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Figure 1. The total AIDS research budget for the US National Institute of Allergy and Infectious Diseases (NIAID) was $1.5 billion in 2007. Of this, 33.3% ($497 million) was spent
on all vaccine research. The vast majority of vaccine-related funding ($476 million) was spent on AIDS vaccine research and development. A breakdown of this spending is illustrated

in the second pie chart.

Louis Picker of Oregon Health and Sciences University said any
rational approach to AIDS vaccine development would have to
involve full exploitation of the nonhuman primate model.

But to fully exploit this model, more consistency is required.
Jeffrey Lifson of the National Cancer Institute called for more stan-
dardization among nonhuman primate models, including the
strains of challenge viruses used when evaluating candidates. The
failure of MRKAd5 ignited some discussion among researchers
about the utility of the SHIV model, a hybrid simian/human
immunodeficiency virus (see Getting it right early, IAVI Report,
September-December 2007). Talk about the utility of the SHIV
model continued, but many researchers overwhelmingly spoke in
favor of using the SIV challenge model to prioritize pre-clinical vac-
cine candidates. “The SIV system has many problems, but there are
many aspects of it that are highly reminiscent of HIV,” said Malcolm
Martin of NIAID.

Ronald Desrosiers of New England Primate Research Center
called for extensive pre-clinical testing of viral vector-based vaccine
candidates in nonhuman primates, although he admitted he had a
hard time imagining any viral vector used to deliver HIV immuno-
gens being successful against HIV, “without some breakthrough dis-
covery that I just don’t see coming right now.” Instead, he touted
more creative approaches, including the use of viral vectors to
deliver HIV monoclonal antibodies.

Overall there was little dissent about the role of nonhuman primate
models in preclinical development, but some participants were reluc-
tant to endorse the model as the “gatekeeper” by which decisions are
made about which vaccine candidates should be advanced into clin-
ical trials. Julie Overbaugh of the Fred Hutchinson Cancer Research
Center argued that none of the nonhuman primate models have been
validated in their ability to predict vaccine efficacy in humans. “It [the
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nonhuman primate model] shouldn’t be used solely as a go no-go,”
said Seth Berkley, president and chief executive officer of IAVI.

Influx of ideas

If there was one point where there was almost unanimous agree-
ment, it was on the need for more creative approaches to vaccine dis-
covery. Carl Dieffenbach, director of the Division of AIDS at NIAID, said
that in 2007, NIAID funded all “meritorious” discovery grants on HIV
vaccine research that were solicited. He said this was not a comment on
the amount of funding available, but rather the “dearth of ideas.”

“The easy things have been done,” said James Hoxie of the
University of Pennsylvania. There are several innovation programs
currently operating in the field, including those from IAVI and the Bill
& Melinda Gates Foundation, but other mechanisms for supporting
novel research are still required, according to many summit attendees.
Bruce Walker of Harvard University said coming up with innovative
ideas isn’t the problem, it is actually having the money to test them.

Some ideas for encouraging innovation were recruiting young
researchers into the AIDS vaccine field and also collaborating with
scientists from outside, but related, disciplines. The hope is that
young scientists would bring fresh perspective to this now 25-year-
old problem. “The real next step is going to come from outside this
room,” said Mahmoud.

And although this point was mentioned repeatedly throughout the
day, the question of just how to recruit young researchers remained
largely unanswered. “We have to find mechanisms to recruit young
people into the field and not just talk about it,” said Dennis Burton of
the Scripps Research Institute. More guidance on this issue may come
from future sessions—Fauci said this meeting was just the initial step
and that finding the right balance in AIDS vaccine research would be
an iterative process. “We're just getting started,” added Hoxie. H
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['he great barrier

Understanding mucosal immune responses is critical to developing effective AIDS wvaccines, but progress has been slow

by Andreas von Bubnoff

IV is primarily a mucosal infection—about 85% of transmissions
Hoccur at the mucosal surfaces of the genitals or rectum and most
of the target cells necessary for HIV replication are found in mucosal
tissues.

The gut mucosa is also a critical battleground during acute HIV
infection (see Beast in the belly, LAVI Report, March-April 2006). Just
two weeks after initial infection is established, 70% of T cells in the
gut are depleted. In the blood, perhaps 30% to 40% fewer T cells
are observed one or two months after HIV infection, says Jiri
Mestecky of the University of Alabama at Birmingham.

