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Abstract

Problem—Vaginal microbicides represent a promising approach for preventing heterosexual
HIV transmission. However, preclinical evaluation should be conducted to ensure that
microbicides will be safe for human cells and healthy microflora of the female reproductive tract.
One microbicide candidate, RC-101, has been effective and well-tolerated in preliminary cell
culture and macaque models. However, the effect of RC-101 on primary vaginal tissues and
resident vaginal microflora requires further evaluation.

Method of Study—We treated primary vaginal tissues and vaginal bacteria, both pathogenic
and commensal, with RC-101 to investigate effects of this microbicide.

Results—RC-101 was well-tolerated by host tissues, and also by commensal vaginal bacteria.
Simultaneously, pathogenic vaginal bacteria, which are known to increase susceptibility to HIV
acquisition, were inhibited by RC-101.

Conclusions—By establishing vaginal microflora, the specific antibacterial activity of RC-101
may provide a dual mechanism of HIV protection. These findings support advancement of
RC-101 to clinical trials.
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INTRODUCTION

More than 30 million people worldwide are infected with HIV, and every year another two
million individuals will become newly infected. In sub-Saharan Africa, the region most
affected by HIV, women make up 60% of the infected population, with sexual transmission
being a main mode of transmission. Therefore, prophylactic approaches designed to halt the
transmission of HIV in the female reproductive tract (FRT) are being actively pursued.
These methods include the development of vaginal microbicides, antimicrobial agents that
prevent the transmission of HIV and reduce the user’s susceptibility to viral acquisition.1:2

The search for an anti-HIV microbicide has been complicated by unforeseen inconsistencies
between the bench and the clinic. These inconsistencies result from poor recapitulation of in
vivo environments during initial characterization of the candidate microbicide. The FRT is a
complex environment, lined by host epithelia and colonized by commensal lactobacilli that
contribute to mucosal integrity, and the disruption of either host tissues or bacterial
inhabitants can actually increase susceptibility to HIV. The former was exemplified by the
well-publicized nonoxonyl-9 clinical trials, wherein antiviral effects observed in cell culture
were reversed in clinical trials due to the uncharacterized damaging effects of the surfactant
microbicide on FRT tissues.3 Similarly, disruption of healthy FRT microflora can also
render women more susceptible to HIV acquisition, as is demonstrated in the common
gynecological condition bacterial vaginosis (BV).* In BV, commensal vaginal lactobacilli
are displaced by mixed populations of pathogenic bacteria, including Gardnerella vaginalis,
Atopobium vaginae, Mobiluncus curtisii and Prevotella bivia.>® The displacement of
lactobacilli, which otherwise prevent infections by secreting lactic acid and hydrogen
peroxide, weakens inherent mucosal defenses to reproductive pathogens. At the same time,
intruding pathogenic bacteria induce an inflammatory host response that recruits immune
cells, including CD4+ target cells for HIV infection (our unpublished data), and
simultaneously activates NF-xB, which promotes HIV viral transcription.” Combined, these
effects of BV result in a 60% increased susceptibility to HIV acquisition.® Therefore, in
order to prevent side effects that counter antiviral activity, anti-HIV vaginal microbicide
candidates must demonstrate compatibility with FRT tissues and microflora prior to clinical
trials.

One such microbicide candidate, the cyclic peptide RC-101, has thus far demonstrated a
promising safety and therapeutic profile. RC-101 is an analogue of the retrocyclin RC-100, a
cyclic theta-defensin whose expression was lost over the course of primate evolution;
retrocyclins are encoded in the human genome, but not expressed due to a premature stop
codon in the peptide proregion.? Retrocyclins have been synthetically recreated, and the
resulting peptides exhibit broad-spectrum antimicrobial activity, including anti-HIV and
antibacterial activity.1911 RC-100, the peptide encoded by the human retrocyclin
pseudogene, inhibits HIV at ICsq as low as 1.0 wg/mL, while its analogue RC-101 exhibits
slightly better activity, with reported ICsg as low as 0.19 pg/mL.2:12.13 Ongoing research
seeks to restore translation of endogenous RC-100 to the FRT using premature termination
codon readthrough agents,1* while RC-101 has become the primary focus of microbicide
development.

