consequently, there is substantial mutational variation between the virus infecting

the patient and the reference sequences upon which most HIV immunotherapies are based.

Since virus sequence diversity defines HIV clades, therapies based on consensus antigens

from one clade may have limited ability to cross control evolutionally divergent viruses from

other clades. Accordingly, therapies based on autologous viral antigens would have broader

applicability since the therapy would be perfectly matched to the virus species infecting each

subject.

To date, the successful dendritic cell (DC)-based immunotherapies for HIV infected

patients used an autologous virus as a source of immunogen. One clinical study

demonstrated that an AT-inactivated whole autologous HIV virus particle-loaded autologous

DC therapy prolonged suppression of viral load by more than 90% in 8 patients for at least

one year (Lu et al. (2004) Nature Medicine 10:1359-13565). All 8 of the enrolled subjects

also maintained CD4+ T-cell counts. More recently, a second independent clinical study

confirmed the benefit of immunizing patients against autologous virus (Garcia et al. (2005)



J .LD. 191 :1680-1 685). Patients in the later study were immunized with DC pulsed with

autologous plasma-derived heat-inactivated virus. After immunization and interruption of

HAART, set-point plasma viral load decreased by at least 0.5 log(l θ) copies/mL relative to

baseline in 4 of 12 patients. This response was associated with changes in HIV-I -specific

CD4+ lymphoproliferative and CD8+ T cell responses. Although these clinical studies

demonstrated the potential utility of an autologous DC therapy, the choice of whole

inactivated HIV virus as an immunogen is not ideal and may have significant safety and

practical limitations.

Commonly owned PCT Publication WO2006/031870, the contents of which are

incorporated by reference, discloses a method for strain-independent RT-PCR amplification

of selected HIV antigens (such as Gag, Rev, Nef and Vpr) to generate templates for in vitro

transcribed (IVT) RNA. The IVT RNA can be used to transfect dendritic cells or other

antigen presenting cells (APCs) to produce an autologous RNA-loaded APC based HIV

therapy with far lower regulatory hurdles (as the final formulation lacks infectious virus) in

comparison to inactivated virus or total RNA vaccines.

Due to the high mutation rate of HIV, a major obstacle to RT-PCR amplification of

autologous viral sequences was the design of PCR primers capable of amplifying variant HIV

strains present in an individual without prior knowledge of the variant target sequences. PCT

Publication WO2006/031870 solves this problem by disclosing a multiplex RT-PCR strategy

that allows reliable strain-independent amplification of highly polymorphic target antigens

from any patient without the requirement of custom designing the primers for each of the

variant viral sequences present in a particular individual. This approach to amplify HIV

sequences in a clade-independent manner rests on the principles of multiplex RT-PCR

technology. Pools of forward and reverse primers for each target gene (e.g., Gag, Rev, Vpr

and Nef) are utilized such that most HIV strains will react with at least one forward and one

reverse primer. Specifically, the amplification reactions use primer groups composed of

primers that are complementary to a consensus target sequence as well as additional primers

carrying compensatory mutations. A schematic diagram showing an embodiment of the RT-

RCR amplification and in vitro transcription of HIV sequences strategy disclosed in

WO2006/03 1870, using Rev as an example, is shown in Figure 1. In Figure 1, a Rev cDNA

is made by reverse transcription using Rev specific primer group R8300, which contains

multiple primer sequences. (Alternatively, the cDNA could be made using random primers



to initiate reverse transcription.) The Rev cDNA is then amplified using three primary PCR

reactions. Each primary PCR in this example utilizes the Rev R8300 reverse primer group,

and one of three Rev forward primer groups (Rev F7750, Rev F7830, or Rev F791 1). During

the annealing step, the most complementary primer-template combination gives rise to a

primary cDNA product. The primary cDNA is then amplified further in a secondary PCR

reaction using groups of nested primers (the Rev T7 primer group and the Rev 64T primer

groups are shown). Each 5' nested primer contains a promoter (e.g., a T7 promoter) for

subsequent in vitro transcription of the resulting cDNA product, while each 3' nested primer

preferably contains a 3' polyT tract that can be transcribed into a polyA tail. The HIV cDNA

produced by this multiplex RT-PCR-mediated amplification of autologous RNA encoding

HIV antigens from small volumes of infectious plasma encode a complex mixture

representing multiple quasispecies present within a given subject. The HIV cDNA produced

by the secondary PCR can then be used for in vitro transcription to produce mRNA encoding

the variant viral antigens.

DCs transfected with this IVT mRNA processed and presented multiple autologous

HIV antigens and induce antigen-specific CD8+ T cells. The simultaneous use of autologous

viral antigens and DCs provide for a broad patient-specific immune response that could

potentially have a better control of residual virus or a rebound of virus following the

cessation of therapy. This strategy can induce broad immune responses and the simultaneous

assault on all relevant epitopes may have the added benefit of driving the virus into a state of

poor replicative fitness and potentially eventual clearance. In addition, using specific RNAs

to encode the antigens-of- interest instead of whole virus-circumvents safety concerns. - -

Furthermore, preliminary results from a Phase I/II clinical trial have demonstrated the safety

of this approach in HIV patients.

Notwithstanding the success of the HIV amplification strategy disclosed in PCT

Publication WO2006/03 1870, there is a need for primers that result in improved

amplification of samples containing multiple quasispecies of HIV non-Clade B or Clade B

nucleotides. In addition, it would be useful to develop primers that increase the yield of PCR

products and/or in vitro transcripts. The present invention addresses these needs and provides

additional advantages as well.



SUMMARY OF THE INVENTION

The inventors have discovered novel primers, methods and kits for the amplification

of multiple species of HIV Rev, Gag and Nef nucleic acids. In one embodiment, the

invention provides a composition comprising a Rev T7 promoter primer selected from the

group consisting of:

XiX2X3X4X5TAATACGACTCACTATAGGX 6AGACCACCATGGACCCACCTCC

CAACC (SEQ ID NO:24),

X IX2X3X4X5TAATACGACTCACTATAGGX 6AGACCACCATGGACCCACCTCC

CAGCC (SEQ ID NO:25),

X 1X2X3X4X 5TAATACGACTCACTATAGGX 6AGACCACCATGGACCCACCTCC

CAGTT (SEQ ID NO:26),

XiX2X3X4X5TAATACGACTCACTATAGGX 6AGACCACCATGGACCCTTACCC

CAACC (SEQ ID NO:27),

XiX2X3X4X 5TAATACGACTCACTATAGGX 6AGACCACCATGGACCCTTACCC

CAAAC (SEQ ID NO:28),

X 1X2X3X4X5TAATACGACTCACTATAGGX 6AGACCACCATGGACCCTTACCC

CAAGC (SEQ ID NO:29),

XiX2X3X4X5TAATACGACTCACTATAGGX 6AGACCACCATGTCAGACCCACC

T (SEQ ID NO: 17),

X,X2X3X4X5TAATACGACTCACTATAGGX 6AGACCACCATGTCAGACCCGCC

T (SEQ ID NO: 1-8),

X 1X2X3X4X5TAATACGACTCACTATAGGX 6AGACCACCATGTCAGACCCTCC

T (SEQ ID NO: 19),

X iX2X3X4X5TAATACGACTCACTATAGGX 6AGACCACCATGTCAGACCCATA

C (SEQ ID NO:20),

XiX2X3X4X5TAATACGACTCACTATAGGX 6AGACCACCATGTCAGATCCATA

C (SEQ ID NO:21),

X IX2X3X4X5TAATACGACTCACTATAGGX 6AGACCACCATGTCAGACCCTTA

C (SEQ ID NO:22), and

XiX2X3X4X 5TAATACGACTCACTATAGGX 6AGACCACCATGTCAGACCCCTA

C (SEQ ID NO:23), or any combination thereof;



Wherein X6 is G, A, C or T; and either X 1 is G, X2 is A, X3 is A and X and X are T

or each of X through X5 are absent.

Such Rev T7 primer compositions can be combined with one or more Rev reverse

primers in order to amplify HIV Rev sequences. Preferred Rev reverse primers are Rev 64T

primers selected from the group consisting of SEQ ID NO: 14, SEQ ID NO: 15 and SEQ ID

NO: 16, or any combination thereof.

In another embodiment, the invention provides a composition comprising a Gag

reverse primer selected from the group consisting of SEQ ID NO:42, SEQ ID NO:43, SEQ

ID NO:44, SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO:47 and SEQ ID NO:48, or any

combination thereof. Such Gag reverse primer compositions can be combined with one or

more Gag forward primers in order to amplify HIV Gag sequences. Preferred Gag forward

primers include SEQ ID NO:30, SEQ ID NO:3 1, SEQ ID NO:32 and SEQ ID NO:33.

In another embodiment, the invention provides a Nef forward primer composition

comprising the NEF forward primer F8235.2 of SEQ ID NO:58. In a preferred embodiment,

this Nef forward primer composition further comprises the Nef F8235 forward primers of

SEQ ID NO:49 and SEQ ID NO:50. Such Nef forward primer compositions can be

combined with one or more Nef reverse primers in order to amplify HIV Nef sequences.

Preferred Nef reverse primers include Nef R9069 reverse primers selected from the group

consisting of SEQ ID NO:55, SEQ ID NO:56 and SEQ ID NO:57, or any combination

thereof.

The primer compositions of the invention can be used for the amplification and/or

detection of HIV nucleic acids. The invention further provides methods and kits for

amplification of HIV nucleic acids. HIV nucleic acids amplified by the methods of the

invention and RNA transcribed therefrom have many uses, including, but not limited to

nucleic acid vaccines and for transfection of antigen presenting cells, which can then be used

in immunotherapy.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a Schematic overview of an RT-PCR amplification strategy, using Rev

Exon 2 as an example. HIV RNA extracted from the plasma of a patient with HIV infection



serves as a template for reverse transcriptase in a first strand cDNA reaction using a gene-

specific group of primers. The first strand cDNA was divided among multiple PCR reactions

containing.multiplex groups of primers to produce a primary amplicon. The primary

ampl icons are then used as a template for secondary round of amplification. During the

secondary PCR reaction, a T7 RNA polymerase binding site and an oligo dT stretch are

incorporated into the secondary amplicon via the use oligonucleotides containing overhangs

with these sequences. The Rev T7 forward primer contains an overhang encoding the

sequence of a T7 RNA promoter, the bases ACC in a -3, -2 and - 1 position of the initiator

ATG codon for the antigen, as well as the ATG initiation codon that is not present in Rev

exon 2. The 3' half of the nested Rev T7 forward primer was complimentary to the sequence

immediately downstream of either the initiator ATG codon or the most 5' coding sequence

amplified during the primary PCR amplification. The reverse primer also contained a

poly(T)64 overhang at its 5'end, which served as a template for a polyadenylation (polyA)

sequence at the 3' end of the RNA molecule during transcription. The 3' half of the reverse

primer was complementary to the sequence isolated in a primary PCR reaction. Open bar

denotes regions outside of open reading frame of interest, hatched bar denotes RNA region

exon 2 Rev, grey bar represent DNA intermediate products during amplification process

Figure 2 is a schematic representation of primer group combinations for amplification

of Gag cDNA in primary PCR.

Figure 3 shows representative results of annealing between primers and HIV

genomes performed by PrimAlign module of HIV sequence database (Los Alamos National

Laboratory). The alignment was performed using 625 sequences. The representative HIV

sequences are shown in this figure that contains predominant point mutations in the target

region for Gag R l 88 1, 1883, and 1884 annealing. The QUERY sequence (SEQ ID NO:69)

is 5' to 3' in relation to HIV genome. Primer sequences are reverse complements to the

sequence shown. Refer to Tables 3 and 4 for primer sequences.

Figure 4 shows 3% non-denaturing agarose gel resolution of 1 µL of secondary

amplicons produced by amplification of two HIV Clade C patient samples, IDR-080 and

IDR-085, using primers disclosed in PCT publication WO2006/031870.

Figure 5 shows 3% non-denaturing agarose gel resolution of 1 µL of secondary

amplicons produced by amplification of HIV Clade C patient IDR-099 Rev viral RNA. The

viral RNA was first amplified using RT-PCR with the following combination of primary



primers: Lane 1: Rev F7750/Rev R8300; Lane 2 : Rev F7830/Rev R8300; Lane 3 : Rev

F7912-new/Rev R8300; Lane 4 : Rev F791 I/Rev R8300. Each panel represents the primary

PCR reactions listed above amplified using different sets of secondary primer groups: the

Rev T7 7912 9-overlap primer group with the Rev R8300 64T primer group; the Rev T7

7912 16-overlap primer group with the Rev R83OO 64T primer group; and the Rev T7 7912

from PCT publication WO2006/031870 (labeled as T7 current) with the Rev R8300 64T

primer group. L : molecular weight marker, 100 bp DNA ladder (Invitrogen).

Figure 6 shows 3% non-denaturing agarose gel resolution of 1 µL secondary PCR

products produced by secondary amplification of Rev cDNA amplified from three patient

samples IDR-080 (Clade C), IDR-085 (Clade C), and IDR-1 03 (Clade CRF-06). The viral

RNA from each patient was first amplified using RT-PCR with the following combination of

primary primers: Lane 1: Rev F7750/Rev R8300; Lane 2: Rev F7830/Rev R8300; Lane 3 :

Rev F791 I/Rev R83OO. Each panel represents the primary PCR reactions listed above

amplified using different sets of secondary primer groups: the Rev T7 7912 9-overlap primer

group with the Rev R8300 64T primer group; the Rev T7 7912 16-overlap primer group with

the Rev R8300 64T primer group; and the Rev T7 7912 from PCT publication

WO2006/031870 (labeled as T7 current) with the Rev R8300 64T primer group. L : molecular

weight marker, 100 bp DNA ladder (Invitrogen).

Figure 7 shows 3% non-denaturing agarose gel resolution of 50 ng of purified Rev

secondary amplicons produced on a preparative scale from four non Clade-B HIV subjects

IDR-080 (Clade C), IDR-085 (Clade C), IDR-099 (Clade C), and IDR- 103 (Clade CRF-06).

Within each subject: Lane 1: Rev amplified using the Rev T7 7912 9-overlap primer group

with the Rev R8300 64T primer group; Lane 2 : Rev amplified using the Rev T7 7912 16-

overlap primer group with the Rev R8300 64T primer group. L : molecular weight ladder,

AmpliSize Molecular Ruler™ 50-2000 bp (BioRad).

Figure 8 shows the sequence alignment of Rev secondary amplicons from non-Clade-

B patients IDR-099 and IDR- 103. Sequences in dashed box in IDR-099 show the insertion;

dashed lines in IDR- 103 show deletion. Nucleotides in solid rectangles are mutations

between IDR-099 and IDR- 103. IDR-099 Clones 2, 3, 4, 6, 8, 9 and 10 (SEQ ID NO: 70);

IDR-103 Clones 6, 8, 9 and 10 (SEQ ID NO:71).

Figure 9 shows 2% denaturing agarose gel resolution of 500 ng of purified Rev IVT

RNA produced from four non-Clade B subjects (IDR-080, IDR-085, IDR-099, and IDR-103).



For each subject: Lane 1: Rev amplified using the Rev T7 7912 9-overlap primer group with

the Rev 8300 64T primer group; Lane 2 : Rev amplified using the Rev T7 7912 16-overlap

primer group with the Rev 8300 64T primer group. L: molecular weight ladder, 0.1-2 kb

RNA ladder (Invitrogen).

Figure 10 shows SDS-PAGE resolution of in vitro translation of Rev protein using

Rabbit Reticulocyte Lysate or Wheat Germ Extract. The in vitro translation system used is

indicated to the left of the panel. Data on four non-B subjects IDR-080, IDR-085, IDR-099,

and IDR- 103 is shown as indicated at the top of the gel. Within each subject, Lane 1: Rev

amplified using the Rev T7 7912 9-overlap primer with the Rev 8300 64T primer group.

Lane 2 : Rev amplified using Rev T7 7912 16-overlap primer group with the Rev 8300 64T

primer group.

Figure 11 shows a Western Blot of Rev proteins translated in vitro from IVT RNA

produced from four non-Clade B subjects (IDR-080, IDR-085, IDR-099, and IDR- 103).

