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Microbicide drug candidates to prevent HIV infection

Jan Balzarini, Lut Van Damme

25 years after the first HIV/AIDS cases emerged in 1981, the disease continues to spread worldwide, with about
15000 new infections every day. Although highly active antiretroviral therapy (HAART) has greatly reduced the rate of
HIV infection, and the spread of the epidemic, this effect has largely been seen in developed countries. More than
90% of HIV-infected people live in developing countries, most of whom do not have access to this treatment. The
development of efficient, widely available, and low-cost microbicides (gels and creams can be applied topically before
sex) to prevent sexually transmitted HIV infections should be given high priority. We review different categories of
microbicide drugs and lead compounds, their mechanism of action, current status of development, and progress in

phase III trials.

Introduction

After sexual exposure to HIV, there are several
mechanisms by which the virus can infect an individual,
and there is dissent in the scientific community on the
relative importance of each of the infection pathways
used by the virus."” In the genital tract, the virus can
enter through the intact stratified vaginal epithelium
or the single layer of the cervical columnar epithelium
cells (figure).’ In the genital and rectal sub-mucosa
area, CD4+ T-cells, macrophages, and dendritic cells
can then be infected by HIV.** The virus can establish
infection by attaching its envelope gp120 protein to the
CD4 surface protein of T-lymphocytes in conjunction
with a chemokine (CXCR4 or CCR5) co-receptor. HIV
can also attach its envelope gp120 protein to DC-SIGN,
a C-type mannose-specific lectin, expressed by dendritic
cells.” The underlying molecular mechanisms of HIV
transmission by dendritic cells is not fully understood.
However, research shows that DC-SIGN can act as an
HIV-trans-receptor that efficiently transfers the virus to

CD4+ T lymphocytes shortly after exposure to the virus.
This process, known as trans-enhancement of T-cell
infection, is independent of DC-SIGN internalisation
signals, which means that HIV does not necessarily
need to be internalised by these cells to be transferred
to T cells.” Several days after viral exposure, HIV
transfer to T cells continues to occur exclusively
through infected dendritic cells that transmit newly
synthesised virus particles. In this infection pathway,
DC-SIGN cooperates with the HIV entry receptors to
facilitate cis-infection of the immature dendritic cells
and subsequent HIV transmission to T cells. This
mode of transmission might be physiologically more
relevant than the intracellular storage of incoming
viruses by the dendritic cells.” Other dendritic cells,
Langerhans cells, that are present in the stratified
vaginal epithelium, do not express the mannose C-type
lectin receptor. Instead, CD4 is well-expressed, but
CCR5 and especially CXCR4 are poorly expressed,
probably resulting in a rather moderate efficiency of
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Mechanism of microbicidal action

Vaginal, cervical, or rectal mucosa

Tissue or cell surface

Virus surface

Inside the cell

Direct inactivation (ie, detergents or surfactants)

Preservation of vaginal acidic environment

Enhancement or restoration of commensal organisms (eg, lactobacilli)
Physical barrier (ie, gel formulations)

HIV cell receptors and co-receptors

Viral adsorption or fusion with target cells

Viral envelope: polyanionic polymers (virus adsorption); envelope
gp120 or gp41 interacting agents (virus entry)

Specific low-molecular weight anti-virals interfering with the
replication cycle of the virus (eg, virus-encoded reverse transcriptase or
integrase)

Table 1: Target sites and mechanisms of microbicides
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Panel 1: Properties of an ideal anti-HIV microbicide

e Potent activity against most HIV strains

e Preferably broad activity against other sexually
transmitted pathogens

e Direct virucidal activity

e Preservation of microbicidal activity in the presence of
seminal fluid

e Effective against both cell-free and cell-associated HIV

e No effect on the structural integrity of vaginal, cervical, or
rectal mucosal epithelium

e No effect on vaginal commensal flora, especially

lactobacilli

Preferentially contraceptive properties

Resistant to acidic, vaginal pH or enforcing an acidic pH

Stable at higher, tropical temperatures

Odourless, colourless, and tasteless

Compatibility with latex

Easy to use

Low cost and readily accessible

Acceptable to all sexual partners

Langerhans cells to establish a productive HIV infection."
Macrophages also contain mannose-binding C-type lectin
receptors that can bind HIV envelope gp120, resulting in
subsequent transmission to T cells.”? The ideal microbicide
should be able to cope with this variety of HIV infection
mechanisms, but should also be able to block progressive
infection once HIV is intracellular. Thus, HIV prevention
would probably need the use of a combination of several
microbicide drugs in one formulation that also includes a
specific antiretroviral drug.

