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METHOD OF TREATING HIV IN DRUG
RESISTANT NON PLASMA VIRAL
RESERVOIRS WITH MONOMERIC DAPTA

[0001] This application is related to U.S. application Ser.
No. 11/474,049, filed Jun. 23, 2006, the contents of which are
incorporated by reference as if set forth in length herein.

FIELD OF THE INVENTION

[0002] Persistently infected, treatment resistant viral reser-
voirs are a major obstacle to durable treatments, and a cure,
for HIV/AIDS. A viral reservoir is a cell type or anatomical
site in association with which a replication-competent form
of'the virus accumulates and persists with more stable kinetic
properties than the main pool of actively replicating virus.
Thus residual HIV-1 replication continues in the vast majority
of patients treated with even the most intensive highly active
antiretroviral therapy (HAART) and these reservoirs are the
source of virus that remerges upon cessation of therapy. These
viruses must come from somewhere inside the body. The
inventors have chosen to call the location or locations from
where these viruses appear the drug resistant non-plasma
viral reservoir.

[0003] There are at least two well-described mechanisms
for HIV-1 persistence in these patients. These include proviral
latency in resting CD4+ T-cells, as well as residual viral
replication in cells such as the monocytes/macrophages. In
the monocyte population, the CD16 subset is particularly
susceptible to HIV infection and can be a source of viral
reemergence and re-transmission to T cells. Most focus on
viral reservoirs has been on the long-lived T cell reservoir (1),
with comparatively much less attention to minor persistently
infected cell populations.

[0004] Cells of macrophage lineage, including blood
monocytes, brain microglia, as well as gut associated lym-
phoid cells and T cells, play important roles in HIV persis-
tence. Evidence of sequence evolution in blood monocytes, in
comparison to resting CD4+ T cells, demonstrates their dis-
tinct contribution to plasma viremia. (2) and macrophages are
the principle reservoiras T cells become depleted during HIV
progression (3). Of particular importance is the inability of
current optimized HAART therapies to treat monocyte reser-
voirs which actively continue to release infectious virus
which then spreads throughout the body and brain due to
trafficking of these infected cells (2, 4).

[0005] Compositions that have dramatically increased
potency, reduced aggregation, and increased stability of pep-
tides are useful in the therapeutic treatment of persistant HIV
cellular viral reservoirs, prevention of neurnal apoptosis in
AIDS, and reduced inflammation. Specifically compositions
having at least one peptide prepared in a manner which retains
and enhances biological acticvity.

BACKGROUND AND INFORMATION

[0006] CD4 T cells and monocyte/macrophages (M/M)
play an important role in all phases of human immunodefi-
ciency virus type 1 (HIV-1) infection, acting as vehicles for
virus dissemination in the body and representing the major
reservoir for long term persistence of HIV-1 during highly
active anti-retroviral therapy (HAART) (5-7). Elimination of
these viral reservoirs are an important treatment goal not
achieved by current optimized highly active antiviral thera-
pies. M/M continue to shed infectious virus, even with effec-
tive HAART therapy, and thus are a source of reinfection and
evolution of treatment resistant viral strains.
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[0007] Microglia, local differentiated M/M, are the main
source of virus in the brain, whose pathogenic secretory prod-
ucts cause neuro-AIDS (8, 9). HIV-1 entry into cells occurs
after binding of the viral envelope glycoprotein gpl20 to
specific chemokine receptors in conjunction with the CD4
receptor (10, 11) CCRS in particular is the principal corecep-
tor for the HIV-1 strains that are transmitted between indi-
viduals and which predominate during the early years of
infection and predominate in the brain where they cause the
manifestation of neuro-AIDS, via infection of CCRS express-
ing monocytes and microglia (12, 13). M/M and microglia are
infected primarily by CCRS using HIV strains. CCRS is also
expressed on neuronal cell lines and astrocytes in the brain
and, whereas it is known that neuronal cells are usually not
productively infected by HIV-1, in vitro studies have shown
that natural ligands of CCRS protect neurons from gp120-
mediated apoptosis (14-16). Drugs which block CCRS recep-
tors on brain cells would be useful treatments to prevent
neuronal apoptosis, a cause of Neuro-AIDS and dementia or
mental impairment. Furthermore antibodies that block gp120
binding to CCRS would be useful as a broadly neutralizing
AIDS vaccine as CCRS co-receptor use is an invariant feature
of viral strains that establish initial infection.