For these reasons, understanding mucosal immunity is important
in preventing HIV transmission, and also
in controlling infection. Bolstering
immune responses at the mucosa during
transmission may make it even harder for
the virus to gain an initial foothold, and in
the early stages of infection (see Figure 2),
mucosal immune responses play an
important role in limiting the depletion of
T cells in mucosal tissues, averting per-
manent damage to the immune system.
“There are lots of antiretroviral drugs [that]
can partially restore CD4% T cells in the
blood,” Mestecky says, “but so far you
cannot fully restore them in the mucosal
tissues.” Satya Dandekar’s lab at the
University of California in Davis has found
that to restore CD4% T-cell levels in
mucosal tissues of rhesus macaques, anti-
retrovirals must be given within days or, at
most, a few weeks after infection, a
largely impractical time frame in human
infection.

Despite its perceived importance, only a
few research groups study HIV infection at
the mucosal level, says Lucia Lopalco of
the San Raffaele Scientific Institute in
Milan, Italy. “This is a huge gap,” Lopalco says. “We need more sci-
entists who study mucosal immunity. But we are late because we
should have started 20 years ago.”

The understanding of mucosal immunity in HIV infection is ham-
pered by the difficulty of studying these types of immune
responses in humans. Currently, AIDS vaccine clinical trials are not
designed to systematically look for mucosal antibodies in external
secretions. “(It] is a terrible mistake,” Mestecky says. “Everybody
measures serum antibodies, which is fine, but it’s a mucosal disease
after all.”

Measuring mucosal immune responses is difficult and, Lopalco
says, it is also much harder to come up with an  vitro model for

mucosal tissues because they harbor many kinds of cells in a spe-

- cific arrangement. Even when mucosal responses are assessed,

10

41 Heport

We need more
scientists who
study mucosal
immunity. But
we are late
because we
should have
started 20
years ago

Lucia Lapalco

measurements are often not standardized, leading to contradictory
results.

Despite these difficulties, researchers have gained important
insights over the past several years into mucosal immune responses
in HIV infection. But they are just beginning to understand their role.

Mechanism of protection

Researchers are using many different models to help determine
the role of mucosal immune responses in protection against HIV.
One involves challenge studies in nonhuman primates with live-
attenuated simian immunodeficiency virus (SIV) vaccines.
Researchers attenuate SIV by deleting
the virus’s nef gene. Such studies have
shown that vaccines containing this
live-attenuated version of SIV can pro-
tect rhesus macaques from subsequent
SIV infection (Sczence 258, 1938, 1992),
however the mechanism of this protec-
tion is still unknown. Ashley Haase’s
the

Minnesota, in collaboration with Paul

laboratory  at University  of
Johnson of Harvard Medical School and
TAVI’s Live-Attenuated Consortium, is
studying this model to garner clues
about how this vaccination strategy
works and whether or not it involves
mucosal immunity.

Researchers have also been studying
individuals who remain HIV uninfected
despite repeat exposure to the virus, a
group known as exposed seronega-
tives (ESNs), to mine for clues about a
possible role of mucosal immunity.
Several explanations have already been
used to explain this phenomenon in
cohorts of sex workers and discordant
couples, but studies that looked specif-
ically at the presence of Immunoglobulin A (IgA) antibodies—
the major type of antibody response in most human secretions—
have led to contradictory results, according to Mestecky. Some
studies suggest that HIV-uninfected partners in discordant cou-
ples have high levels of HIV-specific IgA antibodies in vaginal or
urine samples (Nature Medicine 3, 1250, 1997). Additional studies
showed that some of these IgA antibodies were directed against
the coiled-coil pocket region of the gp41 part of HIV’s Env pro-
tein (AIDS 16, 1731, 2002). However, Mestecky says that other
labs could not reproduce these results. Recently, samples from 70
women were sent to six different labs and the results still could
not be confirmed. “[The uninfected women] have protection by

J

some other mechanism, but not mucosal antibodies,” concludes

Mestecky.
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Figure 2. HIV infecting a mucosal site. H/V particles (red) can penetrate the epithelium of the female genital tract as early as a few hours after infection.
This microscopic image shows a section of human ectocervical tissue from routine hysterectomy surgery that was exposed to HIV in vitro for four hours.
The cell nuclei are shown in blue and the cell surfaces in green. This image was provided by the laboratory of Tom Hope at Northwestern University.