Within each subject, Lane 1: Rev amplified using the Rev T7 7912 9-overlap primer group

with the Rev 8300 64T primer group. Lane 2 : Rev amplified using the Rev T7 7912 16-

overlap primer group with the Rev 8300 64T primer group.

Figure 12 shows Rev cDNAs and IVT RNAs amplified from three Clade B and Clade

AG samples: HND-034 (Clade B), HTM-369 (Clade B) and HND-022 (Clade AG) using the

Rev T7 7912 16-overlap primer group with the Rev 8300 64T primer group (left) or the Rev

T7 7912 primer group with the Rev 8300 64T primer group. Each lane within the panel was

amplified using the following combination of primary primer groups: Lane 1: Rev F7750/Rev

R8300; Lane 2 : Rev F7830/Rev R8300; Lane 3 : Rev F791 I/Rev R83OO. L : molecular weight

marker, 100 bp DNA ladder (Invitrogen).

Figure 13 show gel electrophoresis of Rev secondary amplicons prepared from three

HIV Clade B subjects using the Rev T7 7912 16-overlap primer group together with the Rev

8300 64T primer group (left panel) and IVT RNA transcribed therefrom (right panel). Left

panel: Non-denaturing gel electrophoresis of 50 ng of purified Rev cDNA. L: molecular

weight ladder, AmpliSize DNA ruler 50-2000bp (BioRad). Right panel: denaturing gel

electrophoresis of 500 ng Rev IVT RNA. L : molecular weight ladder, 0.1 -2kb RNA ladder

(Invitrogen). For both gels: Lane 1: HND-034 (Clade B), Lane 2 : HTM-367 (Clade B) and

Lane 3 : R04-26634 (Clade B).



Figure 14 shows mFold software models of the 5' end of Rev IVT RNAs produced

from secondary Rev amplicons made using a Rev Hi T7 7912 primer group (corresponding to

the primers of SEQ ID NO:24-29, wherein X1 is G, X2 is A, X3 is A, X4 and X5 are T and X6 =

A, C, or G) together with the Rev 8300 64T primer group. In the RNA's shown, X6

corresponds to the third 5' nucleotide shown. Panel A : X6 = G (no substitution of the +3 G),

SEQ ID NO:73 is shown; Panel B : X6 = C (C is substituted for the +3 G), SEQ ID NO:74 is

shown; Panel C : X6 = A (A is substituted for the +3 G), SEQ ID NO:75 is shown.

Figure 15 shows agarose gel resolution of secondary Rev amplicons made using the

PCR amplification of Rev cDNA using the indicated Rev Hi T7 7912 16-overlap primer

group together with the Rev 8300 64T primer group. Hi T7 Rev G/G designates

amplification with the Rev Hi T7 7912 primer group of SEQ ID NO:24-29, wherein X6 = G

(no substitution of the +3 G) and Xi is G, X2 is A, X3 is A and X and X5 are T (see Table 2).

Hi T7 Rev G/A designates amplification with the Rev Hi T7 7912 primer group of SEQ ID

NO:24-29, wherein X6 = A (A was substituted for the +3 G) and X i is G, X2 is A, X3 is A, X4

and X5 are T. Hi T7 Rev G/C designates amplification with the Rev Hi T7 7912 primer group

of SEQ ID NO:24-29, wherein X6 = C (C was substituted for the +3 G) and Xi is G, X2 is A,

X3 is A, X4 and X5 are T. Hi T7 Rev G/T designates amplification with the Rev Hi T7 7912

primer group of SEQ ID NO:24-29, wherein X6 = T (T was substituted for the +3 G) and Xi

is G, X2 is A, X3 is A, and X4 and X5 are T.

Figure 16 shows agarose gel resolution of the Rev IVT RNA produced by in vitro

transcription of the secondary amplicons indicated in Figure 15.

- - - Figure 17 shows a Western Blot analysis of the Rev proteins translated in DCs - -

transfected with post-transcriptionally capped Rev IVT RNAs indicated in Figure 16. Each

of the RNAs was postranscriptionally capped (except for the RNA in the lane marked

"ARCA co-transcr", which was co-transcriptionally capped using the ARCA m7G analog)

and used to transfect DCs. The "+C" lane indicates a Rev positive control.

Figure 18 shows 3% non-denaturing agarose gel resolution of secondary PCR

products for Gag cDNA amplified from a primary amplicon made using the Gag Rl 881, Gag

Rl 883 or Gag Rl 884 reverse primer groups together with the Gag forward primer groups

Gag F124, Gag F304 or Gag 334. 1 µL of secondary screen PCR was loaded on. Data on

four samples, HND-023, HND-030, HTM-356, and HND-022 is shown. Primary PCR

reverse primer groups used and the primary PCR primer concentration are indicated on the



top. Each lane within the panel was amplified using the following combination of primary

primers: Lane 1: F124/R1881(or 1883 or 1884); Lane 2 : F304/R1881(or 1883 orl884); Lane

3 : F334/R1881(or 1883 or 1884). Secondary PCR amplification used the Gag T7 F334 primer

group (T7 Gag F334 (SEQ ID NO:59) and T7 Gag F334.1 (SEQ ID NO:60)) together with

the Gag R1881 64T primer group (Gag R l 881 64T (SEQ ID NO:61), Gag R l 881.1 64T

(SEQ ID NO:62) and Gag R l 881.2 64T (SEQ ID NO:63). L: molecular weight marker,

AmpliSize Molecular Ruler 50-2000 bp (BioRad).

Figure 19 shows 3% non-denaturing agarose gel resolution of secondary PCR

products for Gag cDNA amplified with Gag R l 881, Gag R l 883, and Gag R l 884 reverse

primer groups. 1 µL of secondary screen PCR was loaded on gel. Data on two Clade C

samples, IDR-080 and IDR-085 is shown. Primary primer concentration is 0.8 µM. Primary

PCR reverse primer groups used are indicated on the top. Each lane within the panel was

amplified using the following combination of primary primers: Lane 1: Fl 24/Rl 881 (or 1883

or 1884); Lane 2 : F304/R1881(or 1883 or 1884); Lane 3: F334/R1881(or 1883 or 1884). L :

molecular weight marker, AmpliSize Molecular Ruler 50-2000 bp (BioRad).

Figure 20 shows 3% non-denaturing agarose gel resolution of 100 ng of purified

secondary Gag amplicons from three subjects, HTM-356 (Clade B), HND-022 (Clade AG),

and IDR-085 (Clade C). Within each subject, the primary amplification used the Gag R l 881

or Gag R1913 primer group together with the Gag F124, Gag F304 or Gag F334 primer

group. Primary reactions resulting in a positively amplified product(s) of expected size were

amplified in secondary reaction using the Gag T7 F334 primer group together with the Gag

Rl 881 64T primer group L : molecular weight ladder, AmpliSize Molecular Ruler 50-2000 bp

(BioRad).

Figure 2 1 shows 2% denaturing agarose gel resolution of 500 ng of purified Gag IVT

RNA produced from in vitro transcription of secondary amplicons from subjects HTM-356

(Clade B) and IDR-085 (Clade C). Within each subject, the primary amplification used the

Gag R l 881 primer group together with the Gag F 124, Gag F304 or Gag F334 primer groups

(Lane 1); or the Gag R l 884 primer group together with the Gag F124, Gag F304 or Gag F334

primer groups (Lane 2). The secondary amplification used the Gag T7 F334 primer group

together with the Gag R l 88 1 64T primer group L: molecular weight ladder, 0.1-2 kb RNA

ladder (Invitrogen).



Figure 22 shows successful amplification HIV Nef RNA from the plasma of subjects

infected with diverse clades of HIV. Panels A-C show agarose gel resolution of Nef

secondary cDNA amplified from the plasma of patient HTM 367 (Clade B, panel A), ICR-

085 (Clade C, panel B) and HND 022 (Clade AG, panel C). The molecular weight marker in

panels A and B is a 100 bp DNA ladder (Invitrogen). The molecular weight marker in panel

C is the AmpliSize™ DNA ladder (BioRad). After reverse transcription reactions, the cDNAs

were amplified in a primary PCR reaction using following groups: lanel : Nef F8235 forward

primer group together with the Nef R9069 reverse primer group; lane 2: Nef F8343 primer

group together with the Nef R9069 reverse primer group. After the primary PCR reaction the

primary amplicori was amplified with secondary PCR primer groups Nef T7 8343 and Nef

9069 64T. Panel D shows agarose gel resolution of cDNA obtained in preparative scale

secondary PCR reactions corresponding to Gag, Vpr, Rev, and Nef antigens. M : 100 bp DNA

ladder (Invitrogen). The molecular weight of representative DNA bands is indicated on the

left. Panel E shows agarose gel resolution of IVT RNA corresponding to Gag (G), Vpr (V),

Rev (R), and Nef (N) obtained by in vitro transcription using amplified PCR products from

subjects plasma. M: molecular weight RNA ladder (Promega), representative marker sizes

are indicated on the left.

Figure 23 summarizes the productive amplification of Nef, Gag, Rev and Vpr from

30 HIV subjects. Samples were acquired as indicated in various geographical location; nd:

data not available; viral load test was estimated by a clinical laboratory using either the

Amplicor HIV Assay (Roche) or the bDNA assay (Bayer); copy/µL RNA: copy number of

HIV RNA per microliter of purified eluate was calculated base on viral load assay assuming

100% recovery during RNA purification, the number of silica columns use and the volume of

final eluate; copy/µL RT reaction calculated based on previous number.

Figure 24 shows the amplification of HIV Nef quasispesies using the RT-PCR

approach disclosed herein. Panel A : Phylogenetic relationships of cDNA sequences of

isolated full-length Nef clones obtained from the plasma of three subjects with HIV infection.

Products of a secondary PCR reaction for Nef were cloned, screened for the presence of an

insert and sequenced. Sequences of the clones were aligned using Clustal V software and a

phylogenetic tree was built using the MegAlign module of the Lasergene software. Panel B:

Phylogenetic relationships of Nef proteins obtained from nucleotide sequences. Horizontal



scale indicates the number of nucleotide mutations or amino acid substitutions on each clone

relative to neighbor clones.

Figure 25 shows flow cytometry analysis of T cell subsets stimulated by DCs

electroporated with IVT RNA encoding HIV antigens Gag, Rev, Nef and Vpr. Panel A :

CFSE-low cells expressed as a percentage of total PBMCs. DCs electroporated with 4 HIV

antigen-encoding RNAs or eGFP were cultured with CFSE-labeled PBMCs for 6 days.

Frequency of CD8+ CFSE-low cells determined by flow cytometry. Panel B:

CD28/CD45RA phenotype of CD8+ cells induced to proliferate (CFSE-low) by DC

electroporated with 4 HIV antigen-encoding RNAs, as compared to the frequency of CD8+

CFSE-low cells induced by eGFP-RNA loaded control DC; as determined by flow cytometry.

Phenotype of CD8+ CFSE 'low' cells induced with HIV-DC (left) and phenotype of CD8+

CFSE 'low' cells induced with eGFP-DC (right). Panel C: Frequency of IFN-γ positive cells

within the CD8+ CFSE-low subset induced by 4 hr re-stimulation with DC expressing

individual HIV antigen-encoding RNAs, or eGFP control RNA, as determined by

intracellular staining and flow cytometry.

BRIEF DESCRIPTION OF THE SEQUENCE LISTING

SEQ ID NO:1: HIV genome having the accession number NC OO 1802 in the Los Alamos

National Laboratory HIV Sequence Database.

SEQ ID NO:2: Rev F7750 (a Rev forward primer).

SEQ ID NO:3: Rev F7750.1 (a Rev forward primer).

- - SEQ ID NO:4: Rev F7830 (a Rev forward primer). - - - - - -

SEQ ID NO:5: Rev F7830.1 (a Rev forward primer).

SEQ ID NO:6: Rev F7830.2 (a Rev forward primer).

SEQ ID NO:7: Rev F791 1 (a Rev forward primer).

SEQ ID NO:8: Rev F791 1.1 (a Rev forward primer).

SEQ ID NO:9: Rev R8300 (a Rev reverse primer).

SEQ ID NO:10: Rev R8300.1 (a Rev reverse primer).

SEQ ID NO:11: Rev R8300.2 (a Rev reverse primer).

SEQ ID NO:12: Rev T7 F7912 (a Rev forward T7 promoter primer).

SEQ ID NO:13: Rev T7 F7912.1 (a Rev forward T7 promoter primer).

SEQ ID NO: 14: Rev R8300 64T (a Rev 64T reverse primer).



SEQ ID NO:15: Rev R8300.1 64T (a Rev 64T reverse primer).

SEQ ID NO: 16: Rev R8300.2 64T (a Rev 64T reverse primer).

SEQ ID NO:17: REV T7 7912.2 (a Rev forward T7 promoter 9-overlap primer).

SEQ ID NO:18: REV T7 7912.3 (a Rev forward T7 promoter 9-overlap primer).

SEQ ID NO: 19: REV T7 7912.4 (a Rev forward T7 promoter 9-overlap primer).

SEQ ID NO:20: REV T7 7912.5 (a Rev forward T7 promoter 9-overlap primer).

SEQ ID NO:21: REV T7 7912.6 (a Rev forward T7 promoter 9-overlap primer).

SEQ ID NO:22: REV T7 7912.7 (a Rev forward T7 promoter 9-overlap primer).

SEQ ID NO:23: REV T7 7912.8 (a Rev forward T7 promoter 9-overlap primer).

SEQ ID NO:24: REV T7 7912.15 (a Rev forward T7 promoter 16-overlap primer).

SEQ ID NO:25: REV T7 7912.16 (a Rev forward T7 promoter 16-overlap primer).

SEQ ID NO:26: REV T7 7912.17 (a Rev forward T7 promoter 16-overlap primer).

SEQ ID NO:27: REV T7 7912.18 (a Rev forward T7 promoter 16-overlap primer).

SEQ ID NO:28: REV T7 7912.19 (a Rev forward T7 promoter 16-overlap primer).

SEQ ID NO:29: REV T7 7912.20 (a Rev forward T7 promoter 16-overlap primer).

SEQ ID NO:30: Gag F l 24 (a Gag forward primer).

SEQ ID NO:31: Gag F304 (a Gag forward primer).

SEQ ID NO:32: Gag F334 (a Gag forward primer).

SEQ ID NO:33: Gag F334.1 (a Gag forward primer).

SEQ ID NO:34: Gag R l 881 (a Gag reverse primer).

SEQ ID NO:35: Gag R l 881.1 (a Gag reverse primer).

SEQ ID NO:36: Gag R l 881.2-(a-Gag reverse primer). . . . . . .

SEQ ID NO:37: Gag R1913 (a Gag reverse primer).

SEQ ID NO:38: Gag R l 9 13.1 (a Gag reverse primer).

SEQ ID NO:39: Gag R l 9 13.2 (a Gag reverse primer).

SEQ ID NO:40: Gag R l 9 13.4 (a Gag reverse primer).

SEQ ID NO:41: Gag R l 9 13.5 (a Gag reverse primer).

SEQ ID NO:42: Gag R 1883 (a Gag reverse primer).

SEQ ID NO:43: Gag R 1883.1 (a Gag reverse primer).

SEQ ID NO:44: Gag R 1883.2 (a Gag reverse primer).

SEQ ID NO:45: Gag R 1884 (a Gag reverse primer).

SEQ ID NO:46: Gag R 1884.1 (a Gag reverse primer).



SEQ ID NO:47: Gag R 1884.2 (a Gag reverse primer).

SEQ ID NO:48: Gag R 1884.3 (a Gag reverse primer).

SEQ ID NO:49: Nef F8235 (a Nef forward primer).

SEQ ID NO:50: Nef F8235.1 (a Nef forward primer).

SEQ ID NO:51: Nef F8343 (a Nef forward primer).

SEQ ID NO:52: Nef F8343.1 (a Nef forward primer).

SEQ ID NO:53: Nef F8343.2 (a Nef forward primer).

SEQ ID NO:54: Nef F8343.3 (a Nef forward primer).