Microbicides can act through various ways (table 1).
They also have varying degrees of specificity: non-specific,
moderately specific, or highly HIV-specific. The
non-specific and moderately specific microbicides are
often active against several sexually transmitted
pathogens, and could also have a spermicidal (and thus
contraceptive) effect. Potential contraceptive properties, if
any, should be well understood and characterised before
the drug is advocated for use. Highly HIV-specific
microbicides are active solely against HIV, and sometimes
exclusively against HIV-1. Non-scientific reasons, such as

ease of use and cost, will also determine the choice of
candidate microbicide drug for clinical development
(panel 1).%*

Non-specific microbicides

Although the incidence of male-to-female HIV sexual
transmission is generally low (transmission probability
per act varies from 0-0001-0-004),'" its probability
increases with viral load in semen, and further increases
when the male partners are acutely infected.” Non-specific
microbicides can tightly or irreversibly bind to the HIV
envelope. Therefore, complete or even incomplete
inactivation of cell-free, or cell-associated HIV, or both, in
semen by appropriate microbicides would prevent or
markedly decrease the probability of virus transmission.
Vaginal HIV infection is greatly facilitated by the presence
of other sexually transmitted infections.** Thus,
treatment and prophylaxis for these infections should
reduce the likelihood of HIV infection. Detergents or
surfactants (surface-acting agents) that destroy the
integrity of the viral envelope by solubilising the
membrane proteins, and buffering agents that preserve
the acidic pH in the vaginal environment, thereby
increasing the instability of the virus particle, are the
main compounds in this category.

Detergents or surfactants
The prototype detergent compound is the non-ionic
surfactant nonoxynol (N-9) that forms a chemical barrier
between the vaginal mucosa and the ejaculate. However,
since N-9 disrupts the phospholipid membrane of cells, it
can cause non-specific damage to vaginal epithelium
cells, and uterine and cervical tissue, increasing rather
than decreasing the likelihood of HIV infection.”® In a
phase III study of this compound,”* African and Thai
female sex workers who applied an N-9 gel (COL-1492)
several times a day had a higher rate of HIV infection
(147 per 100 woman-years) compared with those using a
placebo (10-3 per 100 woman-years). Exploratory analysis
showed that the treatment group had an increase in
genital tract lesions with an epithelial breach, which was
linked to a higher incidence of HIV seroconversion.
WHO no longer advocates N-9 for HIV-1 prevention.”
Sodium dodecyl sulphate (SDS), also called sodium
laurilsulfate (SLS),** are sulphated (negatively charged)
surfactants that denature membrane proteins of
pathogens and cells. SLS has inhibited HIV and herpes
simplex virus (HSV) in cell culture and in animal
models.” The glycoproteins of the HIV envelope are
affected by SLS, resulting in a compromised adsorption
of the virus to its target cells.” Since SLS can be
formulated as a thermoreversible gel,* it could act both
as a physical barrier and as a denaturating agent for the
external proteins of the exposed pathogens. However,
whether long-term application of such surfactants will
eventually result in similar side-effects as those of N-9
remains to be seen.
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C31G is a surfactant with potential as a microbicide and
spermicide contraceptive. It consists of an equimolar
mixture of two surface-active amphoteric agents (alkyl
amine N-oxide and an N-alkyl N-dimethylglycine (alkyl
betaine) buffered with citric acid, and it disrupts the
membrane with its alkyl moiety.® A clinical study has
shown that many patients are reluctant to use it because
of associated burning sensations.” Bax and colleagues®
assessed formulation changes of the surfactant and
concluded that 1%, 0-5%, and 1-7% co-polymer gel
formulations merited further study for safety and efficacy.
However, clinical trials of C31G have recently been
discontinued.

Buffering agents

Maintenance of the acidic pH in the cervicovaginal fluid
is important for innate immunity against infections such
as HIV and other pathogens.” By contrast, semen is
alkaline (pH 7-1-8-0) and increases the vaginal pH,
thereby diminishing the natural defense mechanisms.”
Normally, the vaginal pH is acidic (3-5-4-5) primarily
due to the production of lactic acid and H,O, by
commensal lactobacilli. Lactobacillus suppositories or
“probiotics”—living bacterial preparations—can be used
to re-acidify the vaginal environment. Since an effective
microbicide should not greatly affect the commensal
vaginal flora, co-application of probiotics with microbicide
drugs could help to maintain the normal vaginal ecology.

Buffering agentsinclude ACIDFORM gel (a bioadhesive,
acid-buffering, microbicidal contraceptive gel; Program
for Topical Prevention at Conception and Disease; Instead;
Dallas, USA)* and BufferGel (an acidic carbopol-
containing buffering microbicide; ReProtect; Baltimore,
MD, USA).* Such agents are designed to maintain the
acidic vaginal pH and thus the vaginal defence
mechanisms. Both gels have a pH of 3-5-3-9. BufferGel
is being tested in a phase IIb clinical trial. ACIDFORM is
being assessed for long-term safety and the prevention of
sexually transmitted infections (excluding HIV) in
combination with the diaphragm. It is crucial that
microbicide formulations have strong bioadhesiveness
and retain their viscosity.