Researchers are also studying long-term nonprogressors
(LTNPs)—people who are HIV infected but do not progress to AIDS
within the typical time frame—to unlock potential clues about the
role of mucosal immunity. Some studies have found mucosal anti-
bodies directed not toward parts of HIV, but to the CCR5 corecep-
tor that HIV uses to infect T cells. Lopalco’s group has found that
mucosal secretions from LTNPs contain CCR5-specific IgA and
Immunoglobulin G (IgG) antibodies and follow-up studies suggest
that loss of these antibody responses is associated with the devel-
opment of AIDS. One possible mechanism is that such antibodies
cause the CCR5 receptors to disappear from the surface of T cells
because they are internalized (Blood 107, 4825, 2006).

In addition to antibodies, LTNPs may also have higher levels of
cellular mucosal immune responses. Some LTNPs have a higher
CD8" T-cell response in the rectal mucosa than people who
progress normally, according to studies from Barbara Shacklett’s lab
at the University of California in Davis.

Researchers have also started to use i vitro models of mucosal tis-
sue to see if antibodies can inhibit transmission of HIV. Lopalco’s
group showed that anti-CCR5 antibodies can block transcytosis of
HIV through a cultured monolayer of human epithelial cells, which
is one way HIV is thought to enter the body through mucosal tis-

sues (AIDS 21, 13, 2007). But Pam Kozlowski of Louisiana State

£41 Heport

University cautions that the transcytosis assay is very difficult to
reproduce because the epithelial cells grown i vitro must form a
really tight layer.

Measure for measure

To better understand mucosal immunity in humans, researchers
must collect samples, but collecting secretions from mucosal tissues
in the vagina or rectum can be difficult. One method, called lavage,
involves washing the mucosal surfaces with a buffer solution and
then collecting the liquid for analysis, but this approach can often
dilute the secretions too much, making it hard to detect antibodies,
according to Kozlowski. This is problematic because antibodies in
mucosal secretions are already more diluted than in blood, according
to Morgane Bomsel of the Institute Cochin in Paris.

An alternative approach developed by Kozlowski for use in both
humans and nonhuman primates involves using an absorbent sponge
called Weck-Cel to obtain vaginal and rectal secretions. She says it
should be more acceptable to volunteers in clinical trials because it
causes very little discomfort and is only in place for 10 minutes, at
most. And unlike rectal washes, which require immediate processing,
the sponge can simply be frozen after collection. Robin Shattock of
St George’s, University of London will use the sponge method to sam-
ple vaginal fluids in a clinical trial he has initiated.
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Measuring cellular immune responses in mucosal tissues is even
more complicated. For colorectal tissues, a biopsy is needed to col-
lect tissue samples, according to Julie McElrath of the University of
Washington. This is an invasive and somewhat risky procedure. One
possible complication is peritonitis, which occurs when the colon
gets perforated. “If it’s only for research and not for the patient’s
benefit, it makes it hard to convince people to do it,” says Jay
Berzofsky of the National Cancer Institute (NCD).

To assess cervical cellular responses, researchers like Shattock use
a small brushlike device called a cytobrush that is inserted into the
cervix and rotated 360 degrees. The number of T cells collected in
mucosal samples is usually much smaller
than in blood—vaginal samples from a cyto-
brush contain only about 1,000 lympho-
cytes, Shattock says, much fewer than the
10 million obtained from a typical 10 ml
blood sample. This drastically limits the
assays that can be conducted, especially
when researchers are interested in multipa-
rameter analysis using flow cytometry. “That
becomes almost undoable with those types
of samples,” Shattock says.

It is also important to have fresh cells and
to measure cellular immune responses in
the samples within a few hours after collec-
tion, which requires having a laboratory
available at the same site where samples are
obtained. And while blood samples can be
put directly into cytokine assays, mucosal
tissue samples from rectal biopsies must
first be run through a series of enzymatic
digests to release the lymphocytes from the
collagen matrix, Shacklett says, which is a
time-consuming process.

Together, these limitations are part of the
reason why mucosal immune responses are
not routinely measured in clinical trials. Jay Ber. ZOfSky
McElrath says that in AIDS vaccine trials,
mucosal samples are usually only taken from a subset of volunteers.
“We wouldn’t do it in all people,” she says. “It’s just an amazing
amount of work technically.” In the STEP trial, cellular immune
responses were measured in the semen of only about 20 of the
3,000 volunteers, who were primarily men who have sex with men.
Analysis of these samples is still ongoing.