SEQ ID NO:55: Nef R9069 (a Nef reverse primer).

SEQ ID NO:56: Nef R9069.1 (a Nef reverse primer).

SEQ ID NO:57: Nef R9069.2 (a Nef reverse primer).

SEQ ID NO:58: Nef F8235.2 (a Nef forward primer).

SEQ ID NO:59: Gag T7 F334 (a Gag T7 promoter primer).

SEQ ID NO:60: Gag T7 F334.1 (a Gag T7 promoter primer).

SEQ ID NO:61: Gag Rl 881 64T (a Gag 64T reverse primer).

SEQ ID NO:62: Gag R1881.1 64T (a Gag 64T reverse primer).

SEQ ID NO:63: Gag Rl 881.2 64T (a Gag 64T reverse primer).

SEQ ID NO:64: Nef T7 8343 (a Nef T7 forward primer).

SEQ ID NO:65: Nef T7 8343.1 (a Nef T7 forward primer).

SEQ ID NO:66: Nef 9069 64T (a Nef 64T reverse primer).

SEQ ID NO:67: Nef 9069.1 64T (a Nef 64T reverse primer).

SEQ ID-NO:68: Nef 9069.2 64T (a Nef 64T reverse primer).

SEQ ID NO:69: Query sequence corresponding to a region of Gag.

SEQ ID NO:70: Portion of Rev from IDR-099 clones.

SEQ ID NO:71: portion of Rev from IDR-103 clones.

SEQ ID NO:72: portion of HIV.

SEQ ID NO:73: 5' end of Rev IVT RNAs produced from secondary Rev amplicons made

using a Rev Hi T7 7912 primer group (corresponding to the primers of SEQ ID NO:24-29,

wherein X i is G, X is A, X3 is A, X and X5 are T and X6 = G) together with the Rev 8300

64T primer group.

SEQ ID NO:74: Same as SEQ ID NO:73, except X6 = C (C is substituted for the +3 G).

SEQ ID NO:75: Same as SEQ ID NO:73, except X6 = A (A is substituted for the +3 G).



SEQ ID NO: 76: New HIV primer annealing region shown in Table 13.

SEQ ID NO:77: New HIV primer annealing region shown in Table 13.

DETAILED DESCRIPTION

The invention disclosed herein relates to novel nucleic acid primers for amplification

and/or detection of HIV nucleic acids, and related methods. The practice of the present

invention employs, unless otherwise indicated, conventional techniques of molecular biology

(including recombinant techniques), microbiology, cell biology, biochemistry and

immunology; which are within the skill of the art. Such techniques are explained fully in the

literature. These methods are described in the following publications. See, e.g., Sambrook et

al. Molecular Cloning: A Laboratory Manual, 3rd edition (2001); Current Protocols in

Molecular Biology (F. M. Ausubel et al. eds. (1987)); the series Methods in Enzymology

(Academic Press, Inc.); PCR: A Practical Approach (M. MacPherson et al. IRL Press at

Oxford University Press (1991)); and PCR 2 : A Practical Approach (MJ. MacPherson, B.D.

Hames and G.R. Taylor eds. (1995)).

As used herein, certain terms may have the following defined meanings. The

singular forms "a," "an" and "the" include plural references unless the context clearly dictates

otherwise. For example, the term "a primer" includes a plurality of primers, including

mixtures thereof.

"Amplification" refers to nucleic acid amplification procedures using primers and

nucleic acid polymerase that generate multiple copies of a target nucleic acid sequence. Such

amplification reactions are known to those of skill in the art, and include, but are not limited

to, the polymerase chain reaction ("PCR", see U.S. 4,682,195, 4,683,202 and 4,965,188), RT-

PCR (see U.S. 5,322,770 and 5,310,652) the ligase chain reaction ("LCR", see EP 0 320 308),

NASBA or similar reactions such as TMA described in U.S. 5,399,491 and gap LCR

("GLCR", see U.S. 5,427,202). If the nucleic acid target is RNA, RNA may first be copied

into a complementary DNA strand using a reverse transcriptase (see U.S. 5,322,770 and

5,310,652). An "amplicon" refers to nucleic acids that were synthesized using amplification

procedures.

The term "antigen presenting cells (APC)" refers to a class of cells capable of

presenting one or more antigens in the form of antigen-MHC complex recognizable by



specific effector T cells of the immune system. APCs include, but are not limited to,

macrophages, B-cells and dendritic cells, such as immature dendritic cells, mature dendritic

cells, plasmacytoid dendritic cells, Langerhans cells and artificial antigen presenting cells.

.As used herein, the term "consisting essentially of shall mean excluding other

elements of any essential significance to the combination. Thus, a composition consisting

essentially of the elements as defined herein would not exclude trace contaminants from the

isolation and purification method, biological buffers and pharmaceutically acceptable carriers,

such as phosphate buffered saline, preservatives, etc. When used in the context of a primer,

the term "consisting essentially of means the primer or oligonucleotide shall not have more

than 10 additional nucleotide residues at the 5' end of a referenced sequence, nor more than

10 additional nucleotide residues at the 3' end of a referenced sequence. For example, a

primer consisting essentially of an oligonucleotide of SEQ ID NO:X may have from 0 to 10

additional nucleotides at the 5' end of SEQ ID N0:X, and from 1 to 10 additional nucleotides

at the 3' end of SEQ ID N0:X. Preferably, a primer consisting essentially of a reference

oligonucleotide has no more than 5, 6, 7, 8 or 9 additional nucleotides at each of the 5' and 3'

ends of the reference oligonucleotide. Most preferably, a primer consisting essentially of a

reference oligonucleotide has no more than 1, 2, 3 or 4 additional nucleotides at each of the

5' and 3' ends of the reference oligonucleotide.

As used herein, a composition comprising a primer consisting essentially of an

oligonucleotide selected from the group consisting of: SEQ ID N0:X, SEQ ID NO:Y and

SEQ ID NO:Z, may contain one or any combination of the oligonucleotides of SEQ ID

NO:X, SEQ ID NO:Y and SEQ ID NO:Z, with from 0-to 10 additional nucleotides on either

5' and/or 3' end of each oligonucleotide. The composition itself comprises such primers, and

so may contain additional element as well.

"HIV RNA" includes genomic (viral) HIV RNA and HIV mRNA (spliced or

unspliced), as well as RNA produced by in vitro transcription of HIV amplicons prepared by

the methods of the invention.

"HIV variants" or "variants of HIV" or "HIV strain" refers to any variety of HIV, and

includes, but is not limited to, HIV-I and HIV-2, HIV-I Groups M, N and O, all HIV

subtypes (clades), including HIV-I subtypes A l , A2, B, C, C, Fl , F2, G, H, J and K, variants

of clades, all quasi-species thereof and circulating recombinant forms. As the term "strain" is

used herein, two HIV isolates that differ by a single nucleotide would be considered two



different "strains" of HIV. The term groups is commonly used to refer to the HIV-I lineages

M, N and O. The term subtypes is used to refer to the major clades within a group. There is

further sequence variability within subtypes. Circulating Recombinant Form (CRF) describes

a recombinant lineage, which plays an important role in the HIV pandemic. The CRF

members commonly share a similar or identical mosaic structure i.e., they descend from the

same recombination event(s). Descriptions and maps of CRFs and links to HIV sequences

can be found at hiv.lanl.gov/conteni/hiv-db/CRPs/CRF.htrnl.

The term "isolated" means separated from constituents, cellular and otherwise, in

which the polynucleotide, peptide, polypeptide, protein, antibody, or fragments thereof, are

normally associated with in nature. For example, with respect to a polynucleotide, an

isolated polynucleotide is one that is separated from the 5' and 3' sequences with which it is

normally associated in the chromosome. As is apparent to those of skill in the art, a non-

naturally occurring polynucleotide, peptide, polypeptide, protein, antibody, or fragment

thereof can be isolated, purified, concentrated, etc., but does not require "isolation" to

distinguish it from its naturally occurring counterpart. In addition, a "concentrated",

"separated" or "diluted" polynucleotide, peptide, polypeptide, protein, antibody, or

fragment(s) thereof, is distinguishable from its naturally occurring counterpart in that the

concentration or number of molecules per volume is greater than "concentrated" or less than

"separated" than that of its naturally occurring counterpart. A polynucleotide, peptide,

polypeptide, protein, antibody, or fragment(s) thereof, which differs from the naturally

occurring counterpart in its primary sequence or for example, by its glycosylation pattern,

need not be present in its isolated form since it is distinguishable from its naturally occurring

counterpart by its primary sequence, or alternatively, by another characteristic such as its

glycosylation pattern.

"mRNA" means a translatable RNA. The mRNA will contain a ribosome binding

site and start codon. Preferably, the mRNA will also contain a 5' cap, stop codon and polyA

tail.

"Multiplex polymerase chain reaction" is a variation of PCR in which two or more

target sequences are simultaneously amplified in a single amplification reaction using

multiple pairs of primers. As non-limiting examples, multiplex amplification includes

amplification reactions of different genes, different alleles of a single gene and/or different

fragments of a single gene. Methods for optimizing multiplex PCR conditions are disclosed



in Abravaya et al. J Clinical Microbiol 2000 38:716-723; Kremer at al. J Clin Microbiol 2004

42:3017-3022; Garcia-Canas et al. Electrophoresis 2004 25:2219-2226; and Markoulatos et

al. J Clin Lab Anal 2003 17:108-12, the contents of which are incorporated by reference.

The terms "polynucleotide", "nucleic acid" and "nucleic acid molecule" are used

interchangeably to refer to polymeric forms of nucleotides of any length. The

polynucleotides may contain deoxyribonucleotides, ribonucleotides, and/or their analogs.

Polynucleotides may have any three-dimensional structure, and include single-stranded,

double-stranded and triple helical molecules, a gene or gene fragment, exons, introns, mRNA,

tRNA, rRNA, ribozymes, cDNA, recombinant polynucleotides, branched polynucleotides,

plasmids, vectors, isolated DNA of any sequence, isolated RNA of any sequence, nucleic

acid probes, and primers. In addition to a native nucleic acid molecule, a nucleic acid

molecule of the present invention may also comprise modified nucleic acid molecules.

By "primer" is meant an oligonucleotide of 9 to 150 nucleotides in length that can be

used in an amplification reaction. A primer can be used for purposes other than amplification,

such as reverse transcription, hybridization, detection, etc. By "forward primer" is meant a

primer that can be extended by a RNA polymerase or DNA polymerase into a nucleic acid

that corresponds to the sequence of a sense strand or translated mRNA. By "reverse primer"

is meant a primer that can be extended by a RNA polymerase, reverse transcriptase or DNA

polymerase into a nucleic acid that is complementary to the sense strand or translated mRNA.

"Primer pair" refers to forward and reverse primers that can be used in amplification

reactions to produce an amplicon.

The term "RNA" refers to polymeric forms of ribonucleotides of any length, wherein

the ribonucleotides or ribonucleotide analogs are joined together by phosphodiester bonds.

The term "RNA" includes, for example, single-stranded, double-stranded and triple helical

molecules, primary transcripts, mRNA, tRNA, rRNA, in vitro transcripts, in vitro synthesized

RNA, branched polyribonucleotides, isolated RNA of any sequence, and the like.

Improved HIV Rev primers, kits and amplification methods

As discussed above, commonly owned PCT publication WO2006/03 1870 discloses

successful RT-PCR amplification of HIV Clade B RNA encoding Gag, Vpr, Rev, and Nef

antigens. Primers disclosed in WO2006/031870 for amplification of Rev nucleic acids are

reproduced in part in Table 1. The sequences of the primers in Table 1 were based on



analysis of all 367 HIV genome sequences contained in the Los Alamos HIV database

(www.hiv.lanl.gov/content/index) at the time of their design. The numbers in the primer

names correspond to the position of their 5' nucleotide with respect to the HIV genome

having accession number NC_001802 in the Los Alamos National Laboratory HIV Sequence

Database (SEQ ID NO:1). An "F" or "T7" in a primer name designates a forward (sense

strand) primer, while an "R" or "64T" in a primer name designates a reverse (antisense

strand) primer.

The full length Rev mRNA is formed in the course of a trans-splicing reaction, which

is not possible to reproduce in vitro. Since exon 2 of Rev is larger than exon 1, primers were

to amplify exon 2 only. An ATG translational initiation codon was introduced in a context of

secondary nested forward primer (see the underlined ATG sequence in Rev F7912 primers

shown in Table 1).

Table 1*: Rev primers disclosed in WO2006/031870



Nucleotides in upper case are complementary to predominant sequence within the region of interest.

Nucleotides in lower case indicate compensatory point mutations complementary to described

mutations within target region. The protein translation start codon ATG in T7 Rev F7912 is underlined.

In one Rev amplification protocol described in WO2006/03 1870 and schematically

shown in Figure 1, HIV viral RNA was isolated from patient serum and Rev cDNA was

produced from the viral RNA by reverse transcription. The Rev cDNA was then amplified in

three separate primary polymerase chain reactions (PCRs) using one of the following three

forward and reverse primer group combinations: 1) the Rev F7750 primer group with the

Rev R8300 primer group, 2) the Rev F7830 primer group with the Rev R8300 primer group

and 3) the Rev F791 1 primer group with the Rev R8300 primer group. An aliquot of the

amplified cDNA from each primary PCR was amplified in a secondary PCR using forward

primer group Rev T7 7912 and reverse primer group Rev R8300 64T. cDNA produced by

the secondary PCR was then used as a template for in vitro transcription (IVT) to produce a

Rev IVT mRNA. Transfection of dendritic cells with the Rev IVT mRNA resulted in

expression of Rev protein in the transfected DC, antigen processing and presentation.

However, the present inventors observed that this amplification protocol did not produce

optimal amplification of Rev cDNA from the plasma of patients infected with Clade C HIV.

Analysis of the Rev primers in Table 1 using the Primalign module of the Los

Alamos HIV database, which had expanded to contain 625 sequences as of June 2006,

showed that the homology of HIV sequences to primer groups Rev F 7750, Rev F 7830, Rev

F 791 1, Rev R 8300, and Rev R 8300 64T was preserved despite the introduction of many

new HIV genomes into the Los Alamos database since the design of these primers in 2004.

However, the sequences of non-Clade B genomes corresponding to the Rev 7912 region were

divergent from the Rev T7 7912 primers listed in Table 1.

Based on this analysis, two novel groups of Rev T7 7912 secondary primers,

designated Rev T7 7912 9-overlap primers and Rev T7 7912 16-overlap primers, were

designed to include prevalent mutations found in non-Clade B HIV genomes. The new

primers and primer groups are listed in Table 2. The "9-overlap" and "16-overlap"

nomenclature refers to the number of nucleotides of the primer that anneal to HIV genome

( i.e., there are nine nucleotides at the 3' end of Rev T7 9-overlap primer that anneal to HIV

viral template, sixteen nucleotides at the 3' end of Rev T7 16-overlap primer that anneal to

HIV viral template).



Table 2 : Novel Rev primers



"Nucleotides in regular font represent the HIV consensus sequence within the region of interest.

Nucleotide in lower case indicate point mutations of HIV sequences cataloged in the Los Alamos

database. The protein translation start codon (ATG) present in the T7 Rev F 7912 primer groups is

represented by a solid underline. The T7 promoter sequence is shown with a dotted underline. When

Xi through X5 are absent, the -17 to +6 consensus sequence of the T7 promoter is present (when X6

=G), wherein X5 corresponds to position -17 of the T7 promoter. When X = G, X2 =A, X3= A, and X4

and X5= T, the -22 to +6 of the T7 promoter is present, wherein X1through X5 corresponds to position

-22 to -18 of the T7 promoter. X6 can be G, A, C or T). The "9-overlap" and "16 overlap" portion of

these sequences are shown with a wavy underline.