[0008] Dalal-peptide T-amide (DAPTA) is a synthetic pep-
tide derived from HIV gp120 that functions as a viral entry
inhibitor by blocking gp120 binding to CCRS (13, 17, 18).
Freshly prepared, compared to stored, solutions of this small
peptide suppresses the infection of peripheral blood mono-
cytes in vitro (17) suggesting that blocking infection of mono-
cytes in patients would prevent and reduce the population of
infected differentiated M/M which are resistant to current
treatments and which form a reservoir of infected differenti-
ated M/M in patients MM reservoirs are sources of infection
for T cells which sustain low level viral replication in the face
of therapy leading to resistance development and treatment
failure. Current HAART therapies do not effectively treat the
monocyte.macrophage reservoirs (2, 19, 20).

[0009] A small clinical trial of DAPTA has shown mixed
results, having some antiviral benefits in the monocytes, but
failing to reduce plasma viral load, the main endpoints of the
study. An earlier multi-site, placebo-controlled trial con-
ducted by the NIH had also failed to achieve significance on
the main trial endpoints, neurocognitive benefits (21), as did
a placebo-controlled trial of peptide T for HIV associated
neuropathhic pain (22). An analysis of frozen stored plasma
samples conducted by the NIMH in the early-1990’s from the
randomized double-blind placebo-controlled trial of DAPTA
for HIV-associated cognitive impairment (21) found a barely
significant reduction in viral load (0.54 log 10, p=. 037), a
modest effect, not comparable to the -2 log 10 reductions of
viral load offered by several current anti-viral therapies.
These marginal clinical benefits were inexplicable in the con-
text of the many successful in vitro studies and an explanation
was sought. Patient reports of sporadic gel foiniation in trial
nasal sprayers suggested an explanation focused on the bio-
physical character of the peptide drug. This sporadic change
in physical state was unexpected and had not been revealed in
many scientific studies which had used peptide T, and had not
been reported in any of the clinical articles. An analysis of
clinical trial formulated drug according to U.S. Pat. Nos.
5,276,016 and 5,834,429 revealed substantial aggregation
and loss of biological activity, in a variable manner, depen-
dent upon individual storage conditions and temperature.
Further direct experimentation showed that DAPTA and pep-
tide T quickly formed aggreagates in solution, which over
time formed fibrils, and that both aggregates and fibril forms
were devoid of biological activity. Therefore reduction to
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practice required that the non-obvious formation of multim-
ers must be remedied for considerations of both patient safety
and drug efficacy.

SUMMARY OF THE INVENTION

[0010] The present invention relates to compositions and
methods of preparation of monomeric Dalal-peptide T-NH2,
Peptide T, and related peptide analogs in which pre-existing
seed aggregates introduced as part of the normal solid-phase
synthesis and removal of solvents are removed, and the prepa-
ration of solutions suitable for human treatment uses that do
not form aggregates upon storage is possible. Furthermore,
the present invention provides for compositions that when
administered preclude or reduce aggregation thereby increas-
ing the shelf-life of the therapeutic or increasing the range of
conditions, such as temperature or aggregation that may be
tolerated without causing harm to the functional properties of
the therapeutic. Furthermore, peptide therapeutics like
DAPTA and peptide T and analogs, when prepared in such a
manner evince enhanced potencies of 100-1000 fold by tests
of in vitro antiviral effect on monocyte/macrophages, indi-
cating a treatment use for lowering or eliminating persistent
viral reservoirs by blocking CCRS5. These compositions of
monomeric DAPTA, peptide T and analogs would also pre-
vent neuronal apoptosis, a cause of AIDS dementia, and
down-regulation of CCRS5, leading to reduced inflammation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1illustrates the results of DAPTA treatment on
HIV infected M/M cells.

[0012] FIG. 2 confirms DAPTA binding is specific for
CCRS by illustrating a competition for CCRS5 binding
between CCRS-FITC antibody and DAPTA.