Even when human samples are collected, there is inconsistency
in the measurement of mucosal antibodies that can make it diffi-
cult to compare results. “Most of the data in the literature is really
meaningless because people don’t know how to measure IgA
responses in secretions,” says Kozlowski. Few labs have been able
to accurately detect and quantitate anti-HIV IgA in clinical sam-
ples, according to a 2002 study (AIDS Res. Hum. Retroviruses 18,
1291, 2002).

Given the inconsistencies in measuring mucosal immune
responses, the US National Institutes of Health (NTH) has formed a
group called the Mucosal Immunity Discovery Team chaired by
Johnson that will try to standardize the measurement of cellular

- mucosal immune responses, according to Ronald Veazey of Tulane
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University, who is the group’s co-chair. A similar effort at the Center
for HIV-AIDS Vaccine immunology (CHAVD) is trying to standardize
measuring humoral mucosal immune responses, Veazey says.

Mucosal homing pigeons

To get around these limitations, some researchers have proposed
a shortcut. Instead of directly measuring mucosal T cells, researchers
could identify T cells from blood samples that are heading for
mucosal sites. T cells that traffic to mucosal tissues express specific
homing receptors on their surface. Antibody-secreting cells in the
mucosal tissues have been shown to express such homing receptors
three weeks after intranasal immunization (/.
Clin. Invest. 99, 1281, 1997). “If you had a
marker on cells that allowed you to purify
them from peripheral blood,” Shattock says,
“it would really change the number of
parameters that we could assess in terms of
mucosal immune responses.”

The two most well-known markers are
the 0487 receptor, which seems to be asso-
ciated with trafficking to the gastrointestinal
(GD tract, and cutaneous lymphocyte anti-
gen (CLA), which is associated with cells
homing to skin tissues, Shattock says. But
there are no receptors that have been
specifically identified for homing to genital
sites or the colorectum, he adds. “It’s defi-
nitely an important priority for the scientific
community to start trying to address.”

Another problem is that one can never be
certain that cells that express such a homing
receptor will actually reach the desired
mucosal tissues, Mestecky says. He compares
it to a letter with an address. “Whether it will
actually get there and have its effect is
unknown,” he says. There is also limited time
for measuring the cells that express such
homing receptors in blood before they enter
their target tissues, according to Marianne Neutra of Harvard University.

Routes of delivery

There are several ways to administer a vaccine to induce mucosal
immune responses. Often a vaccine has to be delivered to mucosal
tissues, for example intranasally, to induce mucosal immune
responses, although systemic immunizations can also induce
mucosal immunity. The company Mymetics is developing a mucosal
vaccine using gp41-derived antigen, which is fused to a lipid anchor
that is inserted into the membrane of a virosome, a stripped down
version of the flu virus. Researchers at Mymetics have found that
intranasal, as well as intramuscular, immunizations of the virosome-
based vaccine can induce vaginal and intestinal mucosal IgA anti-
bodies in rabbits and macaques, says Sylvain Fleury, the company’s
chief scientific officer. “People believe that the classical route of
administration which is intramuscular or intraperitoneal does not
work for mucosal [immunity],” he says. “In our case [it] can trigger
vaginal and intestinal [IgA] antibodies.” Mymetics plans to initiate a
Phase I trial of this vaccine candidate later this year.
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Figure 3. Routes of immunization. Different vaccination routes elicit different mucosal IgA responses. In general, the ‘common mucosal immune’ system is more restricted than
previously thought—the strongest response takes place at the vaccine-exposed mucosa and the second best response at adjacent mucosae. Oral immunization leads to an immune
response in parts of the gut, as well as mammary and salivary glands; rectal immunization induces immune responses in the rectum; and vaginal immunization induces a vaginal
immune response. A notable exception is nasal immunization, which not only stimulates an immune response in saliva, nasal secretions, and in the respiratory tract, but can also
elicit a strong vaginal mucosal immune response. In the diagram, the red shading indicates the strength of the response.

Similarly, a recent study has shown that intramuscular immuniza-
tion alone or combined with intranasal immunization can protect rhe-
sus macaques against a vaginal SHIV challenge (AIDS 22, 339, 2008).