It stands to reason that since retrocyclins are derivatives of endogenously encoded primate
peptides, their reintroduction to the human FRT would be well-tolerated by both human
tissue and healthy bacterial inhabitants that evolved in the presence of host theta-defensins.
In agreement with this hypothesis, safety studies in an ex vivo human cervical organ
modell® and /n vivo pigtailed macaque studies showed that application of RC-101 was well-
tolerated by vaginal and cervical tissue, inducing no inflammation or adverse side effects
upon gynecological examination.1® At the same time, recovered RC-101 peptide remained
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bioactivel® and is stable in the macaque vaginal environment for up to 14 days after
application (our unpublished data). Furthermore, RC-101 application did not disrupt
endogenous populations of commensal lactobacilli.16 This is an important consideration,
since the tissues and microbes of the macaque vaginal canal are highly similar to those of
the human FRT.17 These studies suggest that RC-101 will remain safe, stable and active
among the complex environment of the human FRT.

To expand the promising profile of RC-101 as a vaginal anti-HIV microbicide, we sought to
confirm its compatibility with epithelia, primary tissues, and commensal bacteria of the
human FRT. Furthermore, we examined the stability and activity of RC-101 amongst
pathogenic BV-associated bacteria, to ensure that this common affliction would not disrupt
treatment regimens of RC-101. These studies demonstrate the compatibility of RC-101 with
host tissues and microflora, and additionally demonstrate that RC-101 can inhibit BV-
associated bacteria, thereby promoting healthy vaginal flora and providing a dual
mechanism of HIV prevention.

METHODS

Epithelial and Tissue Cultures

HelLa cells (CCL-2) were purchased from ATCC and maintained in Dulbecco’s Modified
Eagle Medium with 10% fetal bovine serum. Primary vaginal epithelial cells (VEC-CRY-
OV) and full-thickness EpiVaginal tissues (VLC-100-FT) are engineered specimens that
were purchased from MatTek Corporation and maintained in provided media according to
supplier’s instructions.

For epithelial experiments, treatments were prepared in maintenance media and applied to
confluent monolayers. For tissues, treatments were prepared in 100 L PBS and applied
apically. After incubation, epithelial treatment media or tissue underlay media were
collected, clarified, and stored at —80°C until analysis. Cells were rinsed with PBS before
lysing for phosphoprotein analysis.

Bacterial Cultures

The following bacterial cultures were purchased from ATCC: Lactobacillus crispatus
(33197); Lactobacillus acidophilus (4356); Lactobacillus johnsonii (11506); Lactobacillus
Jensenii (25258); Lactobacillus gasseri (9857); Lactobacillus vaginalis (49540); Gardnerella
vaginalis (49145); Atopobium vaginae (BAA-55); Mobiluncus curtisii (35241); Prevotella
bivia (29303). All lactobacilli were grown in de Man, Rogosa and Sharpe (MRS) broth or on
MRS agar plates at 37°C, 5% CO, atmosphere. G. vaginalis, A. vaginae, M. curtisii, and P.
biviamaintenance cultures were all grown in tryptic soy broth (TSB) supplemented with 5%
defibrinated rabbit blood (Becton, Dickinson and Company), or on agar plates of the same
composition. G. vaginalis was grown at 37°C, 5% CO,, while the other three bacteria were
grown in anaerobic GasPak chambers (Becton, Dickinson and Company) at 37°C.

Bacterial Inhibition Assays

For experiments, anaerobic BV-associated bacteria (A. vaginae, P. biviaand M. curtisii)
were taken directly from snap-frozen vials, and were washed and resuspended in prereduced
brain heart infusion (BHI) media. Bacterial suspensions were mixed with preparations of
RC-100, RC-101, clindamycin, or vehicle diluted in the same media. 5 pL of the final
culture were placed under 3 L liquid wax on a Terasaki microtiter plate as previously
described!! and incubated anaerobically for up to 24 h. Extended incubation times such as
this are typical for these anaerobic species.18:19:20 Cultures were periodically diluted in
prereduced BHI and plated on prereduced 5% blood TSA plates. Plates were incubated
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anaerobically, and colony forming units (CFUs) were subsequently quantified for each
condition.