[0013] FIGS. 3A-B illustrates peptide DAPTA treatment
reduces DNA formation in M/M cells.

[0014] FIG. 4 illustrates DAPTA treatment lowers CCRS
expression on neuronal cell lines

[0015] FIG. 5 illustrates DAPTA significantly reduces lev-
els of apoptosis caused by HIV.

DETAILED DESCRIPTION OF THE INVENTION

[0016] The present invention may be more readily under-
stood by reference to the following specific embodiments and
examples

[0017] A method for reducing or preventing the aggrega-
tion of a therapeutically active peptide, polypeptide or variant
thereof upon reconstitution by admixing a therapeutically
active peptide, polypeptide or variant thereof and a fluori-
nated organic solvent, removing the fluorinated organic sol-
vent, and reconstituting the therapeutically active peptide,
polypeptide or variant thereof with an aqueous solution,
thereby increasing the biological activity of the therapeuti-
cally active peptide, polypeptide or variant thereof by elimi-
nating minor contaminant aggregates which form seeds that
then rapidly promote further aggregation leading to fibril
formation and loss of bioactivity. The fluorinated organic
solvents include but are not limited to trifluoroethanol (TFE)
and 1,1,1,3,3,3,-hexafluoro-2-propanol (HFIP). Concentra-
tions of fluorinated organic solvents, where TFE is a favored
embodiment, comprise 80to 100%. Although use of the lower
TFE concentration is possible, use of 100% is favored as it
avoids an artifact introduced by drying which would partition
some of the peptide into the residual water phase at the high
concentrations which promote aggregation. Concentrations
of'peptide should be maintained at 5 mg/ml or less in the final
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reconstitution in water, in the absence of salts, especially
NaCl, which is commonly used to prepare physiological solu-
tions.

[0018] The invention also provides a method for increasing
the biological activity, promoting storage stability, and pre-
venting or eliminating aggragation of a therapeutically active
peptide, polypeptide or variant thereof by reconstitution in a
fluorinated organic solvent with vigorous shaking at warm
temperatures, from 37 to 56 C for 24 hours or longer.

[0019] The invention also provides a method for increasing
the biological activity of a therapeutically active peptide,
polypeptide or variant thereof upon reconstitution by admix-
ing a therapeutically active peptide, polypeptide or variant
thereof and a fluorinated organic solvent, shaking in the
warm, removing the fluorinated organic solvent, and recon-
stituting the therapeutically active peptide, polypeptide or
variant thereof with an aqueous solution, thereby increasing
the biological activity of the therapeutically active peptide,
polypeptide or variant thereof.

[0020] Still, the invention provides a method for reducing
or preventing fibrillar formation of a therapeutically active
peptide, polypeptide or variant thereof upon reconstitution by
admixing a therapeutically active peptide, polypeptide or
variant thereof and a fluorinated organic solvent, removing
the fluorinated organic solvent, and reconstituting the thera-
peutically active peptide, polypeptide or variant thereof with
an aqueous solution, thereby increasing the biological activ-
ity of the therapeutically active peptide, polypeptide or vari-
ant thereof.

[0021] The therapeutically active peptide, polypeptide or
variant thereof of the invention includes but is not limited to
Peptide T or an analog thereof, including D-ala'-Peptide
T-amide, D-ala*-Peptide T lacking an amide at the C-termi-
nus, D-ala' Thr®-Peptide T amide, Vasoactive Intestinal pep-
tide (VIP), Thr-Thr-Ser-Tyr-Thr,. Peptrides in the normal L
form, may be prepared and used in this manner.

Monomeric DAPTA Inhibits Replication of HIV-1 CCRS-
Using Strains in Macrophages.

[0022] DAPTA was prepared by the methods described
herein to be free of aggregates. These aggregated peptide
forms are themselves biologically inactive due to their inabil-
ity to bind to CCRS5, and their presence in minute amounts in
stored solutions promotes further aggregation and fibril for-
mation, with concomitant loss of biological activity and clini-
cal effect. Standard and typical formulations used in previous
trials (21), or laboratory studies (23) have lost activity, or been
devoid of activity. The reasons for variable and negative
results have been confounding and until now unknown, with
pernicious and deleterious effects for meeting treatment
needs in HIV/AIDS.