Still, the strongest mucosal responses would be expected after
mucosal immunization, Neutra says. Berzofsky’s lab showed that
applying a vaccine rectally in rhesus macaques leads to a better
mucosal cellular CD8* T-cell immune response and better protec-
tion against a rectal challenge than subcutaneous administration
with the same vaccine (Nature Medicine 7, 1320, 2001; J. Immunol.
178, 7211, 2007). “You can get mucosal T cells by systemic immu-
nization [as welll,” Berzofsky says, “but you don’t have the same
level or the same quality.” Berzofsky’s lab also showed that the
presence of mucosal CD8" T cells in monkeys delayed the appear-
ance of the virus in the blood (Blood 107, 3258, 20006).

Researchers have also learned in recent years that mucosal anti-
body responses are more localized than previously thought, accord-
ing to Shattock. Previously researchers thought that there was a
common mucosal immune system, meaning that if an immune
response is induced at one mucosal site, induction also occurs at
other sites. This may not be entirely true. “There are links between
mucosal sites, but they are not universal,” Shattock says. For exam-
ple, oral vaccination will give an immune response in the GI tract
and in breast milk, but little vaginal response, while nasal immu-
nization will promote strong vaginal responses but poor GI tract
responses (see Figure 3).

Kozlowski’s lab has found mostly localized responses when using
a strong immunogen—cholera toxin B subunit—to compare differ-
ent mucosal delivery routes in women. After applying it orally, rec-
tally, vaginally, and nasally, and measuring mucosal IgA antibodies
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in saliva, rectal, and vaginal secretions, she found that often the
responses were observed at the site of vaccination. Only the nasal
immunization route generated IgA responses in both the female
genital tract and rectum (J. Immunol. 169, 560, 2002). Kozlowski says
she was surprised to see such a distal response. “The female repro-
ductive tract is pretty far away [from the nosel.” Based on these
results, Kozlowski is now working on intranasally-administered vac-
cine candidates.

But nasal immunizations could be risky if they involve viral vectors,
which could migrate to the central nervous system, according to
experiments in mice (/. Virol. 77, 10078, 2003). Shattock has chosen
instead to explore vaginal vaccination to induce mucosal immune
responses against HIV. He has started both nonhuman primate and
human studies simultaneously to evaluate a trimeric gp140 clade C
protein vaccine candidate using a gel that is applied vaginally. The
plan is to apply nine doses of the gel over a month-long menstrual
cycle. “Our approach is to maintain high levels of mucosal immune
responses,” he says. Memory cells generated by conventional vacci-
nations take three to five days to become activated and that may be
too slow to provide sterilizing immunity at mucosal surfaces, since it
only takes up to three days for a localized HIV infection to occur. In
the vagina, there is a window of opportunity of three days after ini-
tial exposure to keep HIV from spreading systemically.

Others are trying oral vaccinations, which is best for induction of
immune responses in the gut. “Oral immunization is the best way to
generate an immune response in the small intestine where HIV wants
to live,” says Kozlowski. Currently several groups are exploring this
approach. Gary Nabel’s lab at the Vaccine Research Center, part of the
NIH, is investigating oral administration of an adenovirus serotype 41
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(Ad41) vector-based vaccine candidate to see
if it can elicit mucosal immune responses in
the gut. Marjorie Robert-Guroff at the NCI is
planning a Phase I safety trial of an orally-
administered tablet containing a replicating
Ad4 vector encoding HIV clade C Env. An oral,
replicating Ad4 vaccine was shown to be safe
and effective during 25 years of use protecting
American soldiers against acute respiratory dis-
ease, Robert-Guroff says. She later plans to fol-
low the oral vaccination with an Env protein
boost injected intramuscularly. She says similar
oral vaccinations with a replicating Ad5 vector
in rhesus macaques followed by a protein
boost resulted in mucosal immunity and pro-
tected from a rectal challenge with SIVmac251
(Vaccine 25, 8021, 2007).

Others are looking for new routes to induce
mucosal immune responses. For example, a
recent study has shown in mice that sublin-
gual immunization induces mucosal responses
in the respiratory and genital mucosa, as well
as the GI tract (Vaccine 25, 8598, 2007).

Another study found that spraying adenoviral
vector vaccines onto the tonsils can elicit both
cellular and humoral immune responses, and
spraying a combination of different vectors pro-
vides similar protection from an SIV challenge as
systemic immunization with the same vaccine (/.
Virol. 81, 13180, 2007). Another good route
might be application through the skin, perhaps
like a nicotine patch, Kozlowski says, adding
that there is some evidence that it may generate
mucosal IgA immune responses in humans.