For lactobacilli, snap-frozen vials of each species were first grown for 2 h in MRS broth at
37°C, 5%CO, to allow cultures to recover. Actively growing bacteria were then mixed with
RC-101 or vehicle diluted in the same media, and plated in Terasaki wells as done for
anaerobes. These cultures were incubated at 37°C, 5%CO> for up to 6 h. This duration was
chosen based on previous studies demonstrating that RC-101 inhibits susceptible aerobic
species in less than three hours,1 and because with longer incubations the density of some
cultures began to decline. Culture growth was monitored by diluting and plating on MRS,
then incubating at 37°C, 5% CO, for CFU determination.

RC-101 Recovery from Pathogenic Bacterial Cultures

For coincubation with RC-101, snap-frozen vials of G. vaginalis were grown for 2 h in TSB
to achieve log-phase growth, while anaerobic bacteria were taken directly from snap-frozen
vials. All bacteria were diluted in maintenance media, and combined with RC-101 diluted in
the same preparation for a final culture volume of 100 L. These cultures were incubated at
the appropriate atmosphere for 24 h at 37°C, after which each culture was acid extracted as
previously described.1® Soluble extracts were neutralized by sequential drying and dilution
with water, and neutralized extracts were resolved by Tricine-SDS PAGE, followed by
western blotting with an anti-RC-101 antibody. Recovered peptide was run alongside a
peptide standard for semi-quantitative comparison.

Bio-plex Analysis of Lysates and Conditioned Media

For phosphoprotein quantification, cells were harvested with Bio-Rad Cell Lysis kit, and
equal amounts of total protein were assayed by multiplex phosphoprotein array. For
cytokine analysis, conditioned media were clarified and equal volumes were assayed by
multiplex cytokine array. Experimental analysis was performed according to manufacturer’s
instructions. In addition to cytokines appearing in our results, the following cytokines were
assayed, but were not produced by our cells or tissues at measurable levels: PDGF-BB, IL-2,
IL-4, IL-5, IL-7, IL-10, IL-12p70, IL-13, IL-15, IL-16, IL-17, IL-2Ra., IL-18, Eotaxin, FGF-
B, G-CSF, IFN-y, MCP-1, MIP-1a, MIP-1B, RANTES, TNF-a, LIF, MCP-3, B-NGF, SCF,
SCGF-B, SDF-1a, TFN-B, TRAIL, HGF, IFN-a2.

Statistical Analyses

RESULTS

For bacterial inhibition assays, culture densities were log-transformed and treatments were
compared to vehicle at each time point by a two-tailed paired Student’s t-test.1! For RC-101
recovery analysis, densitometric quantification between bacteria condition or media alone
was compared by a two-tailed paired Student’s t-test. For Bio-Plex analysis of conditioned
media, cytokine concentrations of RC-101 treated cultures were compared to appropriate
vehicle by a two-tailed paired Student’s t-test.

Retrocyclin Theta-Defensins are Active Against BV-Associated Bacteria

Retrocyclins RC-100 and RC-101 have been previously shown to inhibit a variety of
microbes, including viruses, fungi, and Gram-positive and Gram-negative bacteria, 101121
As potential vaginal microbicides, the ability of retrocyclins to provide simultaneous
protection against both HIV and pathogenic bacteria of the FRT is of immediate interest. To
determine whether the restoration of retrocyclins to the FRT can inhibit bacterial pathogens,
we first incubated RC-100, the endogenously encoded theta-defensin, with BV-associated
bacteria Afopobium vaginae, Mobiluncus curtisiiand Prevotella bivia. Treated cultures were
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incubated anaerobically for up to 24 h to determine the effects of the peptide on bacterial
growth. Figure 1 shows that the peptide RC-100 significantly inhibited two of the three
pathogenic anaerobes tested. M. curtisii was inhibited 95% by RC-100 after 24 h, while ~.
biviainhibition was 85%. The third species, A. vaginae, was inhibited by RC-100 at 8 h, but
the effects of RC-100 decreased by the completion of the 24 h experiment.

Having determined that RC-100 inhibited BV-associated bacteria, we next investigated
whether the retrocyclin analogue RC-101, which is being actively developed as a topical
microbicide, exhibits similar antibacterial activity. The same panel of pathogenic bacteria
was incubated with RC-101 at concentrations ranging from 0.5 - 10 pg/mL, or with
clindamycin, a standard antibiotic used to treat BV,22 for comparison. Similar to trends
observed for RC-100, RC-101 exhibited significant, dose-dependent inhibition of both M.
curtisifand P. bivia, while inhibition of A. vaginae was not significant (Figure 2).
Interestingly, clindamycin was unable to inhibit the pathogen M. curtisii, in contrast to
RC-101, which exerted >95% inhibition of M. curtisifby 24 h. P. bivia, on the other hand,
was significantly inhibited by RC-101, and also by clindamycin.