Household substances such as lemon juice, “carbonated
cola drinks”, and vinegar have been suggested to keep the
vaginal environment acidic.® However, studies indicate
that concentrated lemon juice could irritate and even
damage the vaginal lining, making it more, rather than
less, likely for the woman to become infected.” Thus, it is
important that “potential microbicides” are carefully
investigated for side-effects before their use is widely
promoted.*

Moderately specific microbicides

A broad variety of anionic polymers that target the
adsorption and fusion process of the virus infection are
under investigation. They are thought to bind to the viral
envelope through their negative charges and block viral
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entry into the target cells. Although efficient in preventing
contact between the cell-free virus and its target cell,
these substances generally need to be used in high
concentrations to prevent transmission of the
cell-associated virus to uninfected cells.”* However,
some substances such as cellulose acetate phthalate have
been shown to be effective in this regard in co-cultivation
assays of transmission of HIV from virus-infected
peripheral blood mononuclear cells (PBMC) to uninfected
CEM/X174 cells.” Because of the limited general toxicity
of these anionic substances, their therapeutic possibilities
are clearly broader than those of the detergents or
surfactants. They could be active against not only HIV
but also other enveloped viruses such as HSV-2. A broad
variety of polyanionic compounds that might qualify as
potential candidate microbicide agents are currently in
advanced clinical trials. The following products™*¥*
belong to this category: sulphate esters of al,4-D-glucose
polymers (such as dextran sulfate and dextrin sulfate),
polygalactose+3,6-anhydrogalactose copolymers (such as
the naturally occurring carrageenans), [1,4-glucose
polymers (such as cellulose sulphate); sulphated polyacryl
and polyvinyl polymers such as sulphated copolymers of
acrylic acid with vinyl alcohol (PAVAS) and sulphated
polyvinyl alcohol (PVAS); sulphonated polymers such as
the naphthalene sulphonate polymer PRO-2000 and
poly(styrene-4-sulphonate); polycarboxylates such as
acrylic acid polymers (carbomer 9748, buffer gel) and
cellulose acetate phthalate (CAP). Their antiviral activities
vary depending on the size (molecular weight) and
density (charge distribution) of the anionic entity on the
molecules.”*® The susceptibility of viruses to the
inhibitory effect of these polymers differs depending on
whether the viruses use coreceptor CXCR4 (X4 HIV) or
CCR5 (R5 HIV).** Some polymers (for example PRO
2000 and CAP) inhibit and inactivate both X4 and R5
viruses while other polymers appear effective only against
X4 viruses.”*

Sulphate and sulphonate polymers differ in their
pharmacological behaviour. Whereas the sulphonate
(-SO3) groups are tightly linked to the polymers and
highly metabolically stable, the sulfate groups (-OSO3 )
can be subject to hydrolysis (release) by sulphatases
present in the vaginal ecosystem,” resulting in
inactivation of the compounds. They might also undergo
detoxification by converting the negatively charged
polymer to an uncharged or lesser charged substance. It
is unclear whether the enzymatic activity of bacterial
sulphatases is sufficient to substantially affect the
antiviral activity of sulphated polymers during the limited
time (eg, a few hours) in which the microbicides would
be expected to exert their antiviral activities in vivo.

The high molecular weight cellulose sulphate polymer
(Ushercell, Global Microbicide Project, Polydex) has been
shown in vitro to prevent infection by HIV, herpes
simplex virus type 1 (HSV-1) and HSV-2, and proved also
inhibitory against Neisseria gonorrhoeae, Chlamydia
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trachomatis, human papillomavirus, and Gardnerella
vaginalis.**¥ It has been formulated as a 6% gel, and
found to be promising in three different phase I
multi-dose safety and acceptability studies.®** A phase II
clinical trial of this compound as a contraceptive
completed earlier this year showed promising results.
Two phase III HIV prevention trials are ongoing in
multiple sites in Africa and India to evaluate its
effectiveness against HIV, Neisseria gonorrhoeae, and
Chlamydia trachomatis (table 2).

Carraguard, which contains galactose-linked poly—
saccharides (carrageenan) from the red seaweed Gigartina
skottsbergii, blocks HIV infection of cervical epithelial
cells and trafficking of HIV-infected macrophages from
the vagina to lymph nodes.”***** Several phase I and II
clinical trials have shown that there are no unacceptable
adverse effects of 2% or 3% vaginal gel formulations.*
Carraguardisbeingassessedinaphase III HIV-prevention
trial in three sites in South Africa (table 2).