[0023] Viral replication and production in HIV-infected
M/M treated with DAPTA was assessed 14 and 21 days after
infection for p24 antigen production. A representative experi-
ment is shown in FIG. 1.

[0024] The CCR5-using HIV-1 strain, 81A had p24 gag
antigen production of control M/M cultures reduced ~80% by
doses of monmeric DAPTA as low as 107'* M (FIG. 1).
DAPTA had no effect on HIV-1 p24 antigen production in
M/M infected by CXCR4-using (X4) strains, HIV-1 1IIB
(data not shown). These results are some 100-100,000 fold
lower than described in earlier reports. Thus Sodroski failed
to find antiviral effects of DAPTA at doses as high as 1077 M
(23), and effective in vitro doses were typically reported to be
1072 M to 10™° M (17). Thus this improved formulation
enhanced in vitro potency by 100 to 100.000-fold. Prepara-
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tion and storage of DAPTA, without modifications to prevent
aggregation, can rapidly result in orders of magnitude loss of
potency,

Monomeric DAPTA Induced CCRS Binding in Human Pri-
mary Macrophages

[0025] To confirm that monomeric DAPTA binding is spe-
cific for CCRS, a competition experiment between CCRS-
FITC antibody and DAPTA in M/M was done. Flow cytomet-
ric analysis showed that 20% of DAPTA treated M/M are
CCR5+ positive. Treatment with monomeric DAPTA
reduced CCR % expression to 9% with 107> M DAPTA,
compared with 35% of mock-treated M/M (FIG. 2) (p=0.
001).

[0026] Overall, the inhibition of CCR5-binding by several
DAPTA doses is about 43% and reaches a maximum of 73%
with 107' M. These results clearly indicate that DAPTA
reduced the CCRS5 antibody binding to the receptor in M/M
by down-regulating receptor expression. DAPTA composi-
tions which did not have reduced or absent aggregates failed
to down-regulate CCRS5 expression (data not shown).

Monomeric DAPTA Reduces Levels of HIV-1 DNA in
Human Primary Macrophages

[0027] To further prove that monomeric peptide DAPTA
blocks virus infection with increased potency, M/M were
analyzed for HIV-1 DNA formation. Eighteen hours postin-
fection, genomic DNA was extracted and two-fold dilution of
cell equivalents (range 1x10°%-1.25x10%) were amplified in an
inverse/nested PCR specific for a conserved gag region of the
viral genome. Semi-quantitative analyses of HIV-1 DNA in
M/M were performed by comparison of DNA amplification
products from infected cells, standardized by PCR for f$-ac-
tin, to standards of amplified Ul DNA copies and cell num-
bers. The UN-SCAN IT-gel software (Silk Scientific Inc.)
was used to determine band densities (FIG. 3A). We observed
that HIV-1 DNA per 2.5x10° cells declined with 64% in the
presence of peptide DAPTA (1077 M) and with 70% in the
presence of 10™° M peptide DAPTA, compared with not-
treated cells. In the absence of peptide DAPTA or 2D7 mAb,
approximately 1x10* HIV-1 copies were presented per 10°
M/M (i.e. 0.1 copy x M/M). The inhibition of HIV-1 DNA
formation detected in M/M in the presence of mAb 2D7 at the
maximum amount of 3 pg/ml was approximately 39% (FIG.
3B). In conclusions, these data indicate that monomeric
DAPTA inhibits productive infection in M/M by blocking
specifically the CCRS dependent entry with a potency greater
than that of the specific anti-CCRS antibody 2D7. The results
suggest use as a therapy for treatment resistant monocyte/
macrophage or T cell infection in HIV/AIDS.

MONOMERIC DAPTA Effects on CCRS Binding and
gp120-Induced Apoptosis in Neuronal Cell Lines

[0028] To assess CCRS expression on surface of neuronal
cell lines, SK-N-SH were stained with 2D7 mAb in presence
or in absence of DAPTA (at different doses) and TAK-779.
SK-N-SH line has the potential of differentiating to neural
cells in the presence of retinoic acid, and it has been used as
a model of primary neurons. The results indicate that CCR5
expression in these differentiated cells is limited and further
reduced in the presence of DAPTA; indeed an inhibition of
CCRS expression of 68.5% and 72% in presence of 10~*M
and 107'°M DAPTA concentration respectively was
observed in comparison with unexposed SK-N-SH (FIG. 4)
(p<0.001). In the presence of TAK-779 (1.8x107% M) the
inhibition is about 61%. Thus, monomeric DAPTA is consid-
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erably more potent than TAK-779 to downmodulate CCRS5
coreceptor expression in a neuronal cell line.