The new primer groups were tested by amplification of Rev from HIV non-Clade B

patient samples. The Rev T7 7912 9-overlap and 16-overlap primer groups (wherein Xi

through X5 are absent and X6 = G), when combined with the Rev R8300 64T primer group,

showed a substantial improvement in the secondary amplification and purity Rev non-Clade

B cDNA in comparison to the Rev T7 F7912 primer group shown in Table 1. The Rev

cDNA produced by these secondary amplifications was efficiently transcribed in vitro to

produce IVT RNA. The expression of Rev protein encoded by the IVT RNA was examined

in both in vitro and in vivo translation systems; and Western blot analysis confirmed the

identity of Rev protein. The new Rev secondary PCR primers were tested with Clade B

samples, and the results demonstrate that the new primers work as well as if not better for

amplification from plasma infected with Clade B HIV. Accordingly, the Rev T7 7912 9-

overlap primers and the Rev T7 7912 16-overlap primers are useful for universal

amplification and/or detection of all HIV Rev nucleic acids.

Additional modifications to the Rev T7 7912 9-overlap and 16-overlap primers

further improved transcriptional or translational expression. For example, the addition of the

-22 to -18 sequence (GAATT) of the T7 promoter to the 5' end of the new primer groups

improves efficiency of transcription of Rev IVT RNA from the Rev cDNA template

produced by amplification using such primers. In Rev T7 7912 9-overlap and 16-overlap

primers shown in Table 2 above, when nucleotides Xi through X5 are absent, the -17 to +6

sequence of the T7 promoter is present. When X i is G, X is A, X3 is A and X4 and X5 are T,

the -22 to +6 sequence of the T7 promoter is present.

Substitution of the G nucleotide at the +6 position of the T7 promoter for any other

nucleotide (A, C or T) improves both the in vitro and in vivo translational efficiency of Rev

IVT RNA transcribed from cDNA amplified using primers with this substitution. The +6



position of the T7 promoter shown by dashed underline in the Rev T7 7912 9-overlap and 16-

overlap primers listed in Table 2 is represented by nucleotide X6, which can be A, C, T or G.

Accordingly, in one aspect, the invention provides a composition, comprising at least

one or a combination of Rev T7 promoter primers selected from the group consisting of:

X,X 2X 3X4X 5TAATACGACTCACTATAGGX 6AGACCACCATGGACCCACCTCC

CAACC (SEQ ID NO:24),

X 1X 2X 3X 4X 5TAATACGACTCACTATAGGX 6AGACCACCATGGACCCACCTCC

CAGCC (SEQ ID NO:25),

XIX 2X 3X 4X 5TAATACGACTCACTATAGGX 6AGACCACCATGGACCCACCTCC

CAGTT (SEQ ID NO:26),

X 1X 2X 3X 4X 5TAATACGACTCACTATAGGX 6AGACCACCATGGACCCTTACCC

CAACC (SEQ ID NO:27),

X IX 2X 3X 4X 5TAATACGACTCACTATAGGX 6AGACCACCATGGACCCTTACCC

CAAAC (SEQ ID NO:28),

XIX 2X 3X 4X 5TAATACGACTCACTATAGGX 6AGACCACCATGGACCCTTACCC

CAAGC (SEQ ID NO:29),

X ,X 2X 3X 4X 5TAATACGACTCACTATAGGX 6AGACCACCATGTCAGACCCACC

T (SEQ ID NO: 17),

X iX 2X 3X 4X 5TAATACGACTCACTATAGGX 6AGACCACCATGTCAGACCCGCC

T (SEQ ID NO: 18),

X iX 2X 3X 4X 5TAATACGACTCACTATAGGX 6AGACCACCATGTCAGACCCTCC

-T (SEQ ID NO: 19), - -

X 1X 2X 3X 4X 5TAATACGACTCACTATAGGX 6AGACCACCATGTCAGACCCATA

C (SEQ ID NO:20),

X IX 2X 3X 4X 5TAATACGACTCACTATAGGX 6AGACCACCATGTCAGATCCATA

C(SEQIDNO:21),

X IX 2X 3X 4X 5TAATACGACTCACTATAGGX 6AGACCACCATGTCAGACCCTTA

C (SEQ ID NO:22), and

X 1X 2X 3X 4X 5TAATACGACTCACTATAGGX 6AGACCACCATGTCAGACCCCTA

C(SEQIDNO:23);

Wherein X6 is G, A, C or T; and either Xi is G, X is A, X3 is A and X4 and X5 are T,

or each of Xi through X are absent.



In one embodiment, the composition comprises a combination of at least two,

preferably at least three, four, five or six, Rev T7 F7912 16-overlap primers selected from the

group consisting of SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:27, SEQ

ID NO:28 and SEQ ID NO:29. In another embodiment, the composition comprises a

combination of at least two, preferably at least three, four, five, six or seven of the Rev T7

F7912 9-overlap primers selected from the group consisting of SEQ ID NO: 17, SEQ ID

NO: 18, SEQ ID NO: 19, SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22 and SEQ ID NO:23.

For amplification of HIV nucleic acids, any of the Rev T7 primer compositions can be

combined with a Rev reverse primer or primers, such as, but not limited to, one or more Rev

R8300 64T primers selected from the group consisting of SEQ ID NO: 14, SEQ ID NO: 15

and SEQ ID NO: 16.

Accordingly, in one embodiment, the invention provides a composition comprising:

a) at least one or a combination of Rev T7 7912 forward primers selected from

the group consisting of SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19,

SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23, SEQ ID

NO:24, SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:27, SEQ ID NO:28

and SEQ ID NO:29; and

b) at least one or a combination of Rev R8300 64T reverse primers selected

from the group consisting of SEQ ID NO: 14, SEQ ID NO: 15 and SEQ ID

NO:16.

Kits comprising the above forward and reverse primer compositions are provided,

wherein the kit further comprises dNTPs, a buffer (IX or concentrated) suitable for

amplification and/or a thermostabile DNA polymerase. In addition, the kit may also contain

a reverse transcriptase and/or non-infectious HIV control templates for amplification. The

kits are useful for the identification and quantitation of pathogen variants and for preparation

of vaccines.

In another embodiment, the invention provides a method for amplifying an HIV Rev

nucleic acid, comprising carrying out a polymerase chain reaction using at least one or a

combination of Rev T7 7912 forward primers selected from the group consisting of SEQ ID

NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO:20, SEQ ID NO:2 1, SEQ ID NO:22,

SEQ ID NO:23, SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:27, SEQ ID



NO:28 and SEQ ID NO:29; and at least one or a combination of Rev R8300 64T reverse

primers selected from the group consisting of SEQ ID NO: 14, SEQ ID NO: 15 and SEQ ID

NO:16.

Improved HIV Gagprimers, kits and amplification methods

PCT publication WO2006/031870 discloses a scheme for amplification of HIV Gag

cDNA utilizing a combination of three primary forward groups of primers and two primary

reverse groups of primers. The combination of each forward primer group with each reverse

primer group results in six primary Polymerase Chain Reaction (PCR) amplification reactions

(Figure 2). The sequences of the Gag forward and reverse primers designated in Figure 2

are shown in Table 3.

Table 3

Sequences of Selected Gag primers Disclosed in WO2006/031870

The nucleotides in upper case font are complementary to the most common sequence within the HIV

region of interest. The nucleotides in lower case font are complementary to mutations found within

target region.



The present inventors found that amplification of HIV Clade C Gag nucleic acids was

not always optimal when using the Gag R l 881 primer group with any of the Gag F124, Gag

F304 or the Gag F334 primer groups. This could be due to the GC nucleotides present at

both the 5' and 3' ends of each primer in the Gag R l 881 primer group, which may allow the

primers to form relatively stable homodimer structures. In order to eliminate the possibility

of stable primer dimer formation, two new primer groups, the Gag R l 883 primer group and

the Gag R l 884 primer group (see Table 4), were designed to move the primer annealing site

downstream two or three nucleotides so that the GC sequences excluded from the 5' and 3'

ends of the primers (see Figure 3). In addition, primer Gag R l 884.3 contains degenerate

mutations that are compensatory to Clade C sequences (Figure 3) in order to allow for

efficient amplification of more HIV genomes, including Clade C.

Table 4

Novel Reverse Primers for Amplification of Gag Nucleic Acids

Nucleotides in upper case are complementary to predominant sequence within the region of interest.

Nucleotides in lower case indicate compensatory point mutations complementary to mutations within

target region.

Both the Gag R l 883 and Gag R l 884 primer groups were tested with multiple subjects

and demonstrated an enhanced amplification pattern as compared with Gag R l 881 at the



same concentrations. Accordingly, in one aspect, the invention provides a composition

comprising a Gag reverse primer selected from the group consisting of SEQ ID NO:42, SEQ

ID NO:43, SEQ ID NO:44, SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO:47 and SEQ ID

NO:48, or any combination thereof.

In one embodiment, a Gag Rl 883 reverse primer composition comprises SEQ ID

NO:42, SEQ IDNO:43 and SEQ ID NO:44. In another embodiment, a Gag Rl 884 reverse

primer composition comprises SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO:47 and SEQ ID

NO:48. The Gag Rl 884 primer group (SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO:47 and

SEQ ID NO:48) is preferred over the Gag Rl 883 primer group due to slightly better

performance in Clade B, more noticeable improvement in C subjects, and theoretical broader

coverage of quasispecies.

The Gag R l 883 primers and the Gag Rl 884 primers of the invention can be combined

with Gag forward primers in order to amplify Gag nucleic acids. Accordingly, in one

embodiment, the invention provides a composition comprising:

a) a Gag reverse primer selected from the group consisting of SEQ ID NO:42,

SEQ ID NO:43, SEQ ID NO:44, SEQ ID NO:45, SEQ ID NO:46, SEQ ID

NO:47 and SEQ ID NO:48, or any combination thereof; and

b) a Gag forward primer selected from the group consisting of SEQ ID NO:30,

SEQ ID NO:31, SEQ ID NO:32 and SEQ ID NO:33, or any combination

thereof.

- - -Preferred Gag primer compositions comprise the Gag R l 884 primer group (SEQ ID

NOs:45-48) with Gag F124 (SEQ ID NO:30); or the Gag Rl 884 primer group with Gag F304

(SEQ ID NO:31); or the Gag Rl 884 primer group with the Gag F334 primer group (SEQ ID

NO:32-33). Alternatively, the Gag reverse primer group Rl 883 (SEQ ID NOs:42-44) can be

combined with any of the foregoing Gag forward primers or primer groups. The Gag primers

and Gag primer groups of the invention are useful for amplification and detection of HIV

Gag nucleic acids.

The invention further provides a kit comprising:

a) a Gag reverse primer selected from the group consisting of SEQ ID NO:42,

SEQ ID NO:43, SEQ ID NO:44, SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO:47 and

SEQ ID NO:48 or any combination thereof;



b) a Gag forward primers selected from the group consisting of SEQ ID

NO:30, SEQ ID NO:31, SEQ ID NO:32 and SEQ ID NO:33, or any combination

thereof; and

c) dNTPs, a buffer suitable for amplification and/or a thermostabile DNA

polymerase.

The kit may also contain a reverse transcriptase and/or non-infectious HIV control

templates for amplification. The kits are useful for the identification and quantitation of

pathogen variants and for preparation of vaccines.

In another embodiment, the invention provides a method for amplifying an HIV Gag

nucleic acid, comprising carrying out a polymerase chain reaction using at least one or a

combination of Gag forward primers selected from the group consisting of SEQ ID NO:30,

SEQ ID NO:31, SEQ ID NO:32 and SEQ ID NO:33; and at least one or a combination of

Gag reverse primers selected from the group consisting SEQ ID NO:42, SEQ ID NO:43, SEQ

ID NO:44, SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO:47 and SEQ ID NO:48.

Novel Nef primer and amplification methods

PCT publication WO2006/031870 discloses Nef forward primer group F8235 and Nef

reverse primer group R9069, which are useful for the amplification and detection of Nef

nucleic acids. The sequences of the primers in these groups are shown in Table 5.



TABLE 5

NEF Primer Groups Disclosed in PCT publication WO2006/031870

Nucleotides in upper case are complementary to predominant sequence within the region of interest.

Nucleotides in lower case indicate compensatory point mutations complementary to mutations within

target region.

The present inventors have discovered that amplification of Nef sequences is

enhanced by the addition of a novel HIV Nef forward primer, Nef F8235.2 (5'

TAGCTGgct GGACAGATAG(SEQ ID NO:58)) to the Nef F8235 primer group shown in

Table 5 .

Accordingly, in one embodiment, the invention provides a composition comprising

the Nef F8235.2 forward primer of SEQ ID NO:58. In another embodiment, the invention

provides a Nef forward primer composition comprising SEQ ID NO:49, SEQ ID NO:50 and

SEQ ID NO:58. In order to amplify Nef nucleic acids, these Nef forward primers can be

combined with the Nef R9069 reverse primers.

Thus, in another aspect, the invention provides a composition comprising:

a) the Nef F8235 primers of SEQ ID NO:49, SEQ ID NO:50 and SEQ ID

NO:58; and



b) at least one or a combination of the Nef R9069 primers of SEQ ID NO: 55,

SEQ ID NO:56 and SEQ ID NO:57.

In another embodiment, the invention provides a method for amplifying an HIV Nef

nucleic acid, comprising carrying out a polymerase chain reaction using at the Nef F8235

forward primers of SEQ ID NO:49, SEQ ID NO:50 and SEQ ID NO:58, together with at least

one or a combination of Nef R9069 reverse primers selected from the group consisting SEQ

ID NO:55, SEQ ID NO:56 and SEQ ID NO:57.

HIV polynucleotides are the template or the source of the template for reverse

transcription and/or amplification of the nucleic acids encoding one or more HIV antigens or

epitopes. The HIV polynucleotide may be either DNA or RNA. Non-limiting examples of

HIV DNAs include HIV integrated provirus DNA, HIV cDNA present in a cell prior to viral

integration into the host genome, HIV cDNA made in vitro by reverse transcription,

amplified HIV DNA, cloned HIV DNA, etc. HIV DNA can be used directly as a template for

amplification according to the methods of the invention. HIV RNA includes, but is not

limited to, HIV viral genomes (e.g., viral RNA isolated from viral particles or from host cells

during viral replication), HIV primary RNA transcripts, HIV spliced mRNA, IVT RNA, etc.

In a preferred embodiment, HIV genomic RNA is isolated from HIV virions, such as

those present in blood or serum. HIV RNA can be reversed transcribed to produce a cDNA,

which can then serve as a template for nucleic acid amplification. The open reading frames

of env and rev partially overlap in the HIV genome, and in the normal course of HIV

expression, the first and second rev exons in the rev-primary RNA transcript are spliced to -

result in a processed rev mRNA. Because the preferred HIV template is HIV genomic RNA,

it is most practical to amplify the first or second exon of Rev, rather than the entire rev gene,

which is only completely in-frame after splicing.

In one embodiment, the HIV polynucleotide is from, or is derived from, multiple HIV

variants present in an infected individual. In this context, by "derived from" is meant that the

nucleic acid is at least partially purified from the virion or cell(s) containing pathogen nucleic

acid, or that the nucleic acid is reverse transcribed or amplified from pathogen nucleic acid.

By deriving the nucleic acid from multiple HIV variants present in an individual, the

amplified nucleic acid and or IVT RNA, or an antigen presenting cell transfected (loaded)

with the amplified nucleic acid or IVT RNA, can elicit an immune response to potentially all



of the variants of HIV present in an individual. In addition, the DNA can be sequenced in

order to identify the variants of HIV present in a sample or a patient.

Methods for isolating integrated HIV DNA, HIV genomic RNA and HIV mRNA

from an infected individual are known to those skilled in the art. Preferably the HIV nucleic

acid is isolated or derived from a biological sample from an individual infected with HIV

who will be treated with a vaccine comprising an mRNA prepared by in vitro transcription of

a nucleic acid amplified using the methods of the invention. "Biological sample" as used

herein, refers to any biological sample that may contain HIV, HIV-infected cells or HIV

nucleic acid, and includes, but is not limited to, blood, plasma, serum, peripheral blood

mononuclear cells (PBMC), seminal fluid, vaginal secretions, ocular lens fluid, cerebral

spinal fluid, saliva, milk, ascites fluid, synovial fluid, peritoneal fluid, amniotic fluid, tissue,

tissue culture and the like.