PRO-2000, a synthetic naphthalene sulfonate polymer
(Indevus Pharmaceuticals Inc, Lexington, MA, USA) is
active in vitro against HIV at 0-01% in T lymphocytes,
macrophages and cervical explant tissue® and inhibits
HSV-1, HSV-2, Chlamydia trachamatis, and Neisseria
gonorrhoeae.” PRO-2000 was also shown to be effective in
preventing vaginal infection of macaques by a hybrid
simian-human  immunodeficiency virus  (SHIV).®
Whereas there is no evidence of systemic absorption of
PRO 2000, drug concentrations in cervico-vaginal lavage
exceeded 25 pg/mL in 0-5% and 4% gel groups at 2 h after
the first dose.” These levels are capable of preventing HIV
infection in vitro.” Since some adverse effects were noted
in a phase I study using 2% formulations, which were
even more evident with 4% formulations, a recom-
mendation was made to test the gel further at lower
concentrations and dosing frequencies.” One ongoing
phase IIb trial is comparing 0-5% PRO-2000 with
BufferGel and condom only; another ongoing phase III
trial is comparing 0-5% with 2% PRO-2000 gel (table 2).

CAP has been shown to be virucidal against HIV-1 and
herpes viruses, and also inhibitory to pathogens of the

genital tract.”*>** CAP blocks infection by both cell-free
and cell-associated HIV.® It is the only candidate
microbicide in which the active ingredient is provided in
the form of micronised (about 1 pm diameter) particles.
This is expected to assure a lack of systemic absorption.
The particles adsorb HIV and force the virus envelope
glycoprotein gp4l into a fusion-inactive conformation
preventing infection.”® CAP was shown to be effective in
preventing infection in both high virus titre and repeated
low-dose vaginal infection of macaques by SHIV.*¢
When vaginally administered in rhesus macaques, CAP
was considered safe for repeated use, showing no
evidence of penetration into cells that line the vaginal
epithelium, nor any adverse effect on vaginal pH or
composition of the vaginal microflora. These favourable
data from animal tests could support its use as a potential
candidate vaginal microbicide in human clinical trials.®

Some dendrimers—polymeric compounds assembled
from a central core into a highly branched structure, and
often containing negatively charged groups—interfere
with HIV entry. 1% and 3% gel formulations have been
tested in non-human primates and found not to irritate
the tissue.” They could also be considered as potential
microbicide drug candidates.

Highly specific anti-HIV agents

HIV-specific microbicides should preferentially block the
viral infection cycle before the viral genome gets
incorporated in the target cells as proviral DNA (panel 2).
Therefore, the sites of virus entry (adsorption and fusion),
uncoating, reverse transcription (ssSRNA—dsDNA) by
the virus-encoded reverse transcriptase, and integration
of the proviral DNA in the host cell chromosomes by the
virus-encoded integrase could be potential targets for
microbicidal intervention. Targeting viral entry seems
the most promising method, preventing virus particles
from entering its susceptible cells and, as shown or
expected for most entry inhibitors, also preventing
transmission of the virus from virus-infected cells to
uninfected cells or transmission of dendritic cell-captured
virus to lymphoid cells, or both. However, if the virus has

Study sponsor

Trial countries

Study design Target populations Sample size

BufferGel and PRO2000

0-5% gel

Cellulose sulfate*

Carraguard

Pro2000 0-5% and 2%

Savvy (C31G)

*On February 1, 2007, both trials were stopped because preliminary results at some sites in the Global Microbicide Project Study suggested potential increased risk for HIV for women who use the compound.®

HIV Prevention Trial Network

Global Microbicide Project (GMP-CONRAD)

Population Council

UK Microbicides Development Programme

Family Health International

Malawi, South Africa, Tanzania, USA,
Zambia, Zimbabwe

Uganda

Family Health International and GMP-CONRAD  Nigeria

South Africa

Cameroon, South Africa, Tanzania,
Uganda, Zambia, Swaziland

Nigeria

Benin, Burkina Faso, India, South Africa,

4-group phase ll/llb  Any sexually active woman 3220

2-group phase Il High-risk population through own 2574

sexual behaviour

2-group phase Il High-risk population through own 2142

sexual behaviour
Any sexually active woman 6270
11920

2-group phase lll

Any woman who is likely to be
sexually active

3-group phase Il

2-group phase Il High-risk population through own 2142

sexual behaviour

Table 2: Phase llI clinical trials of ongoing microbicide formulations
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already entered host cells, or has entered the host through
virus-infected cells, specific antiretroviral therapy,
targeting one of the replication steps between entry and
proviral incorporation could be necessary.