Commensal Vaginal Lactobacilli are not Inhibited by RC-101

The ability of RC-101 to inhibit BV-associated bacteria is a favorable secondary effect that
complements the peptide’s anti-HIV activity. However, vaginal microbicides must not exert
antibacterial effects on the commensal bacteria that inhabit the FRT and promote
reproductive health. Thus, we next examined the effect of RC-101 on the beneficial
lactobacilli that comprise healthy vaginal flora. Six strains of lactobacilli that are common to
the FRT,23:24 were subjected to microassay analysis to determine whether they were equally
affected by RC-101. Figure 3 shows the effect of different concentrations of RC-101 on
Lactobacillus acidophilus, crispatus, gasseri, jensenii, johnsonii and vaginalis over a 6 h
time course of treatment. Unlike the pathogenic bacteria, none of the commensal lactobacilli
were significantly inhibited by RC-101 at treatments as high as 10 pg/mL. Overall, the lack
of significant antibacterial effects on lactobacilli suggests that RC-101 administered at anti-
HIV concentrations would not disrupt the endogenous healthy bacterial flora of the FRT.

RC-101 is Recovered from BV-Associated Bacterial Cultures

While the recovery and bioactivity of RC-101 has been characterized in the presence of
commensal microflora, we sought to ensure that BV-associated bacteria would not affect the
stability of this peptide microbicide. To do so, we incubated RC-101 in cultures of BV-
associated pathogens, and analyzed peptide recovery and electrophoresis after 24 h. Figure
4 A shows that RC-101 was recovered from all cultures, and that the peptide migrated at the
appropriate size. Based on densitometric quantification, there were no significant differences
in percent recovery between bacterial cultures and media alone, however there was a trend
toward lower recovery from P. bivia cultures compared to the other three cultures (Figure
4B). We occasionally observed a slower migrating band in this sample extract, which was
not included in densitometric quantification. Ongoing studies are investigating whether
RC-101 is actively degraded by P. bivia, or whether the complexity of this bacterial culture
alters peptide recovery or migration.

RC-101 is Well-Tolerated by Reproductive Cells and Tissues

In addition to testing the compatibility of RC-101 with commensal vaginal bacteria, we also
examined the effects of RC-101 on the epithelial cells that line the FRT to ensure that the
peptide would be well-tolerated by host tissues. Recent studies have monitored select
cytokine responses to RC-101 in a cervical organ model, but do not provide a
comprehensive cytokine and signaling evaluation.1® To more broadly survey host response
to RC-101, HeLa cells were treated with RC-101, and cellular response was gauged by
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monitoring intracellular signaling pathways. Figure 5 shows the phosphoprotein signaling
response of reproductive epithelia to 30 min of RC-101 treatment. Importantly, none of
seven monitored signal-transducing proteins was phosphorylated >2.1 fold in response to
RC-101 compared to vehicle alone. This includes mediators of proinflammatory responses
and regulators of cellular proliferation and turnover. The attenuated phosphorylation
response to RC-101 is in contrast to control stimuli TNF-a and IFN-a., which elicit robust
phosphorylation responses.

The lack of an intracellular phosphoprotein response was corroborated by an equivalent
absence of cytokine response. Figure 6 shows the cytokine response of primary cultures of
vaginal epithelial cells to 24 h of RC-101 exposure. In comparison to matched vehicle
control, neither 20 g/mL nor the excessive 200 pg/mL treatment stimulated significant
increases in immune mediators such as IL-6, IL-8, Gro-a, M-CSF or GM-CSF. Of the ten
analytes shown, only two (IP-10 and MIF) displayed significant differences from vehicle
treatments, and for these two cytokines the significant difference observed at 20 pg/mL did
not repeat at the higher dose of 200 pg/mL. These phosphoprotein and cytokine data suggest
that RC-101 elicits a very minimal response from reproductive epithelial cells.