Preferably, HIV virions containing HIV genomic RNA are isolated from blood or

serum. For autologous therapeutic applications, the HIV virions are preferably present at a

copy number of at least 15,000/mL of patient serum. The genomic RNA obtained from the

virions can be subjected to reverse transcription to produce an HIV cDNA. Methods of

isolating HIV virions from infected patients, as well as methods of making cDNA are known

to those skilled in the art. Reverse transcription of HIV RNA can be primed using random

hexamers or HIV specific oligonucleotide primers. The HIV cDNA can then be used as a

template for amplification of HIV sequences.

DNA amplified from a pathogen template or cDNA copy thereof in a first PCR (or

other amplification reaction) is referred to as a "primary amplicon". The primary amplicon

produced by the methods of the invention can be used in a nucleic acid vaccine without

further modifications. Alternatively, the primary amplicon can be inserted into an expression

cassette, expression vector or viral vector for use in a nucleic acid vaccine, viral vaccine or

for loading into APCs. In a preferred embodiment, the primary DNA amplicon is modified to

function as a template for in vitro transcription. Such methods are known to those of skill in

the art. The primary and secondary amplicons of the invention and IVT RNA produced

therefrom can be used directly as nucleic acid vaccines or transfected into cells (e.g., antigen

presenting cells) for use as an immunotherapeutic. Methods for formulating and delivering

nucleic acid vaccines to a subject are known to those of skill in the art. See, for example,

Scheel et al. Eur. J. Immunol. (2204) 34:537-547; Hoerr et al. (2000) Eur. J. Immunol. 30:1-



7; Liu et al. (2002) Vaccine 20:42-48; Riedl et al. (2002) J . Immunol. 168:4951 ; Riedel et al.

(2004) J . MoI. Med. 82:144; U.S. 5,783.567; U.S. 6,603,998; EP0880360; EP1083232.

Routes of administration include, but are not limited to, topical delivery, electroporation of

the skin, as well as cutaneous, subcutaneous, intradermal, mucosal and intramuscular

administration and the like. Methods of making antigen presenting cell

vaccines/immunotherapeutics are known to those of skill in the art. See, for example, U.S.

5,853,719, WO2006/031870, U.S. Pub. No. 2007/0082400 and WO2006/127150, the

contents of which are incorporated by reference.

In a preferred embodiment, the primary amplicon is subjected to a second round of

amplification using nested primers containing transcription and translation signals suitable for

either expression in vitro and/or expression in vivo. The second amplification reaction is also

referred to as secondary amplification, secondary PCR, etc., and produces a secondary

amplicon. Preferably, the primary amplicon is subjected to a second round of amplification

using a forward nested primer containing a promoter suitable for in vitro transcription (such

as the T7 or SP6 promoter) and an optimized Kozak sequence including an ATG codon; in

combination with a reverse nested primer containing a complement of a translational stop

codon and a polyT tail. The secondary amplicon resulting from the nested round of

amplification can be used as a template for in vitro transcription to produce IVT RNA.

Preferably, the IVT RNA is capped and further polyadenlyated. The resulting capped and

polyadenylated mRNA can then be used in a nucleic acid vaccine, or to load antigen

presenting cells, which can then be used as a vaccine (cellular immunotherapeutic).

- Methods for capping-and polyadenylating RNA are known to those of skill in the art.

For example, the mRNA can be cotranscriptionally capped in the presence of m7G cap or an

analogue thereof, such as ARCA (see U.S. 2003/0194759) or post-transcriptionally capped.

In preferred embodiments, the mRNA is polyadenylated. In one embodiment, polyA tails are

added by amplification with a reverse primer containing a 5' polyT tract. Subsequent

transcription (in vitro or in vivo) results in an mRNA containing a polyA tails. Alternatively,

or in addition, polyA can be added post transcription by a polyadenylation reaction.

Preferred polyA tail lengths are in the range of 50-1000 nucleotides, more preferably 64-900

nucleotides, and most preferably 101-600 nucleotides.

In one non-limiting example, HIV RNA isolated from virions is reverse transcribed

into single-stranded cDNA using a reverse transcriptase, appropriate reaction buffers, and



random hexamers. The single-stranded cDNA is then amplified to produce a double-stranded

DNA (primary amplicon) in a primary PCR reaction using multiplex primers. The primary

amplicon product from this primary PCR reaction is then used as a template for a secondary

PCR with nested primers to produce a secondary amplicon. In this secondary round of

amplification, the forward primer(s) preferably contain a 5' overhang comprising T7 RNA

polymerase binding sequences, while the reverse primer(s) preferably contains a 5' overhang

with poly T stretches. ("Overhang" refers to 5' regions of the secondary primers that do not

hybridize with the primary amplicon.) The modifications introduced by overhanging regions

in a nested round of PCR enable transcription of the PCR product in vitro and successful

translation upon delivery of the IVT RNA into cells (e.g., antigen presenting cells, such as

dendritic cells). The process can be interrupted after either step of PCR amplification and

PCR products can be stored (preferably frozen) for further processing. Purification of cDNA

material (e.g., initial cDNA produced by reverse transcription, primary and secondary

amplicons) can be performed using the QIAquick® PCR Purification Kit components

(QIAquick® Columns, PB buffer, PE buffer, and EB buffer). The secondary amplicon, a

double-stranded DNA, can be used as a template in an in vitro transcription reaction.

Preferably, the IVT RNA is capped and polyadenylated. The capping can be performed

^transcriptionally or post-transcriptionally. Clean-up of the in vitro-transcribed RNA can be

performed using components in the RNeasy® Kit (RNeasy® Column, RLT buffer, and RPE

buffer). The RNA is eluted in nuclease-free water. (If desired, the RNA can be concentrated

by ethanol precipitation and re-suspended in nuclease-free water.) The IVT RNA is

preferably passed through a 0.8/0.2 µm polyethersulfone (PES) filter, dispensed into 0.5 mL

safe-lock polypropylene tubes, and cryopreserved at < -150°C for long-term storage.

Capped and polyadenylated HIV IVT RNAs made using the primers and methods of

the invention can be transfected into dendritic cells or other antigen presenting cells, either in

vitro or in situ. Such in vitro transfected antigen presenting cells can then be used as a

vaccine. Alternatively, capped and polyadenylated RNA can be translated in vitro to produce

proteins that can be loaded into antigen presenting cells in vitro, or used directly in a vaccine.

Thus, in another embodiment, the invention provides a method of loading an antigen

presenting cell, comprising contacting an antigen presenting cell with an RNA produced by

the method of the invention.



The antigen presenting cells can be made by and in the mammalian subject, or can be

derived from cells isolated from the mammalian subject. In a preferred embodiment, the

antigen presenting cell is a dendritic cell. The term "dendritic cells (DC)" refers to a diverse

population of morphologically similar cell types found in a variety of lymphoid and non-

lymphoid tissues (Steinman (1991) Ann. Rev. Immunol. 9:271-296) or derived from dendritic

cell precursors in vitro. Dendritic cells are the most potent of the APCs, and provide the

signals necessary for T cell activation and proliferation. Dendritic cells can be derived from

bone marrow progenitor cells, circulate in small numbers in the peripheral blood and appear

either as immature Langerhans' cells or terminally differentiated mature cells. Preferably,

dendritic cells are differentiated from monocytes. Methods for the isolation of antigen

presenting cells (APCs), and for producing dendritic cell precursors and mature dendritic

cells are known to those skilled. See, for example, Berger et al. J . Immunol. Methods 2002

268:131-140, U.S. Patent Applications 20030199673, 20020164346 and 60/522,512, and WO

93/20185. In a some embodiments, dendritic cells are prepared from CD14+ peripheral

blood monocytic cells (PBMCs) by methods described in Romani et al. (J. Exp. Med. 1994

180:83-93), Sallusto et al. (J. Exp. Med. 1994 179:1 109-1 118), WO2006/031870, U.S. Pub.

No. 2007/0082400 and WO2006/127150, the contents of which are incorporated by reference.

Alternatively, dendritic cells can be prepared from CD34+ cells by the method of Caux et al.

(J. Exp. Med. 1996 184:695-706).

Methods for loading antigen presenting cells are known to those of skill in the art, and

include, but are not limited to, electroporation, passive uptake, lipofection, cationic reagents,

viral transduction, CaPO4 and-the like.- See, for example, PCT/US05/22705 and U.S. Ser. No.

60/583,579; U.S. Pub. No. 2007/0082400; 2003/0143743; U.S. Pub. No. 2005/0008622; U.S.

Pub. No. 2004/0235175; and U.S. Pub. No. 20040214333. In preferred embodiments, the

antigen presenting cells are loaded with both CD40L mRNA and RNA encoding multiple

strains of HIV polypeptides.

In a further embodiment, antigen presenting cells are loaded with polypeptides made

by in vitro translation of the RNAs encoding pathogen polypeptides from multiple strains of a

pathogen. The pathogen polypeptides may be loaded into antigen presenting cells with

CD40L mRNA. Dendritic cells can be loaded in vitro when mature or immature. Loaded

immature dendritic cells can be matured in vitro prior to vaccination or in vivo (with or

without an exogenous maturation stimulus) following vaccination. Alternatively, nucleic



acids can be delivered to antigen presenting cells in situ. See, for example Liu et al. (Vaccine

2002 20:42-48), Lisziewics et al. (Vaccine 2003 2 1:620-623), O'Hagen (Curr Drug Targets

Infect Disord 2001 1:273-286) and U.S. 7,015,204.

Preferably, the antigen presenting cell in the above composition is a dendritic cell.

The loaded dendritic cell can then be used as a vaccine to treat the pathogen infection in a

patient. Preferably, the pathogen and antigen presenting cell (e.g., dendritic cell) are

autologous to the treated patient.

Methods of isolating, preparing, transfecting, formulating and administering antigen

presenting cells to patients is known in the art. See, for example, Fay et al. Blood 2000

96:3487; Fong et al. J . Immunol. 2001b 166:4254-4259; Ribas et al. Proc Am Soc Clin One

2001 20:1069; Schuler-Thurner et al. J. Exp. Med. 2002 195:1279-88. Erratum in: J . Exp.

Med. 2003 197:395; and Stift et al. J . Clin. Oncol 2003 2 1: 135-142.

The following examples are intended to illustrate, rather than to limit, the invention.

It also is to be understood, although not always explicitly stated, that the reagents described

herein are merely exemplary and that equivalents of such are known in the art.

EXAMPLES

METHODS

Isolation of HIV RNA from patient plasma samples

HIV viral RNA was isolated from 1 to 3 mL of archived frozen plasma of HIV

patients using a NucliSens™ kit (BioMerieux), according to the manufacturer's instructions.

(Plasma samples were kindly provided by Dr. Rafick Pierre-Sekaly).

Formulation of HlV Primer Groups

Each individual primer was HPLC-purified and reconstituted at a concentration of

100 mM. The Rev primer groups were formulated as follows, using the indicated volume of

100 mM primer stock:





The Gag primer groups were formulated as follows, using the indicated volume of

100 mM primer stock:





The Nef primers were formulated as follows:



Reverse Transcription

HIV viral RNA isolated from the plasma of HIV patients was used as a template for

reverse transcription. The GAG R l 9 13 primer group (SEQ ID Nos: 37-41) was used for

reverse transcription of Gag RNA. (However, in one embodiment (data not shown), an Oligo

dT(20)primer was used for reverse transcription of HIV RNA to produce a Gag cDNA,

wherein the oligo dT primer hybridizes to an internal polyA sequence downstream of Gag.)

The REV 8300 RT primer group (SEQ ID Nos:9-1 1) were used for reverse transcription of

Rev RNA. An Oligo dT(2 ) primer was used for reverse transcription of Nef RNA. Each 20

µL reverse transcription reaction contained < 10 µL Patient RNA, 1 µL of 20 µM reverse

primers or oligo dT(20), 1 µL dNTPs (10 mM each), and water to bring the total volume to 12

µL. The RNA/primer mix was incubated at 65°C for 5 minutes, briefly centrifuged, and then

placed on ice at least 1 minute. 8 µL of a 1st stand synthesis reaction reaction mix

(containing 4 µL 5x 1st strand buffer (Invitrogen Superscript III), 1 µL 100 mM DTT, 1 µL

RNaseout (40 U/µL, Invitrogen) and 2 µL Superscript III (200 U/µL, Invitrogen) was added

to the RNA/primer mix, the reaction was mixed, briefly centrifuged and incubated at 55°C for

60 minutes then 7O°C for 15 minutes, arid then briefly centrifuged.

HIV Primary PCR amplifications to produce primary amplicons

Rev primary PCR reactions contained 5 µL PFU 10x buffer (Stratagene), 0.4 µL 100

mM dNTPs, 2 µL PFU Ultra Hotstart™ polymerase (2.5 U/µL, Stratagene), 1 µL of a Rev

primary forward primer group (e.g., Rev F7750, Rev F7830 or Rev F791 1), 1 µL of the Rev

R8300 reverse primer group, 2.5 µL of the cDNA template produced by reverse transcription,

and 38.1 µL MiIIiQ water. This PCR reaction was vortexed, quickly centrifuged, denatured

at 95°C for 2 minutes, and then subjected to 40 cycles of 95°C for 30 seconds, 54°C for 30

seconds, 72°C for 2 minutes. After 40 PCR cycles, the reaction was allowed to elongate at

72°C for 10 minutes and then stored at 4°C until further use.



Gag primary PCR reactions contained 5 µL PFU 1Ox buffer (Stratagene), 0.4 µL 100

mM dNTPs, 2 µL PFU Ultra Hotstart™ polymerase (2.5 U/µL, Stratagene), 2 µL of a Gag

primary forward primer group (e.g., Gag F124, Gag F304 or Gag F334), 1 µL of a Gag

reverse primer group (e.g., Gag R1881, Gag R1883 or Gag R1884), 2.5 µL of the cDNA

template produced by reverse transcription, and 36.1 µL MiIIiQ water. This PCR reaction

was vortexed, quickly centrifuged, denatured at 95°C for 2 minutes, and then subjected to 40

cycles of 95°C for 30 seconds, 54°C for 30 seconds, 72°C for 2 minutes. After 40 PCR cycles,

the reaction was allowed to elongate at 72°C for 10 minutes and then stored at 4°C until

further use.

Nef primary PCR reactions contained 5 µL PFU 1Ox buffer (Stratagene), 0.4 µL 100

mM dNTPs, 2 µL PFU Ultra Hotstart™ polymerase (2.5 U/µL, Stratagene), 4 µL of a Nef

primary forward primer group (e.g., Nef F8235 or Nef F8343), 4 µL of the Nef R9069

reverse primer group, 2.5 µL of the cDNA template produced by reverse transcription, and

32.1 µL MiIIiQ water. This PCR reaction was vortexed, quickly centrifuged, denatured at

95°C for 2 minutes, and then subjected to 40 cycles of 95°C for 30 seconds, 54°C for 30

seconds, 72°C for 2 minutes. After 40 PCR cycles, the reaction was allowed to elongate at

72°C for 10 minutes and then stored at 4°C until further use.

HIV Secondary PCR reactions

Rev secondary PCR reactions contained 2.5 µL PFU 10x buffer (Stratagene), 0.2 µL

100 mM dNTPs, 1 µL PFU Ultra Hotstart™ polymerase (2.5 U/µL, Stratagene), 0.75 µL of a

5 µM Rev T7 primer group (e.g., Rev T7 7912, Rev T7 7912 9-overlap or Rev T7 7912 16-

overlap), 0.75 µL of 5 µM Rev R8300 64T reverse primer group, 1 µL of a 1:10 dilution of

the Rev cDNA amplicon produced by primary PCR, and 18.8 µL MiIIiQ water for a total

volume of 25 µL. This PCR reaction was vortexed, quickly centrifuged, denatured at 95°C

for 2 minutes, and then subjected to 40 cycles of 95°C for 30 seconds, 54°C for 30 seconds,

72°C for 2 minutes. After 40 PCR cycles, the reaction was allowed to elongate at 72°C for 10

minutes and then stored at 4°C until further use.