HIV entry inhibitors targeting the cellular side

Virus entry inhibitors can be directed at the cell level or at
the level of the virus gp120/gp41 envelope proteins; both
approaches are aimed at preventing the virus from
entering its target cells. The main HIV receptor CD4 can
be targeted by monoclonal antibodies (mAbs; TNX355)
to prevent efficient interaction of this receptor with
gp120. A novel class of cyclotriazadisulfonamide (CADA)
molecules could substantiallybutreversibly down-regulate
the CD4 receptor, making the cells temporarily resistant
to virus infection.” The cytokine co-receptors CXCR4 and
CCRS5 are targeted by a variety of agents, mostly CCR5
inhibitors, including mAbs (PRO-140),” modified

Panel 2: Targets of highly specific microbicide
candidate agents

Cellular receptors
CD4 receptor

mAbs (TNX-355)
CADA down regulator

CXCR4 co-receptor
AMD3100 & AMDO070 small molecule antagonists

CCRS co-receptor

Specific mAbs (PRO-140)

Modified chemokines (NNI-RANTES, PSC-RANTES, LD78[3
isoform of MIP-1a)

Small molecule inhibitors (SCH-C, SCH-D, TAK 779)

C-type lectin receptor (DC-SIGN and macrophage
mannose-binding receptor)

mAbs

mannan

Viral envelope glycoprotein

gp120-binding agents

mAb b12

Carbohydrate binding agents (cyanovirin, plant lectins, or
pradimycin A derivatives; and mAb 2G12)CD4 IgG2
(PRO-542)

BMS-806

gp41-binding agents

mAbs 2F5, 4E10

T20 (enfuvirtide), T1249

Viral reverse transcriptase (RT)
Nucleotide RT inhibitor (NtRTI)
(R)PMPA [tenofovir (disoproxylfumarate)]

Non-nucleoside RT inhibitor (NNRTI)
TMC-120 (dapivirine), UC-781, MIV-150, and DABO

Viral integrase
Variety of candidate agents
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chemokines (NNY-RANTES and PSC-RANTES),"”” and
small molecules (SCH-C, SCH-D, and UK-427857).>7
The modified chemokines not only potently inhibit HIV
infection in cell cultures, but their interaction with CCR5
also results in a sustained down-regulation of the
receptor. There may, however, be practical pitfalls to
using mAbs or modified chemokines as microbicide
drugs, such as their considerable production cost,
anticipated difficulties with scaling-up and purification,
and potential problems with delivery and stability under
in-vivo conditions. Therefore, in the long run, the aim
should be to focus on the development of potent
small-molecule inhibitors. Highly specific small-molecule
CXCR4 blockers (the bicyclam AMD3100 and
AMD-070)*” are under investigation in therapeutic
clinical trials and are not aimed at prevention. A broader
variety of CCR5 blockers exists. Combinations of CCR5
and CXCR4 inhibitors in HIV therapy have been
considered for systemic use.®* CCR5 and CXCR4
antagonists could be combined in a microbicide
formulation, or a compound could be designed to target
both co-receptors.

The C-type lectin receptor DC-SIGN present on
dendritic cells, and other natural mannose-specific
receptors on dendritic cells, as well as the macrophage
C-type lectin receptor (CLR) are thought to be the major
carriers or receptors for the incoming virus.* These cells
can catch virus particles by binding to the carbohydrates
(mannose) abundantly present on HIV gpl20. It is
thought that dendritic cells also play a specific and
possibly prominent role in the transmission of the virus
to the lymphoid tissue. Thus, any efficient way of
prophylactic intervention at this stage would be important
in blocking the spread of HIV in the host. However, this
process cannot be easily targeted by a topical microbicide
because of the distance of dendritic cells from the site of
drug application. Whereas mAbs directed against CLR is
one possible way of intervention, high-mannose oligomer
glycans (mannan) may also competitively block virus
attachment to the CLR.®*® However, it is unclear whether
these type of compounds are capable of efficiently
reaching their site of virus interaction when intravaginally
administered.

HIV entry inhibitors targeting the viral envelope side

Several HIV envelope binding agents have been studied.
The HIV envelope consists of a trimer of the surface
glycoprotein gp120 non-covalently associated with a trimer
of the fusion transmembrane glycoprotein gp41.* A few
mADbs to gp120 and gp41 have a broad neutralising activity
against primary HIV-1 isolates. Moreover, researchers
have recently shown that a combination of three such
mAbs (b12, 2G12, and 2F5) showed neutralisation
synergy,® and some protective activity in macaque
monkeys challenged with HIV-1gp120.* Also, the CD4-Ig-2
(PRO-542; engineered CD4 that has a longer plasma
halflife than soluble CD4) is a potential candidate
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microbicide agent since it binds to the HIV gp120 envelope
and thereby prevents the virus from adsorbing to the
cell-associated CD4 receptor.” However, the development
of small-molecule inhibitors could arguably be prioritised
for practical reasons, because they are at least equally, if
not more, potent and able to “neutralise” a broad array of
primary HIV strains. The recently discovered BMS-806
inhibitor, or one of its closely related derivatives that
specifically interact with the CD4 receptor binding site on
gp120,”* could be an example of a potential microbicide
candidate drug targeting the HIV gp120 envelope.