Researchers are also looking for adjuvants that
will make it possible to get mucosal immune
responses without having to deliver the vaccines
directly to mucosal tissues. The hope is to
change immune cells so they will go to mucosal
tissues. “We could continue to administer vac-
cines intramuscularly if an adjuvant is identified
that targets the immune cells that are activated to
go to the mucosa,” Kozlowski says.

For example, one recent study by Harriet
Robinson’s group at Emory University in
Atlanta found that in macaques, intramuscular
injection of DNA encoding Granulocyte
Macrophage Colony Stimulating Factor (GM-
CSF) together with the DNA prime for a DNA-
MVA prime-boost regimen results in increased
IgA antibody response in rectal secretions
(Virology 369, 153, 2007).

Another possible adjuvant is retinoic acid
(RA). J. Rodrigo Mora’s lab at Harvard and
others have found that dendritic cells in the
gut-associated lymphoid tissue can secrete RA,
which induces T and B cell migration to the

41 Heport  MARCH-APRIL 2008

gut mucosa. But delivering RA could be a
challenge because it is not soluble in water
and would have to be administered in a sol-
vent like dimethyl sulphoxide (DMSO), which
could have side effects. Therefore, Mora’s lab
is working on methods to “teach” dendritic
cells to make RA and to “pack” RA in dendritic
cells so that dendritic cells loaded with RA
(and not soluble RA) can be used to immunize
and induce T- and B-cell mucosal immune
responses. In this way, the effect of RA will be
restricted to the site of immunization, thus
eliminating potential systemic effects, Mora
says. However, RA only appears to be relevant
to immune responses in the upper GI tract
and not to other relevant mucosal areas like
the colorectum or genital mucosal surfaces,
says Shattock. Nonetheless, Mora says, it
might be possible to make B cells that migrate
to the small bowel using RA. The resulting
antibody-secreting cells would then make pro-
tective IgA antibodies, which can potentially
be transported to, and protect, the colon
mucosa—similar to what happens with mater-
nal antibodies in breast milk.

Despite all of these efforts to study different
routes to induce mucosal immune responses,
what is needed and what has been lacking in
the field is the systematic comparison of the
same immunogen using various routes of
administration in nonhuman primate SIV chal-
lenge studies, says Wayne Koft of TAVI. “TAVI
is in the preliminary stage of developing plans
to do such studies,” adds Koff.

So given what is now known about mucosal
immunity, what should future AIDS vaccine
candidates look like? Some researchers say that
inducing a combination of mucosal and sys-
temic immune responses is the goal. Still, it
remains an open question as to whether
mucosal immunity can actually prevent HIV
infection, Shacklett says. “Exposure at a
mucosal site might bypass the mucosal
immune system entirely if the mucosal surface
is breached,” she says. “It's easy to see how
this might happen in the context of sexual
intercourse.” Shattock agrees. “If you look at
women after intercourse, in 60% of them you
can visually identify microabrasions.”

But that does not mean inducing mucosal
immune responses is not important, says
Shacklett. “Even if we can’t prevent the initial
infection,” she says, “we may be able to limit
viral replication and dissemination, and lower
the total amount of replicating virus by arm-
ing effector cells that are able to localize to
tissues.”
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Some candidate microbicides can
damage epithelia

The candidate microbicide cellulose sulfate (CS)
can disrupt epithelial integrity and make it easier
for HIV particles to cross epithelial barriers,
according to a study by researchers at Albert
Einstein College of Medicine in New York City.
The results, still unpublished but presented ear-
lier this year at the Conference on Retroviruses
and Opportunistic Infections in Boston and at the
Microbicides 2008 conference in New Delhi, offer
a possible explanation for the association
between use of CS and increased HIV acquisition
in a recent clinical trial. Two trials testing the abil-
ity of CS gels to prevent HIV transmission were
halted last year because one trial showed a trend
toward higher HIV infections in some women
who received CS, as compared to placebo.