Gag secondary PCR reactions contained 2.5 µL PFU 10x buffer (Stratagene), 0.2 µL

100 mM dNTPs, 1 µL PFU Ultra Hotstart™ polymerase (2.5 U/µL, Stratagene), 0.5 µL of 5

µM Gag T7 F334 primer group, 0.5 µL of 5 µM Gag R l 881 64T reverse primer group, 1 µL

of a 1:10 dilution of the Gag cDNA amplicon produced by primary PCR, and 19.3 µL MiIIiQ



water for a total volume of 25 µL. This PCR reaction was vortexed, quickly centrifuged,

denatured at 95°C for 2 minutes, and then subjected to 40 cycles of 95°C for 30 seconds,

54°C for 30 seconds, 72°C for 2 minutes. After 40 PCR cycles, the reaction was allowed to

elongate at 72°C for 10 minutes and then stored at 4°C until further use.

Nef secondary PCR reactions contained 2.5 µL PFU 10x buffer (Stratagene), 0.2 µL

100 mM dNTPs, 1 µL PFU Ultra Hotstart™ polymerase (2.5 U/µL, Stratagene), 1 µL 0.5

µM Nef T7 8343 primer group, 1 µL 0.5 µM Nef 9069 64T reverse primer group, 1 µL of a

1:10 dilution of the Rev cDNA amplicon produced by primary PCR, and 18.3 µL MiIIiQ

water for a total volume of 25 µL. This PCR reaction was vortexed, quickly centrifuged,

denatured at 95°C for 2 minutes, and then subjected to 40 cycles of 95°C for 30 seconds,

54°C for 30 seconds, 72°C for 2 minutes. After 40 PCR cycles, the reaction was allowed to

elongate at 72°C for 10 minutes and then stored at 4°C until further use.

Preparative secondary PCR reactions were performed as above, except scaled up

linearly to 100 µL reactions per 1.5 mL tube.

Cloning and Sequencing

Rev and Nef cDNA fragments were cloned into vector pCR®4Blunt-TOPO ® from

Invitrogen according to the manufacturer's recommended Protocol. 500 ng of cDNA

fragment was used in 6 µL of ligation reaction. 2 µL of the ligation reaction was transformed

into 100 µL of DH5α competent cells (Invitrogen), and plated out on LB-Amp r plates. Ten

colonies were inoculated into 5 mL liquid LB cultures and incubated overnight at 37°C with

agitation. Plasmid DNA was isolated using Qiagen mini prep columns (Qiaprep Spin

Miniprep kit, Qiagen). The samples were sequenced using M 13Forward primer or

M13Reverse primer. The sequencing results were analyzed using DNAstar software.

In vitro transcription of HIV antigens

Secondary PCR fragments modified with T7 primer and oligo dT sequences encoding

the HIV antigen of choice served as templates for an in vitro transcription reaction using

mMessage mMachine™ T7 Ultra kits and ARCA Kits. (Ambion). The transcription

reactions were carried out according to the manufacturer's instructions, as described above.

For large scale reactions, 25 µg cDNA template, 60 µL 10x reaction buffer, 300 µL 2x

NTP/ARCA, 60 µL T7 polymerase and water to bring the total volume to 600 µL were mixed



in a 1.5 mL tube and incubated in 1.5 mL tubes at 37°C in a heat block for 5 hours. The

cDNA template was then digested by adding 25 µL Turbo DNase and incubating at 37 °C for

30 minutes. The IVT RNA was purified over one RNeasy® Midi column (QIAGEN) and

eluted in RNAse-free water according to the manufacturer's directions. The purified RNA

was stored in liquid nitrogen as single-use aliquots until use.

in Vitro translation

in vitro translation of IVT RNAs was carried out using wheat germ extract (Wheat

Germ Extract, Promega Cat# L4380) or Rabbit Reticulocyte lysate (Rabbit Reticulocyte

Lysate System, Nuclease Treated, Promega Cat# L4960) and 35S-methionine. Briefly, 1 µg

of RNA template was added to a total of 25 µL reaction volume. Translation reaction using

wheat germ extract was incubated at 25 °C for 2 hours; translation reaction using reticulocyte

lysate was incubated at 30 °C for 90 minutes. 3 µL of the translation reaction were mixed

with sample buffer resolved by onto an 18% Tris-HCl denaturing polyacrylamide gel (Bio-

Rad Cat#345-0023). Proteins were separated by electrophoresis at 220 volts for 55 minutes

and then transferred to a PVDF membrane. The membrane was exposed to a phosphoimager

screen at room temperature for 60 minutes, and the screen was scanned using the Storm

imager.

Isolation of human dendritic cells

A leukapheresis sample from a healthy volunteer was collected on a COBE Spectra

(Gambro BCT) using the AutoPBSC procedure described by Lifeblood (Memphis, TN).

Peripheral blood mononuclear cells were isolated using a Ficoll density gradient

(Histopaque®-1007 Hybri-Max®, Sigma) and cultured for 1 to 2 hours to allow adherence of

the monocytes. Non-adherent cells were removed and the remaining monocytes were

cultured in X-VIVO 15™ (Cambrex) medium for 6 to 7 days, supplemented with 1000 U/mL

each of GM-CSF (Berlex, Leukine® liquid) and IL-4 (R&D Systems). Immature DCs were

electroporated with 2-5 µg of RNA per million cells. Electroporated DC were cultured

overnight in X-VIVO™ 15 with 800 U/mL GM-CSF, 500 U/mL IL-4, and a maturation

cocktail consisting of IL- 1β, TNF-α, IL-6, and PGE2.



Generation of DCfor functional testing of HIV IVT RNAsfor the induction ofanti-HIV

immunity in vitro

Immature DCs were generated as described above from a leukapheresis product

harvested from a successfully HAART-treated HIV donor with a viral plasma copy number

of less than 200 copies per mL. To achieve DC maturation, immature DC were first cultured

on day 5 with 10ng/ml TNF- α, lOOOµg/ml IFN -γ, l µg/ml PGE 2 On Day 6, phenotypically

mature DC were co-electroporated with RNA encoding CD40L ( l µgper million of DC), and

HIV RNAs generated from a near full length non infectious clones pBKBHIOS and

p93TH253.3 or from RNA amplified from patient samples at lug Gag, Rev, Vpr and 0.25 µg

Nef per million DC. A negative control DC stimulator was generated in parallel by

transfecting DC with CD40L RNA and 3.25 µg eGFP RNA, instead of HIV RNA mix. RNA-

electroporated DC were further cultured for 4 hrs in X-VIVO-1 5 medium without additional

cytokine supplements.

Western Blot analysis

Total protein was extracted using M-PER mammalian protein extraction reagent

(Pierce Cat#78503) according to the manufacturer's recommended Protocol. Protein

concentration was determined by Bradford assay (Bio-Rad Cat#500-0006). Briefly, 40 µg

of total protein extract was separated by SDS gel electrophoresis and transferred to PVDF

membrane. The membrane was probed by mouse monoclonal Rev antibody ( 1:500 dilution

in blocking buffer) from Fitzgerald (Clone# M612936; immunogen HIV REV amino acids

33-48) and the signal was developed using ECL Plus reagents (Amersham Cat# RPN2132)

and scanned by Storm imager.

In vitro co-culture of DC and PBMCfrom an HIV-infected subject to induce anti-HIV T-cell

responses to multiple HIV antigens

CFSE labeling: PBMCs from the HIV donor were enriched by Ficoll gradient separation,

washed twice with PBS and re-suspended at 2.OxIO7 / ml in PBS. CFSE was added to the

cell suspension for a final working concentration of 1.0 µM . Cells were incubated for 8

minutes at room temperature with gentle mixing. The staining was quenched by the addition

of an equal volume of Human AB Serum and incubation for 2 minutes.



Initial DC/PBMC co-culture: Cultures of HIV RNA-electroporated mature DC, and eGFP-

RNA control DC were established in parallel with CFSE-labeled PBMC at a 1:10 ratio, 1

million total cells/mL in 5% Human AB serum for 6 days at 37°C, 5% CO2.

Cell surface phenotyping of proliferating CFSE 'low ' labeled cells: After 6 days of culture,

PBMCs were harvested, washed once with 2 mL PBS containing 10% FBS and stained for

surface antigens using CD45RA PE, CD8 PerCP-Cy5.5, CD28 APC or CD45RA PE, CD4

PerCP-Cy5.5, CD28 APC antibodies (BD Bioscience) at room temperature in the dark for 20

minutes. Samples were washed twice with cold PBS containing 10% FBS and re-suspended

in 300 µL of 2% BD Cytofix (BD Bioscience) Samples were acquired on a BD FACSCalibur

flow cytometer and analyzed using FlowJo software (Three Star, Inc.) Analysis gates were

set on the basis of FSC v. SSC to define viable lymphocytes and lymphoblasts, and the

frequency of proliferating cells determined by detection of CFSE 'low' cells, and their

associated cell surface phenotype

Measurement of anti-HIV specific activity by restimulation of PBMCs with individual DC

populations expressing a single HIV gene: Immature DC were generated as described above,

matured with TNF-α, IFN-γ and PGE2 and cells split into 5 groups, allowing for DC

populations to be generated expressing just a single HIV gene from the panel of four

individual antigens, and a fifth DC population electroporated with eGFP RNA, as negative

control-. The four individual HIV-gene loaded-DC populations, and the eGFP control, were -

co-cultured in parallel with CFSE-labeled PBMC harvested from the previous 6-day co-

culture described above. One hour after re-stimulation with DCs, 0.25 µl of Golgi plug (BD

Bioscience) was added to each sample and incubated for an additional 3 hours at 37°C, 5%

CO in RPMI containing 10% Human Serum. Samples were washed once with 1 ml PBS

containing 10% FBS and stained for surface antigens using CD8 PerCP-Cy5.5 or CD4

PerCP-Cy5.5 antibodies at 4°C in the dark for 20 minutes. Samples were washed twice with

1 ml cold PBS containing 2% FBS and re-suspended in 150 µl of 2% BD Cytofix and

incubated at room temperature in the dark for 20 minutes. Samples were washed twice with

1 ml of Perm/Wash buffer (BD Bioscience) and incubated at room temperature in the dark for

20 minutes with 2µl of purified Mouse IgGi antibody. Samples were stained for intra-



cellular cytokines using IL-2 PE and IFN-γ APC antibodies at room temperature in the dark

for 20 minutes. Samples were washed twice with 1 ml of BD Perm/Wash buffer and re-

suspended in 150 µl of 2% BD Cytofix, acquired on a BD FACSCalibur flow cytometer and

analyzed using FlowJo software. PBMC that had proliferated (CFSE 'low') during the

previous 6-day co-culture were gated and analyzed for induced IFN-γ and IL-2 content.

Example 1

Universal Rev T7 primers for improved amplification of HIV Clade B and non-Clade B

Rev sequences

The protocol for amplification of Rev cDNA disclosed in PCT publication

WO2006/03 1870 utilizes three primary PCR reactions followed by a secondary PCR reaction.

The three primary PCR reactions combine one of the three Rev forward primer groups (Rev F

7750 primer group, Rev F 7830 primer group or Rev F 791 1 primer group) with one reverse

primer group (Rev R 8300 primer group). The secondary PCR reaction amplifies an aliquot

of the primary PCR reaction utilizing the Rev T7 7912 primer group in combination with the

Rev R8300 64 T primer group. However, the present inventors found that secondary

amplification of Rev from HIV Clade 3 isolates using the previously designed Rev T7 7912

forward primer group with the Rev R8300 64T primer group did not always produce optimal

results. Specifically, analysis of the secondary PCR products separated by 3% non-

denaturing agarose gel electrophoresis revealed multiple bands in all three PCR reactions

established for Rev (Figure 4). Rev PCR products have lower purity in comparison to Gag,

Vpr and Nef PCR products, and exhibited no single predominant secondary amplicon within

the accepted size range for exon 2 of Rev, which is between 433 bp and 586 bp.

Accordingly, new Rev primer groups Rev T7 7912 9-overlap and Rev T7 7912 16-

overlap (see Table 2), were designed in order to improve amplification of Clade C and non-

Clade B Rev sequences. Amplification of Clade C Rev cDNA using the new T7 overlap

primers was compared to the previously disclosed Rev T7 7912 primer group (see Table 1).

As a preliminary step, Rev cDNA from patient sample IDR-099 (Clade C) was amplified in

three primary PCR reactions that combined one of the three previously designed Rev forward

primer groups (Rev F7750, Rev F7830 or Rev F791 1 with the previously designed Rev

R8300 reverse primer group. In order to test the new Rev T7 primers, the primary amplicons



produced by these three PCRs were divided into three secondary amplification reactions

using one of three Rev T7 primer groups (Rev T7 7912 9-overlap, Rev T7 7912 16-overlap or

Rev T7 7912) in combination with the Rev R8300 64T primer group.

As shown in Figure 5, both of the newly designed secondary primer groups (Rev T7

7912 9-overlap or 16-overlap) amplify a specific band which falls within expected molecular

weight range (lanes 1, 2, and 4) and produce an amplification pattern superior to the pattern

obtained with the previous Rev T7 F7912 primer group. RT-PCR of three additional HIV

Clade 3 patients confirmed the superiority of the Rev T7 7912 9-overlap and Rev T7 7912

16-overlap primer groups over the previous Rev T7 primer group (Figure 6).

To assess the performance of these primers in a large scale cDNA amplification

reaction, preparative scale secondary PCR reactions were performed as described above. The

PCR products were pooled and purified using QIAquick PCR purification columns. The

concentration of each cDNA sample was measured using the BioRad SMART300

spectrophotometer (Table 6). Yields were calculated by multiplying the concentration by the

QIAquick column eluate, which is roughly 200 µL. The yields of Rev cDNA amplified with

the Rev T7 7912 16-overlap primer group was greater than the yield obtained with the Rev

T7 7912 9-overlap primer group in all four Clade C patient samples.

Table 6

Yields of Rev secondary amplicons obtained by amplification with various T7 Rev

primers in four Clade C subjects



In order to analyze the quality of the secondary Rev amplicons, 50 ng of Rev cDNA

(except IDR-103/Rev T7 7912 9-overlap) was resolved by 3% non-denaturing agarose gel

electrophoresis (Figure 7). Molecular weights (MW) of Rev cDNAs were determined by

alphaimager autoquery function (Table 6). Based on previous experience with Clade B

samples, the expected size of Rev cDNA is typically between 433 and 586 bp. The observed

molecular weights of Non- Clade B Rev cDNA fall within this range, but tend to cluster

towards the upper end of the range.

The IDR- 103 Rev cDNA migrates slightly faster than Revs cDNAs from other three

subjects, which would indicate a smaller molecular weight. According to alphaimager

autoquery, there is a 20 nucleotide difference in the cDNA size of IDR- 103 and its neighbor

IDR-099. It is expected that same antigen cDNA amplified from various subject plasma may

migrate differentially due to deletions or insertions in the HIV genome. This was confirmed

by cloning the cDNAs from IDR- 103 and IDR-099 into pCR®4Blunt-TOPO® (Invitrogen)

and sequence analysis using M l 3 forward and M l 3 reverse sequencing primers. Seven out

often colonies picked for IDR-099 contained inserts, and four out often colonies picked for

IDR- 103 contained inserts. The alignment of multiple individual clone sequences obtained

for the two samples revealed a 2 1 nt deletion in IDR- 103 Rev cDNA (Figure 8). This

observation is consistent with the difference in molecular weight observed on non-denaturing

agarose gel.

The secondary amplicon produced by amplification of the IDR- 103 Clade C sample

using the Rev T7 7912 9-overlap primer group together with the Rev 8300 64T primer group

was dilute, and therefore was concentrated by ethanol precipitation prior to analysis by non-

denaturing gel electrophoresis. Gel analysis revealed two bands: a faint band that falls within

the expected molecular weight limits and an intense band consisting of a low molecular

weight species (primer dimers), evidence of inefficient PCR reactions (data not shown). This

sample was not taken into in vitro transcription reaction.

IVT RNA was produced as described above for all cDNA samples except for the

IDR- 103 sample. The concentration of each IVT RNA sample was measured by

spectrophotometry (Table 7). The RNA yields exceeded 400 µg for all samples.