Carbohydrate-binding agents (CBA) are especially
promising.” The unusually high density of glycans on
gpl20 (and gp4l), almost half of them being
high-mannose type glycans,*’ means they are promising
targets for candidate microbicide drugs. HIV needs a
flexible continuously moving glycan shield to evade
immune surveillance, which is why glycans are
abundantly present on all HIV clade isolates. Some
CBAs have an unusually high genetic barrier and enable
“neutralisation” of a broad variety of HIV clades,
including HIV-2 strains.” Examples of such CBAs are
al,2-mannose targeting cyanobacterial cyanovirin-N
(CV-N) and several ol,3- and al,6-mannose-and
GlcNAc-specific plant lectins.”** Cyanovirin has already
been shown in studies on monkeys to be able to prevent
SHIV infection when intravaginally or rectally applied
as a topical microbicide.””* CBA are the only drug
molecules active against HIV, from which multiple
molecules concomitantly bind to the multiple glycans
on one single target (HIV envelope) molecule. Therefore,
CBA will be much less susceptible to activity loss due to
small mutations on the gp120 than mAbs such as 2G12,
which is directed against a well-defined glycan or
peptide-epitope on gp120.” Attempts are now ongoing to
express and release these relatively small lectin proteins
(much smaller than mAbs) in commensal lactobacilli or
streptococci to create a “microbicidal environment” in
the vaginal ecology.”™ Lactobacillus jensenii has been
engineered to express the functional two-domain CD4
in an attempt to inhibit HIV infectivity by a natural
human vaginal bacterial commensal.” Rao and
co-workers™ reported on an HIV fusion inhibitor
peptide secreted by commensal vaginal bacteria as a live
microbicide for HIV. Even more interesting is the
recognition of small low-molecular-weight molecules—
“artificial lectins”—that specifically target mannose-
containing glycans on HIV gpl20, mimicking the
activity and antiviral properties of lectins.”” However,
potential side-effects of CBA should be monitored, since
many cell types in the human organism, including the
immune system itself, make use of glycoproteins on
their cell surface. However, compared with HIV and
prokaryotes, the presence of high-mannose type glycans
are rare in glycoproteins of mammalian cells, and thus
it is possible that some carefully designed CBA could be
highly selective.”

With regard to targeting gp41, the clinically approved
fusion peptide inhibitor enfuvirtide (T-20), consisting of
a 36-aminoacid stretch in the HR2 region of gp41, blocks
the formation of a six-helix bundle structure which is
critical in the fusion process. Enfuvirtide blocks virus
entry at the stage of HIV envelope fusion with the cell
membrane. A more potent analogue (T-1249), which also
inhibits a broader range of virus strains (and less easily
selects for drug resistance), is under clinical evaluation."
As with CBA, the production of small molecules that
bind to similar gp41 sites as enfuvirtide, but at a lower
cost and more efficiently, are eagerly awaited, and would
represent more realistic microbicide candidate drugs in
the long run.

Post-entry inhibitors

Once in the intracellular environment, the virus cannot
be blocked by entry inhibitors. It can only be stopped
from productive replication and release through
inhibition of the virus-encoded reverse transcriptase (RT)
or integrase (IN). The HIV RT is a well-exploited target of
therapeutic intervention. Several RT inhibitors are
currently considered for, or being studied in, clinical
phase I or phase II trials as potential microbicides." The
NtRTI tenofovir, widely used in systemic, oral treatment
regimens of HIV, is currently in clinical trials as a
potential microbicide. It needs to be metabolised
intracellularly to be converted to its active form, but has a
high genetic barrier. A phase I study with 0-3% and 1%
vaginal tenofovir gels has been concluded, and a phase II
study initiated.® Detectable serum levels of tenofovir
have been recorded, but the clinical significance is
unclear.® By contrast with N(t)RTIs, the HIV-I-specific
NNRTIs have the advantage of a very high therapeutic
index and acting directly (without metabolisation) against
the virus replication.