[0029] Finally, we exposed differentiated SK-N-SH cells to
the RS HIV-1 strain Bal., in the presence or absence of mono-
meric DAPTA, and assessed neuronal apoptosis. Time-course
studies revealed that cell apoptosis in this cellular line
occurred between 5 and 6 days after addition of the virus.
Thus results will be shown at day 5. In particular, when
SK-N-SH were incubated with HIV-1, ;. a dramatic reduc-
tion of cell viability was seen by FACS analysis. The cyto-
pathic effect, observed in SK-N-SH exposed to RS HIV-1
released from infected M/M, was mainly related to apoptosis.
Indeed, FACS analysis showed apoptosis in 60% of SK-N-SH
cells exposed to HIV-1p,, compared to 28% and 26%
observed in DAPTA 107>M and 10~'*M treated cells, respec-
tively. To compare the anti-apoptotic effect of monomeric
DAPTA with other CCR5-binding molecules, we also tested
the CCRS antagonist TAK-779. SK-N-SH cells treated with
1.8x107° M TAK-779 (a concentration able to strongly inhibit
virus replication in M/M) resulted in only a 30% inhibition of
apoptosis compared with the cells not treated with TAK-779
(FIG. 5). These data also indicated that monomeric DAPTA is
more potent in preventing the neuronal apoptosis compared to
TAK-779 and has increased potency compared to non-mono-
meric peptide preparations.

[0030] Intreating HIV infection, useful peptide concentra-
tions in the composition can range from about 5 mg/ml to
about 0.00005 mg/ml. Effective blood plasma levels are
expected to range from about 10~°M to about 107'"M. The
inventors specifically contemplate the use of all concentra-
tions within these ranges depending on the surrounding cir-
cumstances. For example, treated patients can be in different
stages of infection, have different genetic or physiologic
backgrounds. Different concentration levels will be optimal
as one balances drug potency and adverse side effects.
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We claim:

1. A method of treating HIV infection in drug-resistant
non-plasma viral reservoirs comprising:

administering a pharmaceutically effective dose of a

monomeric therapeutic peptide composition to a
patient;
wherein said therapeutic composition treats HIV infection in
said drug-resistant viral reservoir.

2. A method of treating HIV infection as defined in claim 1
wherein said drug-resistant non-plasma viral reservoir is
selected from the group consisting of brain cells, non-brain
neural cells, monocytes, T-cells, GALT (gut-associated lym-
phoid tissue) and macrophage cells.

3. A method of treating HIV infection as defined in claim 1
wherein said monomeric therapeutic peptide preparation
comprises the following steps;

washing in fluorinated organic solvent, and

vigorous shaking for an appropriate time and at an appro-

priate temperature.

4. A method of treating HIV infection as defined in claim 3
wherein;

said fluorinated organic solvent is at least 80% trifluoroet-

hanol,

said time is at least about 24 hours, and;

said temperature is about 37° C. to about 56° C.

5. A method of treating HIV infection as defined in claim 1
wherein said pharmaceutically effective dose results in a
plasma peptide concentration of about 107°M to about
1077M.

6. A method of treating HIV infection as defined in claim 1
wherein said therapeutic composition has a peptide concen-
tration in the range of about 5.0 mg/ml to about 0.00005
mg/ml.

7. A method of treating HIV infection as defined in claim 1
wherein said monomeric therapeutic peptide is monomeric
DAPTA.

8. A method of treating HIV infection by inhibiting viral
entry into cells comprising:

administering a pharmaceutically effective dose of a

monomeric therapeutic peptide composition to a
patient;
wherein said therapeutic composition lowers the number of
CCRS5 receptors on cell surfaces, inhibits viral entry onto cells
and thus treats HIV infection.
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