Amplification factors are in the range of 33 to 40. The yields of RNA obtained from cDNA

amplified using either Rev T7 7912 9-overlap or Rev T7 7912 16-overlap primer groups were

comparable. The quality of each IVT RNA sample was analyzed on denaturing gel



electrophoresis (Figure 9). The observed molecular weights of these non-B Rev IVT RNAs

fall within the expected range of 407 and 550 bp.

Table 7

Rev IVT RNA yields

The Rev IVT RNAs were translated in vitro using either Rabbit Reticulocyte Lysate

or Wheat Germ Extract and labeled with 35S-methione (Figure 10). All bands migrated with

molecular weight of about 15-16 kDa. The Rev protein produced from patient IDR- 103 is

slightly larger than Rev proteins from other three subjects. This is was unexpected result

because the cDNA obtained for the same sample migrated faster than the cDNAs and RNAs

of the other three subjects. Further analysis of sequencing data obtained for IDR-1 03 and

IDR-099 Rev cDNA revealed a C to T mutation introducing a stop codon within the IDR-099

Rev coding sequence. This mutation introduces a premature stop codon, which in turn results

in translation of a truncated protein. Sequence analysis and in silico translation of the cDNA

predicted the length of IDR- 103 Rev protein to be ninety-two amino acids, and IDR-099 Rev

is 83 a.a. The difference of nine amino acids is roughly equal to a 1 kDa difference in

molecular weight observed using SDS-PAGE analysis.

The identity of the proteins translated from Rev IVT RNAs was tested in Western blot

analysis using an anti-Rev antibody. 10x1 06 DC were transfected with 40 µg of Rev IVT

RNA. Post-transfection, cells were seeded at 106 cells/mL in 6-well low adherence plate

supplemented with 1000 U/mL of IL4 and 1000 U/mL of GM-CSF. Cells were harvested 4

hours post-transfection. Western blot analysis was performed on the membranes with

resolved and transferred whole cell lysates prepared from the transfected DC. Using mouse



monoclonal anti-Rev antibody (Mouse anti-HIV Rev mono IgGl Ab, Fitzgerald) followed by

binding of secondary antibody (Goat anti-mouse IgG-HRP, Santa Cruz). As shown in Figure

11, the mouse monoclonal antibody recognizes a specific band in the lysates transfected with

IDR-085 Rev and IDR- 103 Rev RNAs. The specific bands migrated with 15 and 16 kDa.

The intensity of the signal obtained in the lysate prepared from cells transfected with IDR-

085 amplified using Rev T7 7912 16-overlap primer group is lower than that of obtained with

Rev T7 7912 9-overlap primer group. This result is consistent with data obtained for this

sample in the in vitro translation assay (Figure 10).

No specific signal was produced in lysates generated from DC transfected with IDR-

080 and IDR-099 Rev IVT RNA. The Rev cDNAs for all four samples were subcloned and

analyzed by sequencing. Sequencing analysis of the epitope, which corresponds to the

epitope used to raise this monoclonal antibody, has an arginine (R) to lysine (K) transition in

IDR-080 and IDR-099. The mutation occurs in the middle of the epitope and most likely

produces a conformational change within Rev protein, rendering it to be unrecognizable by

the antibody (data not shown).

The Rev T7 16-overlap primer group was designed to accommodate the amplification

of non-Clade B sequences. We next verified that the new Rev T7 16-overlap primer group

can also effectively amplify Clade B sequences. Three Clade B samples that had previously

been successfully amplified using the Rev primers disclosed in Table 1 were tested with the

Rev T7-overlap primer group. As shown in Figure 12, the Rev T7 16-overlap primers

amplified Clade B samples from all three patients as well or better than the Rev T7 7912

primers.

cDNA and IVT RNA were prepared from these three samples at a preparative scale.

The yields of cDNA and IVT RNA are summarized in Table 5 .

Table 8

Yields of Rev cDNA produced by amplification of three Clade B patient samples using

the Rev T7 7912 16-overlap primer group and IVT RNA transcribed therefrom



The quality of the Clade B Rev cDNAs and IVT RNAs prepared using the Rev T7 7912 16

overlap primer group were analyzed by agarose gel electrophoresis (Figure 13). In all Clade

B samples analyzed, Rev cDNA and IVT RNA migrate as a single band. The molecular

weight of cDNA and IVT RNA fall within the expected range. Lack of smearing or other

bands contaminating the IVT RNA samples indicates the high purity of the Rev amplified

RNA.

Further optimization of HIV Rev T7primers

T7 promoters have a consensus sequence from -17 to +6, with + 1 designated

as the first transcribed nucleotide. The consensus sequence from + 1 to +6 is 5' GGGAGA 3'

(Tang et al. 2005 JBC 280:40704-40713). mFold software analysis of the 5' end of the Rev

RNA transcribed from Rev cDNA amplified using the Rev T7 promoter primers predicted

secondary structure that could interfere with translation (Figure 14A). After study of the

predicted structure, we proposed substitution of an A, C or U for the +3 G of the T7 promoter

consensus sequence would result in secondary structure with a less favorable ∆G (see

Figures 14B and C, where the third G is substituted with a C or A). Accordingly, Rev T7

7912 16-overlap primers were designed where the +3G position of an RNA transcribed from

cDNA amplified with such primers was substituted with an A, C or U (The U in the RNA

corresponds to a T in the primer). These primers correspond to SEQ ID NOs:24-29 (See

Table 2), wherein X6 = A, C or T. The version of these primers wherein X i is G, X2 is A, X3

is A, and X4 and X5 are T, so that the T7 promoter contained the -22 to - 18 portion of the

consensus sequence, was tested in the following amplification and expression experiments.

These primers were termed "HiT7", because they contain more of the 5' consensus sequence

of the T7 promoter than do the corresponding primers wherein each of X i through X5 are

absent.

Secondary PCR amplification of Rev cDNA using the Rev HiT7 7912 16-overlap

primers where X6 = G, A, C or T showed no difference in the cDNA yield or purity using

primers that would alter the +3 position of subsequently transcribed RNA (Figure 15). IVT

RNA transcribed from cDNA amplified by the secondary PCR reactions showed good yields

for all primers, indicating that a change at this position does not affect the binding of RNA



polymerase or the initiation of transcription (Figure 16). Each of the RNAs was

postranscriptionally capped and used to transfect DCs. Western Blot analysis shows that Rev

protein expression was improved when the +3 G is substituted with T (U in the RNA), C or A

(Figure 17).

EXAMPLE 2

Universal Primers for Amplification of HIV Clade B and Non-Clade B Gag

Polynucleotides

Commonly owned PCT publication WO2006/03 1870 discloses a scheme for

amplification of HIV Gag cDNA utilizing a combination of three primary forward groups of

primers and two primary reverse groups of primers. The combination of each three forward

primer groups with each of the two reverse primer groups results in six primary Polymerase

Chain Reaction (PCR) amplification reactions (Figure 2).

Analysis of the Gag Rl 881 reverse primer group revealed that the two nucleotides at

both the 5' and 3' ends of each primer are GC (see Table 3, above), which allows primers to

form relatively stable homodimer structures. Accordingly, two new Gag reverse primer

groups, designated the Gag Rl 883 primer group and the Gag Rl 884 primer group, were

designed to circumvent such a problem (see Table 4). The new primers moved the primer

annealing site downstream two or three nucleotides so that the GC sequence at 3' end is

excluded from the primer sequence (Figure 3).

Also, in order to efficiently amplify more HIV genomes, including Clade C, an

additional primer (GAG R 1884.3) was designed for Gag R 1884 reverse primer group. This

primer 1884.3 has degenerate mutations that would be compensatory to Clade C sequences

(Figure 3). The 1884 primer group was tested using secondary structure analysis from Oligo

Etc. The homodimer formation was also analyzed using IDT Oligo Analyzer software and

results are summarized in Table 9 .

Analysis of the Gag Rl 883 and Gag Rl 884 primer groups using Oligo Tech software

predicted no stable homodimers for three out of four primers designed. Primer 1884.2 is

predicted to form a homodimer at temperature below or equal to 6.2 °C. The homodimer

formation therefore is not possible when primers are kept post-thaw at room temperature.



The data summarized in Table 9 indicates that elimination of one terminal GC sequence from

the end of the primer sequence would reduce the ∆G and prevent the formation of stable

homodimers.

Table 9

Tm and Homodimer Stability of Gag R1883 and Gag R1884 Primer Groups

Each of the newly designed reverse primer groups Gag R l 883 and Gag Rl 884,

together Gag forward primer groups Gag Fl24, Gag F304 or Gag F334, were tested for

amplification of Gag cDNA from four HIV Clade B subjects' plasma in three primary PCRs.

For each sample, the cDNA produced in the reverse transcription reaction was divided into

six primary PCR reactions. The primary PCR reactions were conducted using three different

primer groups (Gag Rl 881, Gag Rl 883, and Gag Rl 884) at two different primer

concentrations (0.4 µM and 0.8 µM). As shown in Figure 18, amplification using 0.8 µM

primary PCR primer concentration produced more positive PCR products in comparison to

the 0.4 µM primer concentration. At 0.4 µM primer concentrations, the Gag Rl 883 primer

group, and more notably Gag Rl 884 primer group, produced more positive lanes compared

to reactions performed with Gag Rl 881 primer group. The Gag Rl 884 primer group is

preferred over the Gag R l 883 primer because of slightly better performance in Clade B, more

noticeable improvement in C subjects, and theoretical broader coverage of quasispecies.

Amplification of two Clade C patient samples (IDR-080 and IDR-085) using 0.8 µM

primer concentrations of three Gag reverse primer groups (Gag Rl 881, Rl 883 and Rl 884) is

shown in Figure 19. Gag Rl 883 primer group performed slightly better than the GAG



R l 88 1 or Gag R l 84 primer groups, as evident by more prominent band in lane 2 of sample

IDR-085. However, the reactions performed with primer group 1884 produce more positive

amplified product in lanes 1 and 2 for both Clade C samples tested. This is consistent with

our hypothesis that primer group Gag Rl 884 would enhance amplification of Clade C

samples in comparison to primer group Gag Rl 883.

Primary PCR reactions were performed on the cDNA samples from three subjects

(HTM-356 (Clade B), HND-022 (Clade AG), and IDR-085 (Clade C)) using 0.8 µM primer

concentrations of Gag Rl 88 1 or Gag R l 884. cDNA synthesis and secondary PCR

amplification were performed as described above. Preparative cDNA yield and quality after

were examined after reverse transcription and primary amplification using the Gag Rl 881 or

Gag R l 884 primer groups followed by secondary amplification. Yields were calculated by

multiplying the concentration by the QIAquick column eluate. The yields of the secondary

PCR fragments obtained in each condition are summarized in Table 10. The yields of Gag

cDNA amplified using Gag Rl 884 primers was comparable with yields obtained with the

Gag Rl 881 primers. The quality of the cDNA was assessed by non-denaturing gel

electrophoresis 100 ng of Gag cDNA produced by the secondary PCR (Figure 20).

Molecular weight of Gag cDNAs were determined by alphaimager autoquery function and

recorded in Table 10. No difference was observed in the quality of the cDNA obtained from

all three samples using either the Gag R l 881 or Rl 884 reverse primer groups.

Table 10

Yields of Gag cDNA Obtained Using Gag R1881 or Gag R1884 in Clade B, Clade AG or

Clade C Subjects



IVT RNA was produced as described above for four cDNA samples made using the

Gag Rl 884 primer group for primary amplification. The concentrations and calculated yields

are summarized in Table 11. The quality of each RNA sample was analyzed on denaturing

gel electrophoresis (Figure 21). The amplification factors (IVT RNA mass obtained /cDNA

mass used in the reaction) were in the range of 27 to 37. The yield of RNA obtained from

cDNA amplified using Gag Rl 884 primer group is comparable with that obtained using Gag

R l 881 primer group.

Table 11

Gag IVT RNA Yields

Example 3

Improved Primer and Primer Group for amplification of HIV Clade B and Non-Clade

B Nef Sequences

A partial list of Nef primers and primer groups disclosed in PCT publication

WO2006/03 1870 for the primary round of amplification of Nef cDNA is shown in Table 5,

above. Applicants discovered that the addition of the novel primer Nef F8235.2 (SEQ ID

NO:58) to the Nef F8235 primer group (SEQ ID Nos:49 and 50) enhanced amplification of

HIV Nef sequences.

In order to test the Nef F8235.2 primer group containing the new Nef F8235.2 primer,

HIV viral RNA was isolated from 2 to 3 mL archived frozen plasma of three HIV patients

infected with Clade B virus (patient HTM 367), Clade C virus (patient IDR-085) and Clade

AG virus (patient HND-022) using a NucliSens™ kit (BioMerieux), according to the

manufacturer's instructions. The titers of these three samples were of 53,334, 53,703 and

154,882 copies/mL, respectively.



Nef cDNAs were synthesized by reverse transcription of the HIV RNA using oligo dT

primers. The reverse transcription reaction contained 2.5 µL of each eluted viral RNA, 20

µM oligo dT(20)(Invitrogen), 2 units of RNAseout™ (Invitrogen), 0.5 mM of each dNTP

(Clontech), and Superscript™ first strand buffer. After annealing at 65°C for 5 minutes,

5mM DTT and 10 units of Superscript III™ (Invitrogen) were added and the reaction was

incubated at 55°C for 1 hour.

2.5 µL of the reverse transcription reaction was used as a template in a primary PCR

containing 5 units of PFU Ultra HS, PFU buffer (Stratagene), 0.2 mM of each dNTP

(Stratagene), and the corresponding group primer groups at a final concentration of 0.4 µM in

a final reaction volume of 50 µL. In two separate primary amplifications, the new Nef F8235

primer group (containing previously disclosed Nef F8235 and Nef F8235.1 primers and new

Nef F8235.2 primer) or the Nef F8343 primer group were combined with the Nef R9089

reverse primer group (see Table 5). The reactions were heated at 95°C for 2 minutes and

then run for 40 cycles as follows: 95°C for 30 seconds, 54°C for 30 seconds, and 72°C for 3

minutes. After the last cycle, an extension was performed at 72°C for 10 minutes and the

reaction was stopped by chilling to 4°C. The 54°C annealing temperature in the primary and

secondary PCR amplifications allowed for annealing of primers to templates with a limited

degree of mismatch.

1 µL of each of the primary PCRs was then used as a template in a secondary PCR

reaction containing 2.5 units of PFU Ultra HS, PFU buffer (Stratagene), 0.2 mM of each

dNTP (Stratagene), and 5 µM Nef-specific T7 and 64T primer groups shown in Table 12, in

a final reaction volume of 25 µL. This secondary PCR modified the cDNA products of the

primary PCR reaction by inserting a T7 RNA polymerase binding site at the 5' end and a

poly(T) 4 tail, which is transcribed into a poly(A) 4 tail on the synthesized RNAs. The

cycling parameters were the same as in the primary PCR reaction. Products of the secondary

PCR reaction were purified using a QIAQUICK purification column (QIAGEN) prior to in

vitro transcription. The expected size of the amplified Nef secondary PCR product

calculated from the position of primers used in the secondary round of PCR and adding

sequence for T7 promoter and 64T stretch is 836 bp. PCR resulted in a productive

amplification of DNA fragments with expected size from all of three patient samples (Figure

22A-C).



Table 12

Nef T7 and 64T Primers and Primer Groups disclosed in WO2006/031870

The products from the primary PCR that also resulted in a successful amplification

during secondary PCR were mixed and used to populate the secondary PCR on a preparative

scale. The reactions were performed as described above, but in several identical tubes in

order to generate sufficient mass of cDNA to be used as a template in an in vitro transcription

reaction. Agarose gel analysis of preparative scale purified secondary PCR products is

shown in Figure 22D. Sequence analysis of these fragments confirmed that the amplified

cDNA correspond to Nef (data not shown). Products from the nested PCR reactions were

transcribed in vitro to generate Nef IVT RNA, which was analyzed by agarose gel

electrophoresis (Figure 22E).

Because of the diversity of the HIV and the presence of deletion and insertions within

the open reading frames of interest, the molecular weight for cDNA and in v zϊ rø-transcribed

RNA is expected to vary. We performed a detailed analysis of the molecular weight of Nef

cDNA and in vz/rø-transcribed RNA amplified from 10 distinct infectious plasma samples.