The lipophylic, tight-binding NNRTIs such as TMC-120
(dapivirine) and UC-781 are most advanced in clinical
trials. UC-781 and TMC-120 effectively prevented HIV
infection in cocultures of monocyte-derived dendritic
cells and T cells with a favourable therapeutic index."”
UC-781 was shown to bind rapidly to HIV-1 RT with high
affinity, and can be effectively “trapped” within the
virion.”™™ It blocked localised infection and cell
dissemination pathways within the human cervical
tissue."™™ Similar results were also seen for TMC-120."
A long-term controlled release of TMC-120 from silicone
elastomer vaginal rings™ could lead to the use of a vaginal
ring for the delivery of microbicides." Vaginal
transmission of HIV-1 in hu-SCID mice could be
efficiently prevented by a gel formulation of TMC-120."

The low oral bioavailability of such NNRTIs might
result in limited systemic absorption, although low levels
of TMC-120 could be present in plasma after high
intravaginal dosing. Whether such low plasma drug levels
are associated with a substantial risk of drug resistance is
unclear. Other NNRTIs that might be potential micro-
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bicides are PETT derivatives (MIV-150) and DABO
derivatives."”™ The first convincing evidence that HIV
integrase inhibitors can clinically act as potent HIV
inhibitors is starting to emerge.” As for HIV RT, integrase
inhibitors could also be microbicide candidate drugs.
Small molecule anti-HIV inhibitors (for example
UC781, TMCI20) with low solubility in water or
physiological fluids have the potential to form a
long-lasting “depot” at sites susceptible to cervicovaginal
HIV infection. This could allow application of the
microbicide well before sexual intercourse.™

Preclinical microbicide model systems for
activity, toxicity, and efficacy measurements
Small-molecule anti-HIV  inhibitors could spread
systemically and their repeated use in healthy individuals
not infected with HIV could result in side-effects that
might only become evident some time after use. Therefore,
the systemic toxicology, reproductive toxicology, and
pharmacodynamics of these compounds must be
understood in detail. The traditional in-vitro HIV infection
and fusion models for microbicide testing include infection
of laboratory cell lines, PBMC, primary macrophages, and
dendritic cells by use of a range of laboratory and clinical
virus isolates from different HIV clades which have
different co-receptor usage. However, ex—vivo human
explant studies (human penile, cervical tissue, and mucosal
explants) and animal models are important in comparing
the efficacies of different microbicide candidates and drug
combinations. Although the hu-SCID mouse model has
been used for microbicide activity testing in vivo,™ the
pig-tailed macaque, the Rhesus macaque, and the
Cynomolgus monkey model are most relevant for
microbicide studies upon vaginal or rectal inoculation of
SIV or SHIV.** As well as considerations of activity or
toxicity in the different cell culture assays and animal
models, large-scale production capacity, stability (pH and
temperature), formulation, and costs of the candidate
microbicide drug also need to be addressed in the decisions
on progression to clinical trials.

The concentrations of anti-HIV compounds in
microbicide formulations adequate to prevent vaginal
infection of macaques by SHIV exceeds by several orders
of magnitude those concentrations sufficient for complete
inhibition of infection in in-vitro systems.!* These
findings must also be considered in the design of
microbicide formulations for human use and will affect
the assessment of safety and economic feasibility of
microbicides intended for use in developing countries.

Phase Il trials: challenges and successes

At the start of 2006, more than 60 candidate microbicides
were in development. 11 potential microbicide drugs
entered phase I clinical trials, and more than 40 are in
preclinical development.” One phase II/IIb and five
phase III trials are ongoing (table 2). On February 1,
2007, the International AIDS Society (IAS) announced

www.thelancet.com Vol 369 March 3, 2007

that the two phase III trials of HIV microbicide
Candidate Ushercel had been stopped as a precautionary
measure due to preliminary results at some sites
indicating a potential increased risk for HIV for women
who use the compound.” Earlier trials of the same
compound involving 500 participants did not indicate
safety concerns.

That any of the candidates have made it to phase III
clinical trials is a success in itself, given that such trials
are huge undertakings with many demands and
requirements. Phase III trials need several thousands of
women to be enrolled to give a statistically meaningful
result—the smallest ongoing phase III trial has a sample
size of about 2500 women. Because of the large sample
sizes needed, most trials are now undertaken across
several countries. Only the Carraguard trial and the
Family Health International (FHI) trials are undertaken
in one country. Multi-country trials have unique
challenges.”” All procedures must be standardised, while
still allowing for local practices. The trials need to have
both ethics and regulatory approval not only in the
country of the trial sponsor but also in each country
where the trial will be held. The process varies by country.
Some countries have national ethics committees as well
as institutional ethics boards. In some countries,
government committees (eg, the Health Ministry
Screening Committee in India) who need to give approval
only meet quarterly, which can delay the response to the
researchers. Before being able to submit the protocol to
ethics committees, all documents that will be shared with
participants (eg, informed consent forms, instructions
for use) need to be translated into local languages.