The study, led by Betsy Herold of Albert
Einstein College of Medicine, found that CS can
damage epithelial layers. Herold and colleagues
also analyzed three other compounds. The sper-
micide Nonoxynol-9 (N-9) showed even greater
epithelial disruption than CS, consistent with clin-
ical trial results that found N-9 also tends to
increase susceptibility to HIV infection in women
(Lancet 360, 971, 2002). Two other microbicide
candidates, PRO 2000 and the antiretroviral teno-
fovir, did not show the same disruptive effects
when applied in the same concentrations.

The researchers measured the effects of these
compounds on an # vitro cultured epithelial cell
layer—made of either uterine epithelial cells or of
reconstituted vaginal tissue—by measuring the
transepithelial resistance to an electric current. As
long as the integrity of these epithelia remains
intact, transepithelial resistance should remain
high. The researchers found that an 18-hour
exposure to either N-9 or CS led to a drop in
resistance, while PRO 2000 and tenofovir had lit-
tle effect. CS is a polymer composed of sugar mol-
ecules with sulfate groups. It is unclear why PRO
2000, which is structurally similar to CS, does not
have the same detrimental effects on epithelia.
However, Herold says, preliminary data from her
lab suggest that CS and PRO 2000 might activate
different signaling pathways. Use of N-9 and CS
also made the cultured epithelium leaky, allowing
HIV particles to more easily cross the epithelium.

Confocal microscopy of the cultured reconsti-
tuted vaginal tissue showed that CS treatment led
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to a marked loss of syndecan and desmoglein,
proteins that are important for epithelial integrity.
There was also downregulation of the RNA
expression of the genes encoding such proteins.

CS also increased the expression of inter-
leukin (IL)-6 in the cultured epithelial cells and
induced a three-fold increase in activation of
the transcription factor NF-xB in peripheral
blood mononuclear cells (PBMCs), suggesting
that it caused an inflammatory response.

The researchers also administered the micro-
bicide gels to mice daily for one week and then
analyzed their genital tracts. Both N-9 and CS
caused mice to be more susceptible to HSV
infection.

Preclinical and Phase I assessments of CS did
not uncover its detrimental effects on epithelia.
Currently, the FDA recommends microbicide
candidates be tested preclinically in rabbits,
Herold says. In this model, 10 daily doses of a
candidate microbicide are applied vaginally fol-
lowed by histological analysis of the vaginal tis-
sues. Phase I trials assess subjective symptoms,
such as whether a microbicide burns, and use
colposcopy, which looks at visible disruptions of
the cervix, Herold says. These assessments, how-
ever, missed the effects observed in this study.

“We propose that epithelial integrity, inflam-
matory response, and susceptibility to infection
are included in preclinical testing of candidate
microbicides,” concludes Pedro Mesquita, who
was also involved in the study.

The other two microbicide candidates evalu-
ated in this study, PRO 2000 and tenofovir, are
currently in clinical trials. A Phase III trial in
women in South Africa, Tanzania, Uganda, and
Zambia is testing safety and effectiveness of
PRO 2000 in preventing HIV infection in
women and is sponsored by the UK’s Medical
Research Council. That trial’s independent data
monitoring committee recommended discontin-
uing the high-dose arm (testing a 2% dose of
PRO 2000) earlier this year due to lack of effi-
cacy, but the low-dose arm (using an 0.5% dose
of PRO 2000) is ongoing. The National Institute
of Allergy and Infectious Diseases is also testing
safety and effectiveness of the low dose of PRO
2000 in a Phase II/IIb trial called HPTN 035 in
Malawi, South Africa, Zambia, Zimbabwe, and
the US. A microbicide gel formulation of teno-
fovir is also currently being tested in a Phase II
trial (HPTN 059).
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IOM report addresses the challenges of HIV
prevention trials

The prestigious US Institute of Medicine (IOM), an independent advi-
sory group on public health policy, convened a series of meetings
last year on the methodological challenges of conducting non-vac-
cine HIV prevention trials (see Aduvisory Panel considers complexities of
HIV prevention trials, IAVI Report, January-February 2007 and
Optimizing HIV prevention research, LAVI Report, March-April 2007). The
final report based on these proceedings, as well as site visits by IOM
committee members to clinical trial sites in Uganda and South Africa,
was issued in February (www.nap.edu/catalog/12056.html). The
report outlines the recent spate of late-stage clinical trials in the HIV
prevention field that have failed to provide any benefit in reducing
the risk of HIV infection, leading the authors to conclude that, “A
near-perfect biomedical intervention for preventing HIV infection is
unlikely to be available in the near future.”