The size of cDNA band was measured by migration on the agarose gel relative to the

molecular weight markers. The observed size distribution of the Nef cDNA analyzed by non-

denaturing agarose gel electrophoresis was 841 ± 50 bp. The observed size distribution for

amplified Nef IVT RNA analyzed by denaturing agarose gel electrophoresis was 801 ± 52



nucleotides. The range of molecular weights for each antigen observed with these 10 samples

is indicative of the high degree of subject-to-subject virus diversity.

A summary of successful amplification of Nef, Gag, Rev and Vpr from plasma

samples of 30 patients is shown Figure 23. Viral load varied greatly from sample to sample.

Whenever possible, a larger volume of viral plasma was used (up to 3 mL) for HIV RNA

extraction to achieve higher yield of viral RNA. The sample with the lowest copy number

resulting in successful amplification was sample 10 where the concentration of HIV RNA in

the final eluate was 444 copy/µL vRNA (viral genome RNA). The calculation of final

recovered HIV RNA concentration assumes no loss of RNA occurs during the extraction

procedure. With losses, the absolute copy requirement would be even lower. Overall these

data demonstrates consistently successful amplification of Nef nucleic acids from plasma

samples with diverse viral load.

An advantage of our method for antigen generation is its ability to capture HIV

mutations that evolve under dynamic host CTL pressure. The multiplex RT-PCR strategy for

capture of HIV antigens was designed to be broadly applicable to the general HIV-infected

population irrespective of Clade designation, but also anticipates that it would capture various

quasispecies present in a given subject. This is the cornerstone of our novel therapeutic

paradigm that enables targeting, not only of dominant viruses, but also newly emerging virus

populations that evolve as a result of immune pressure.

To test our hypothesis that multiple quasispecies are co-amplified from a given

subject, PCR fragments encoding full length Nef cDNA amplified from samples HTM-349,

HTM-367 and HTM-344 were cloned, sequenced and analyzed using phylogenetic tree

analysis. Nucleotide sequence analysis and identity verification was performed using

Lasergene software (DNAStar), the Los Alamos HIV Sequence Database

(http://www.hiv.lanl.gov), and BLAST analysis. Nucleotide sequences of Nef cDNA clones

were aligned using Clustal V module of Lasergene (DNAstar). Phylogenetic trees were

constructed using the MegAlign module of the Lasergene software (DNAstar). A total of 15

clones were analyzed for each subject. The results are shown in Figure 24. The analysis

demonstrated that the cDNA population did indeed capture genes encoded by various HIV

quasispecies. Phylogenetic tree analysis demonstrated that each subjects' Nef sequences

grouped within other sequences from that subject and were distinct from another subjects'

sequences. More interestingly however is the observation that the number of the Nef variable



sequences was different in each subject. On the nucleotide level (Figure 24, panel A) the

subject HTM 344 displayed greater diversity where out of 15 clones analyzed 14 clones were

unique, followed by subject HTM 367 with 13 unique clones and for subject HTM 349 only 6

unique clones. Not every nucleotide mutation leads to amino acid substitution, so the

diversity is lower on the level of amino acid sequence (Figure 24 Panel B) with the same

order of diversity trend for the three subjects. These data indicate that, as predicted, the

multiplex RT- PCR is capable of capturing various quasispecies within each individual

subject.

We next performed further analysis of the Nef sequences and scored individual

primers on the level of the secondary PCR reactions that were productive in the reaction. The

Nef cDNA sequences were analyzed in the regions corresponding to the regions defined by

the primers and identity of the primers was identifies by sequence. A total of 15 Nef clones

were analyzed for each subject. Utilization of both forward and reverse primers was

performed and the analysis is summarized in Table 13. The numbers in Table 13 represent

how many clones contained the identified primer.

TABLE 13

Selective utilization of primers by RT-PCR from various HIV subjects



The forward primer utilization of sample HTM 344 demonstrated that 12 out of 15

clones analyzed were formed by primer F8343.1, however in sample HTM 367 a different

primer, F8343 formed majority of clones. Most interestingly, a novel sequence was

identified within one of the primer annealing regions. The sequence was termed "new" and

was different from either F8343 or F8343.1 primer sequence by 2 nucleotides in a most 3'

end position of the primer. We believe that this sequence is formed due to a proofreading

activity of the enzyme used in a PCR reaction: that is, if a mismatch between primer and

template is located at the most 3' end of the primer the mismatch is repaired by the 3'

exonuclease proofreading activity of the Pfu enzyme. Similar analyses were performed for

the utilization of the reverse primers. Primer R 9069 was preferentially used in all three

samples, primer Nef R9060.1 was the second most productive primer for sample HTM 344

and primer Nef R9060.2 was the second most productive primer for sample HTM 349. No

new reverse primers were identified in all three groups analyzed. The 3' end of the PCR

fragment is defined by the cDNA synthesis step during the RT reaction. The lack of

"repaired" primers is most likely due to lack of proofreading activity in the RT enzyme.

These data support the proposed design and demonstrates that in multiplex PCR the

productive annealing of various primers to template is defined by the actual sequence of the

HIV genome in the primer annealing sequence. Since the sequence within this region varies

from patient to patient, the preferred utilization of the primers in the PCR reactions differ as

well.

While the expression of each individual RNA encoding each of the four antigens was

studied in the DC as described below, we were not able to devise a universal method of

detection or identify an antibody that could cross-react with all subject-specific amplified

material (data not shown). Detection of HIV proteins using the most common established

techniques like Western blot or intracellular staining is complicated by the lack of widely

available commercial reagents which cross-react with proteins amplified from various

subjects. Also, the sensitivity of these methods of detection is not sufficient to detect protein

expression when a relatively low amount of RNA ( 1 µg or less) is delivered to the DC.

Instead, we elected to study presentation of antigens by RNA-electroporated DC with

detection of induced T-cell responses as a surrogate assay for protein expression using

PBMCs derived from a successfully HAART-treated HIV-infected donor.



To determine whether HIV RNAs generated by the described method could encode

antigens that are expressed, processed, and presented by DC and induce CD8+ T-cell

immunity, a single DC preparation was electroporated with four HIV genes (Gag, Rev, Vpr

and Nef) encoded as RNAs, and the cells co-cultured with autologous PBMCS pre-labeled

with CFSE. After 6 days of co-culture, the frequency and phenotype of proliferating cells

was determined by detecting residual CFSE fluorescence within the CD8+ T cell population

with 'effector' versus 'effector/memory' functional subsets defined by expression of

CD45RA and CD28. After the 6 day co-culture CD8 T-cell population with an eGFP RNA

transfected DC control population the frequency of CFSE 'low' was 3.75%, however in

experimental arm where CD8 T-cell population when driven by HIV-RNA electroporated DC

the frequency of CFSE 'low' cells was 7.41% (Figure 25A). No specific activity above

background was recorded within the CD4+ subset, with all DC populations inducing 1%

CD4+ CFSE-low cells within total PBMCs. Within the proliferating CFSE low CD8+ T cell

subset, driven by the HIV RNA-loaded DC, 44% of cells had a fully differentiated effector

phenotype (CD45RA+/CD28-) versus 32.3% of cells having an effector/memory phenotype

(CD45RA-/CD28+) (Figure 25B). Subsequent re-stimulation for 4 hours with DC

populations bearing one of the four HIV genes, or RNA encoding eGFP (negative control),

CFSE low CD8+ T cells were tested for IFN-γ expression by intracellular staining. Immunity

to all four antigens was detected above the negative control background, as defined by the

frequency of CD8+ CFSE-low cells expressing IFN-γ induced by DC loaded with individual

HIV antigen RNAs, as compared to IFN-γ induced by re-stimulation in the presence of DC

bearing eGFP negative control RNA (Figure 25C). Co-cultures that were originally

established on negative control eGFP-electroporated DC for 6 days, and then underwent re-

stimulation with individual HIV antigen-encoding RNA-electroporated DC for detection of

induced IFN-γ, all expressed less than 0.1 5% IFN-γ activity within the CD8+ CFSE-low

subset.

In summary, flow cytometric follow up of T cell- DC co-cultures revealed that DCs

electroporated with a the four HIV antigen-encoding RNAs successfully induced proliferation

and effector function (IFN-γ activity) to all four antigens within the responder CD8+ T cell

subset, providing conclusive evidence that HIV antigens encoded by RNA can be translated

and presented by DC to invoke a poly-antigen response. Such activity is presumed to be an

essential aspect of an immunotherapeutic designed to control HIV viral escape. In addition,



cell surface phenotyping showed that a subset of the responder population had a

CD28+/CD45RA- 'effector/memory' phenotype which has been linked to long-term non-

progression (5) (6). No specific activity was recorded within the CD4+ subset, consistent

with the inability of antigen encoded by RNA to efficiently target the endosomal (MHC class

II) pathway (28).



CLAIMS

We claim:

1. A composition comprising at least one or a combination of Rev T7 promoter

primers selected from the group consisting of:

XIX 2X 3X 4X 5TAATACGACTCACTATAGGX 6AGACCACCATGGACCCACCTCC

CAACC (SEQ ID NO:24),

XIX 2X 3X 4X 5TAATACGACTCACTATAGGX 6AGACCACCATGGACCCACCTCC

CAGCC (SEQ ID NO:25),

X 1X 2X 3X 4X 5TAATACGACTCACTATAGGX 6AGACCACCATGGACCCACCTCC

CAGTT (SEQ ID NO:26),

XIX 2X 3X 4X 5TAATACGACTCACTATAGGX 6AGACCACCATGGACCCTTACCC

CAACC (SEQ ID NO:27),

XIX 2X 3X4X 5TAATACGACTCACTATAGGX 6AGACCACCATGGACCCTTACCC

CAAAC (SEQ ID NO:28),

XIX 2X 3X 4X 5TAATACGACTCACTATAGGX 6AGACCACCATGGACCCTTACCC

CAAGC (SEQ ID NO:29),

XIX 2X 3X 4X 5TAATACGACTCACTATAGGX 6AGACCACCATGTCAGACCCACC

T (SEQ ID NO: 17),

X ,X 2X 3X 4X 5TAATACGACTCACTATAGGX 6AGACCACCATGTCAGACCCGCC

T (SEQ ID NO: 18), -

X 1X 2X 3X 4X 5TAATACGACTCACTATAGGX 6AGACCACCATGTCAGACCCTCC

T (SEQ ID NO: 19),

X 1X 2X 3X 4X 5TAATACGACTCACTATAGGX 6AGACCACCATGTCAGACCCATA

C (SEQ ID NO:20),

X IX 2X 3X 4X 5TAATACGACTCACTATAGGX 6AGACCACCATGTCAGATCCATA

C(SEQIDNO:21),

X 1X 2X 3X 4X 5TAATACGACTCACTATAGGX 6AGACCACCATGTCAGACCCTTA

C (SEQ ID NO:22), and

X IX 2X 3X 4X 5TAATACGACTCACTATAGGX 6AGACCACCATGTCAGACCCCTA

C (SEQ ID NO:23);



wherein X6 is G, A, C or T; and either X1 is G, X is A, X3 is A and X4 and X are T or

each of X i through X5 are absent.

2. The composition of claim 1, wherein X1 is G, X is A, X3 is A and X4 and X5 are T.

3. The composition of claim 1, wherein each of X i through X are absent

4. The composition of claim 1, wherein X6 is A, C or T.

5. The composition of claim 1, wherein X6 is G.

6. The composition of claim 1, which comprises at least two primers selected from

the group consisting of SEQ ID NO:24; SEQ ID NO:25, SEQ ID NO:26, SEQ ID

NO:27, SEQ ID NO:28 and SEQ ID NO:29.

7. The composition of claim 6, which comprises SEQ ID NO:24; SEQ ID NO:25,

SEQ ID NO:26, SEQ ID NO:27, SEQ ID NO:28 and SEQ ID NO:29.

8. The composition of claim 6, further comprising a Rev 64T reverse primer selected

from the group consisting of SEQ ID NO: 14, SEQ ID NO: 15 and SEQ ID NO: 16,

or any combination thereof.

9. The composition of claim 1, which comprises at least two primers selected from

the group consisting of SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID

NO:20, SEQ ID NO:21, SEQ ID NO:22 and SEQ ID NO:23.

10. The composition of claim 9, which comprises SEQ ID NO: 17, SEQ ID NO: 18,

SEQ ID NO: 19, SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22 and SEQ ID

NO:23.



11. The composition of claim 9, further comprising a Rev 64T reverse primer selected

from the group consisting of SEQ ID NO: 14, SEQ ID NO: 15 and SEQ ID NO: 16,

or any combination thereof.

12. A composition comprising a Gag reverse primer selected from the group

consisting of SEQ ID NO:42, SEQ ID NO:43, SEQ ID NO:44, SEQ ID NO:45,

SEQ ID NO:46, SEQ ID NO:47 and SEQ ID NO:48, or any combination thereof.

13. The composition of claim 12, which comprises the Gag Rl 833 primers of SEQ ID

NO:42, SEQ ID NO:43 and SEQ ID NO:44.

14. The composition of claim 12, which comprises Gag R 1884 primers of SEQ ID

NO:45, SEQ ID NO:46, SEQ ID NO:47 and SEQ ID NO:48.

15. The composition of claim 12, further comprising one or more Gag forward

primers selected from the group consisting of SEQ ID NO:30, SEQ ID NO:31,

SEQ ID NO:32 and SEQ ID NO:33.

16. The composition of claim 15, which comprises:

a. the Gag Rl 884 reverse primers of SEQ ID NO:45, SEQ ID NO:46, SEQ ID

NO:47 and SEQ ID NO:48; and

b. the Gag F124 primer of SEQ ID NO:30.

17. The composition of claim 15, which comprises:

a. the Gag R l 884 reverse primers of SEQ ID NO:45, SEQ ID NO:46, SEQ ID

NO:47 and SEQ ID NO:48; and

b. the Gag F304 primer of SEQ ID NO:3 1.

18. The composition of claim 15, which comprises:

a. the Gag R l 884 reverse primers of SEQ ID NO:45, SEQ ID NO:46, SEQ ID

NO:47 and SEQ ID NO:48; and

b. the Gag F334 primers of SEQ ID NO:32 and SEQ ID NO:33.



19. A Nef forward primer composition comprising the NEF forward primer F8235.2

ofSEQ ID NO:58.

20. The composition of claim 19, further comprising the Nef F8235 forward primers

of SEQ ID NO:49 and SEQ ID NO:50.

2 1. The composition of claim 19, further comprising a Nef R9069 reverse primers

selected from the group consisting of SEQ ID NO:55, SEQ ID NO:56 and SEQ ID

NO:57, or any combination thereof.

22. A method for amplifying an HIV Rev nucleic acid, comprising carrying out a

polymerase chain reaction using at least one or a combination of Rev T7 7912

forward primers selected from the group consisting of SEQ ID NO: 17, SEQ ID

NO: 18, SEQ ID NO: 19, SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22, SEQ ID

NO:23, SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:27, SEQ ID

NO:28 and SEQ ID NO:29; and at least one or a combination of Rev R8300 64T

reverse primers selected from the group consisting of SEQ ID NO: 14, SEQ ID

NO:15 and SEQ ID NO:16.

23. A method for amplifying an HIV Gag nucleic acid, comprising carrying out a

polymerase chain reaction using at least one or a combination of Gag forward

primers selected from the group consisting of SEQ ID NO:30, SEQ ID NO:31,

SEQ ID NO:32 and SEQ ID NO:33; and at least one or a combination of Gag

reverse primers selected from the group consisting SEQ ID NO:42, SEQ ID

NO:43, SEQ ID NO:44, SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO:47 and

SEQ ID NO:48.

24. A method for amplifying an HIV Nef nucleic acid, comprising carrying out a

polymerase chain reaction using at the Nef F8235 forward primers of SEQ ID

NO:49, SEQ ID NO:50 and SEQ ID NO:58, together with and at least one or a

combination of Nef R9069 reverse primers selected from the group consisting

SEQ ID NO:55, SEQ ID NO:56 and SEQ ID NO:57.
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