In the trial preparation, community involvement is an
important aspect™ and can be done through different
mechanisms. Some trial sites have community advisory
boards, others work with a variety of organisations and
stakeholders. The liaison with the community helps in
different ways: raising the profile of the trial helps with
the image of the trial; it could help recruitment and
participant retention, and enable any misinformation
that might emerge about the trial to be quickly intercepted
and dispelled. Some trial organisers draw on expertise
from behavioural and social scientists for these aspects.

Recruiting the required number of women and ensuring
they stay in the trial can be challenging; all trials use
tracing mechanisms and databases to help keep track of
the participants. The provision of lunch or entertainment
are mechanisms that may help keep women motivated."”
Another concernisthe time thatwomen are “off-product”,
which decreases the statistical power of the study. Women
might stop using the product because they become
pregnant due to non-compliance with the study protocol.
Some trials have high pregnancy rates and several
studies provide free contraception to try to decrease
these rates. Almost all trials keep pregnant women in
the trial under the intention-to-treat principle but stop
gel use during pregnancy because of the absence of data
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for the effect of the compound on the fetus. Most trials
assess adherence through self-reporting—only one trial
has a more objective measurement and can detect whether
an applicator has been inserted in the vagina or not.”

One group, the HIV Prevention Trial Network (HPTN),
funded by the US National Institutes of Health, is
undertaking a phase II/IIb trial with 3220 women
randomised to four groups: Pro 2000 0- 5% gel; BufferGel;
placebo; and condom-only. This is the only ongoing trial in
which women might be randomised to a group that is not
given a gel, and the only phase IIb trial to assess the
effectiveness of a microbicide. The researchers hope that
the results of this trial will give an indication for a future
phase III study. The design of these trials is not
straightforward.™ Regulatory requirements demand
follow-up of at least 1 year. In practice, however, a shorter
follow-up time could be preferable because participant
retention would be higher. Given that there are no reliable
surrogate markers for effectiveness against HIV, only
phase III trials can reliably indicate whether or not a
microbicide is viable; thus, establishing the efficacy level of
the microbicide to be used for sample size calculations is
highly arbitrary. Several years ago the US Food and Drug
Administration held a meeting on the design of phase III
microbicide trials that focused on the arguments for and
against inclusion of a trial group using condoms-only. The
discussion among the current phase III trial groups about
trial design and the implications of recent results will help
in designing the next trials.

A difficult but important issue in HIV trials is the care of
people who seroconvert during the study. Trials of tenofovir
prophylaxis® " were stopped (Cameroon), and others not
even started (Cambodia), because of complaints from
activists who said the trial participants who seroconverted
were not given adequate health care. The provision of care
for seroconverters in trials differs from site to site. In some,
care is provided in the study clinic; other sites refer
participants to existing programmes or to trials for
seroconverters.”” Another issue is the sample size. Many
trials have had to increase their sample size, and one trial
had to shut down, because the HIV incidence among the
study participants was lower than that used for sample size
calculations. Although few seroconversions is good for the
participants, trials cannot yield a definite result if there are
not enough seroconversions. Different approaches have
been proposed to better deal with incidence estimates—eg,
the BED assay (a laboratory assay that measures the
concentration of HIV-specific antibody, linking prevalence
to incidence), and feasibility studies.”*"*

Conclusion

Microbicide research and drug development has been built
on the understanding of sexual transmission of HIV and
progress in anti-HIV drug discovery from research focused
on the systemic treatment of the disease. Several drugs
that are currently used or considered for use for systemic
HIV treatment could probably also qualify for microbicidal

use. It is likely that several existing drug derivatives, not
suitable for highly active antiretroviral therapy (HAART),
could qualify as microbicidal candidate drugs.

It is clear that a single microbicidal agent will not be
effective on its own. Instead, a combination of several
drugs, preferentially targeting different steps in the viral
infection process, will probably ensure the most effective
protection. It will be a continuous challenge to decide
which of the wide array of candidate drugs are likely to be
most effective. The epidemic is continuing to spread,
especially in developing countries but also in large areas
of Eastern Europe and Asia, and from specific population
groups such as drug users and sex workers to the general
population. Thus, microbicide research and development
and increasing public awareness of the pandemic should
be one of the highest priorities in health policy. The
academic world, pharmaceutical companies, and
governments have a tremendous responsibility to
speed-up microbicide research to find efficient
microbicide formulations that are affordable, and
accessible. Although it is highly advisable to develop only
those drugs that give the best preventive results,
mathematical models have shown that the use of a
microbicide that is only moderately effective could have a
substantial effect in tackling the epidemic and improving
human health.
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