To expand this evaluation, we next utilized MatTek ex vivo vaginal tissues to examine the
effects of RC-101 on intact tissues of the FRT. These full thickness tissues containing
stratified epithelia, a basal lamina and submucosal dendritic cells were treated by apical
application of RC-101 at the air-liquid interface. After 24 h, the basal media was analyzed
for cytokine expression. Figure 7 shows the matched ten analytes from our epithelial
analysis, with an additional eight characterized cytokines. One cytokine, GM-CSF, could not
be accurately quantified, as it was found in tissue maintenance media alone. For the 17
cytokines that were measured, neither the 20 g nor the 200 g application per tissue
resulted in significant differences from vehicle. This includes the two analytes IP-10 and
MIF that showed inconsistent trends in our epithelial model (Figure 6). The absence of any
significant cytokine changes in these primary organotypic tissues is in agreement with
epithelial trends and suggests that RC-101 is well-tolerated by host tissues of the FRT.

DISCUSSION

Recent failures of anti-HIV microbicides®2> have prompted more extensive preclinical
characterization of candidate prophylactics. In this study, the microbicide candidate RC-101
was evaluated in order to determine its safety for host tissues and microflora prior to clinical
trial. In agreement with other recent studies,>:16 we observed a desirable safety profile
when RC-101 was applied to human FRT epithelia and tissues. Even at concentrations >40
times its antiviral 1Cgqg range, RC-101 did not induce significant changes in cytokine release
from primary FRT tissues. This evaluation included chemokines that mediate inflammation
and chemotaxis of immune cells, such as IL-8, Gro-a., MCP-1 and MCP-3,26-29 and other
important immune effectors such as 1L-6.30

RC-101 did not elicit substantial increases in phosphorylation of the signaling transducers
STATSs 2 and 3,31 nor of the proinflammatory mediator, the p65 subunit of NF-xB.32 The
lack of p65 phosphorylation is especially notable, as NF-xB activation is implicated in HIV
proviral replication,” and its unintended activation could counter the anti-HIV activity of
applied microbicides. At the same time, the phosphorylation of mitogenic signaling
intermediates such as MEK-1, ERK1/2, p38, and c-Jun was essentially unaffected by
RC-101 application, indicating that this microbicide candidate is unlikely to induce
unexpected effects on cellular proliferation, turnover or stress response.33
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In addition to exhibiting compatibility with FRT epithelia and tissues, we also observed that
RC-101 was well-tolerated by vaginal lactobacilli. Of our panel of six Lactobacillus spp.,
none was significantly inhibited by RC-101. This validates previous in vivo observations of
macaque vaginal flora, in which lactobacilli remained unaffected by vaginal film
formulations of RC-101.16 While lactobacillus growth is not inhibited by RC-101, we
observed that BV-associated bacteria were significantly inhibited by retrocyclins. For the
two strains that were susceptible, bacterial inhibition occurred at 10 pg/mL, well within
expected therapeutic concentrations, and for one species, M. curtisii, RC-101 treatment at all
concentrations (0.26 - 5.3 M) exerted significantly greater inhibition compared to
clindamycin given at 0.5 pg/mL (1.2 M), above its reported MICqq of 0.125 ug/mL.18

Furthermore, RC-101 was recovered from coincubation with these bacterial pathogens,
though recovery was decreased when the peptide was coincubated with 2. bivia. Of note, we
occasionally observed a slower migrating immunoreactive band in this sample. As many
positively charged antimicrobial peptides exert their antibacterial effect by binding and
oligomerizing on bacterial surfaces to permeabilize cells,3* we expect that this band might
be either bound or oligomerized RC-101. Interestingly, A. biviais distinct in the panel of
bacteria we evaluated, in that it is gram negative. The presence of negatively charged outer
cell membrane components in this culture in particular could bind positively charged
RC-101, slowing its electrophoretic mobility.3> While this hypothesis might explain our
slightly lower RC-101 recovered from P. bivia culture, overall our results demonstrated
good recovery of the peptide from the panel of bacteria, suggesting that RC-101 stability in
the FRT would withstand transient fluctuations in microflora.

Though the molecular determinants of susceptibility remain unknown, the specificity of
RC-101’s antibacterial activity against pathogenic bacteria but not against commensal
lactobacilli supports the notion that the dynamic and complex primate vaginal microflora
evolved in the presence of similar theta-defensins. Consequently, endogenous lactobacilli
are uninhibited by the reintroduction of a theta-defensin analogue, while pathogenic species
remain susceptible to this class of antimicrobial host defense peptides.