The IOM committee was organized at the request of the Bill &
Melinda Gates Foundation and was to provide recommendations on
how future trials of microbicides and pre-exposure prophylaxis (see
Treatment as Prevention, LAV Report, May-June 2006) could be conducted
in a way that could increase the likelihood of success and enable
donors to optimally invest their limited financial resources. Stephen
Lagakos, director of the Center for Biostatistics at Harvard University,
chaired this committee and co-authored the report with Alicia Gable of
the IOM. The two also recently wrote a perspective article in the New

Microbicide trials update

In February the Population Council announced that the microbicide
gel Carraguard, which was tested in a randomized, double-blind,
placebo-controlled Phase III trial, had no effect on HIV infection
rates in women. The trial was conducted at three sites in South
Africa and involved 6,202 women between the ages of 16 and 72.
Final results showed that 134 women who received Carraguard
became HIV infected, compared to 151 placebo recipients.
Carraguard contains the compound carrageenan, a seaweed deriv-
ative commonly used as a stabilizer and thickening agent in food and
cosmetics. Prior to initiating the Phase III trial, the Population
Council conducted two Phase II safety studies of Carraguard in South
Africa and Thailand, involving a total of 565 HIV-uninfected women.
A critical aspect of the Carraguard trial was adherence. Women were
counseled to apply the microbicide before every sex act, and although
the self-reported adherence rates were 96%, researchers estimate that
the actual adherence was much lower. “It’s possible that low levels of
adherence in the trial were responsible for why the product didn’t
show an effect,” says Barbara Friedland of the Population Council.
To measure adherence, researchers collected behavioral informa-
tion directly from participants and also treated the microbicide appli-
cator with a compound that, after analysis, indicated whether or not

England Journal of Medicine summarizing the report’s main conclusions
(N. Engl. J. Med. 358, 1543, 2008). “Shortcomings in research design
have inhibited progress in identifying effective HIV-prevention inter-
ventions,” the authors said.

One shortcoming the report focused on in particular was the way
HIV incidence has been estimated in advance of some efficacy tri-
als (see Mouving Target, LAVI Report, May-June 2007). The IOM com-
mittee recommended that all late-stage trials be designed based on
incidence estimates collected through traditional cohort follow-up
studies in the communities where the trial will occur, and that these
estimates should be corroborated by at least one other source.

High pregnancy rates during HIV prevention trials, and the
impact on retention of female volunteers, was another critical
issue addressed in the report. Female volunteers are typically not
allowed to receive the experimental intervention—microbicide gel
or antiretroviral drug—during pregnancy because of potential
safety risks to the fetus, but their exclusion can confound results.
On this issue, the authors suggested researchers should try to
determine the safety of the intervention in pregnant women as
best as possible before initiating the trial to determine circum-
stances in which women could potentially continue to participate
in HIV prevention trials even during pregnancy.

The report also outlines several other ways that trials can be
designed to determine the influence individual behavior and
adherence have on the final results, which is critical in non-vac-
cine HIV prevention trials.

the applicator had been in contact with vaginal mucous. The results
of these tests showed women used the gel in only 44% of sex acts,
and only 10% were estimated to have used it during every sex act.

An applicator test is one method researchers are using to better
estimate adherence, but even this approach is complicated. “All we
can tell is whether the applicator was inserted in the vagina or not,”
Friedland says. “We don’t know when in relation to the sex act the
applicator was inserted.”

Other updates on microbicide trials occurred during the Microbicide
2008 Conference, which was held in New Delhi from February 24-27.
Researchers presented data from a Phase II safety study, known as
HPTN 059, which tested a gel formulation of tenofovir, an antiretrovi-
ral (ARV) commonly used in the treatment of HIV infection. The find-
ings, presented by Sharon Hillier of the Microbicide Trials Network,
revealed that the product was safe for daily use in sexually-active, HIV-
uninfected women. This trial evaluated both daily use of the microbi-
cide and a sex-dependent regimen, in which women were instructed
to only apply the microbicide just prior to sex. Adherence was based
on self-reported behavior and researchers estimated that 80% of the
women in the sex-dependent group adhered to the regimen, compared
to 83% of the women in the daily-use group. This candidate is one of
several ARV-based microbicides that are currently being tested.

1 Vaccine Briefs written by Andreas von Bubnoff, Kristen Jill Kresge, and Alix Morris, contributing writer
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