These data suggest that RC-101 would be an ideal anti-HIV microbicide. In addition to
being well-tolerated by human vaginal epithelia and tissues, by restoring a lost host defense
mechanism, RC-101 provides not only potent antiviral activity, but also specific
antibacterial activity that stabilizes the mucosal microflora. These desirable attributes make
RC-101 a promising candidate for vaginal anti-HIV microbicide development.
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Figure 1. RC-100 Inhibits BV-Associated Bacteria

RC-100 was incubated with BV-associated bacteria Afopobium vaginae, Mobiluncus
curtisii, or Prevotella bivia (5x10% CFU/mL) anaerobically and cultures were plated at
indicated timepoints to determine culture density. Percent inhibition was calculated relative
to vehicle-treated bacteria. All inhibition values less than zero were plotted as zero.
Asterisks indicated treatments for which one or more timepoints were significantly (p<0.05)
different from vehicle. n = 3-4 for each condition.
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Figure 2. BV-Associated Bacteria are Inhibited by RC-101

RC-101 at 10 pg/mL, 5 pg/mL or 0.5 pg/mL, or clindamycin at 0.5 pg/mL was incubated
with BV-associated bacteria anaerobically and cultures were plated at indicated timepoints
to determine culture density. Percent inhibition was calculated relative to vehicle-treated
bacteria. All inhibition values less than zero were plotted as zero. Asterisks indicate
treatments for which one or more timepoints were significantly (p<0.05) different from
vehicle. n = 3-5 for each condition.
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Figure 3. RC-101 Does Not I nhibit Commensal Vaginal L actobacilli

RC-101 at 10 pg/mL, 5 pg/mL or 0.5 pg/mL was incubated with six different species of
vaginal lactobacilli, and cultures were plated at indicated timepoints. Percent inhibition was
calculated relative to vehicle-treated bacteria and all inhibition values less than zero were
plotted as zero. No treatments resulted in significant (p<0.05) inhibition of lactobacilli. n = 3
for each condition.
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Figure4. RC-101 is Recovered from BV-Associated Bacterial Cultures

RC-101 (at 5 wg/mL) was incubated with BV-associated bacteria (5x10% CFU/mL)
anaerobically for 24 h, then culture extracts were immunoblotted for RC-101 recovery
determination. A) A representative immunoblot demonstrates the recovery of RC-101 from
bacterial cultures or media alone, run alongside a standard of known RC-101 concentrations.
B) Densitometry from three independent experiments. RC-101 recovery from bacterial
cultures was not significantly different from media alone.
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Figure 5. Reproductive Epithelial Cells Exhibit Minimal Phosphoprotein Responseto RC-101
HelLa cells were treated with vehicle, 20 pg/mL RC-101, or positive stimuli 10 ng/mL TNF-
a or 1000 U/mL IFN-a for 30 min, then lysed for phosphoprotein quantification.
Phosphoprotein ratios relative to vehicle-treated cells are shown for seven intracellular
signaling proteins. Ratios are averaged from three or more independent experiments, except
for quantification of p-MEK1 and p-STAT3 after RC-101 treatment, which are averaged
from two independent experiments.
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Figure 6. RC-101 Does Not I nduce Proinflammatory CytokinesIn Primary Vaginal Epithelia
Primary vaginal epithelia were treated with either 20 or 200 pg/mL RC-101, or paired
vehicles. After 24 h, conditioned media were collected and analyzed by multiplex cytokine
array. The ten cytokines shown are expressed as raw cytokine concentrations and are
grouped for graphing purposes. Asterisks indicated significant differences between RC-101
treatment and matched vehicle (p<0.05). n = 4-6.
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Figure 7. RC-101isWell Tolerated by Organotypic Vaginal Tissue M odel

Full-thickness organotypic tissues were treated with apical application of RC-101 at either
20 or 200 pg/mL RC-101 or vehicle. After 24 h, underlay media were collected and
analyzed by multiplex cytokine array. In addition to the ten cytokines shown in Figure 6 for
epithelia, another eight cytokines are shown here, all expressed as raw cytokine
concentrations and grouped for graphing purposes. No RC-101 treatments resulted in
significant differences from vehicle. ## = GM-CSF was detected in the maintenance media.
n=23-7.
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