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Any vaginal product that alters the mucosal environment and impairs the immune barrier increases the risk
of sexually transmitted infections, especially HIV infection, which thrives on mucosal damage and inflam-
mation. The FDA-recommended rabbit vaginal irritation (RVI) model serves as a first line selection tool
for vaginal products; however, for decades it has been limited to histopathology scoring, insufficient to
select safe anti-HIV microbicides. In this study we incorporate to the RVI model a novel quantitative
nuclease protection assay (qNPA) to quantify mRNA levels of 25 genes representing leukocyte differentia-
tion markers, toll-like receptors (TLR), cytokines, chemokines, epithelial repair, microbicidal and vascular
markers, by designing twomultiplex arrays. Tissue sections were obtained from 36 rabbits (6 per treatment
arm) after 14 daily applications of a placebo gel, saline, 4% nonoxynol-9 (N-9), and three combinations of
the anti-HIV microbicides tenofovir (TFV) and UC781 in escalating concentrations (highest: 10%
TFV + 2.5%UC781). Results showed that increased expression levels of toll-like receptor (TLR)-4,
interleukin (IL)-1β, CXCL8, epithelial membrane protein (EMP)-1 (P b 0.05), and decreased levels of TLR2
(P b 0.05), TLR3 and bactericidal permeability increasing protein (BPI) (P b 0.001) were associated with
cervicovaginal mucosal alteration (histopathology). Seven markers showed a significant linear trend
predicting epithelial damage (up with CD4, IL-1β, CXCL8, CCL2, CCL21, EMP1 and down with BPI). Despite
the low tissue damage RVI scores, the high-dose microbicide combination gel caused activation of HIV host
cells (SLC and CD4) while N-9 caused proinflammatory gene upregulation (IL-8 and TLR4) suggesting a
potential for increasing risk of HIV via different mechanisms depending on the chemical nature of the test
product.
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Introduction

Topical microbicides are developed for reducing the sexual trans-
mission of HIV-1 and other sexually transmitted infections. Recent
reviews of topical microbicides to prevent the transmission of HIV
(Fichorova, 2015; Pulaganti et al., 2014) define various stages in the ef-
fort to develop safe and effectivemicrobicides. Initially, broad-spectrum
detergents and polyanions were tried, but these products where either
ineffective or enhanced HIV transmission. During this period there was
also a rapid progress in antiretroviral therapy, which led to the current
stage of development with products containing antiretroviral (ARV)
compounds such as tenofovir (TFV), dapivirine andUC781. A systematic
Cochrane review (Obiero et al., 2012) examined the outcomes of
randomized clinical trials of all anti-HIV microbicides conducted
between 2004 and 2011. Eight broad-spectrum microbicides were
tested during this time and none of them were successful. Conversely,
one product containing tenofovir was tested and shown to be partially
protective (Abdool Karim et al., 2010).

The lack of effectiveness of vaginal anti-HIV microbicides has much
been blamed on unwanted local inflammatory reaction and tissue
damage (Fichorova, 2015; Pulaganti et al., 2014). These safety concerns
are especially raised for anti-HIV topicals becausewhile inflammation is
part of the normal response to clear bacterial and other viral infections,
it is not efficient in clearingHIV infection, and in fact, it increases the risk
of HIV infection. Inflammatory cytokines and chemokines drive and
activate CD4+ cells making them more susceptible to HIV infection,
and once the cells are infected they also stimulate HIV replication via
nuclear factor kappa B. At the same time interferon-stimulated innate
immune responses contribute to aborting HIV infection even though
HIV has developed mechanisms to evade these protective responses
making them less efficient in clearing infection (Goff, 2013; Rustagi
and Gale, 2014). Furthermore, inflammation causes tissue damage and
opens inter-cellular tight junctions thus allowing more viruses to
penetrate the epithelium and reach HIV host cells in the submucosa
(Mesquita et al., 2009). Therefore, guidelines for product development
have evolved to include rigorous preclinical evaluation of candidate
formulations using biomarkers of mucosal inflammation (Fichorova,
2004; Fichorova et al., 2001) driven by the premise that to be effective
the anti-HIV microbicides should not alter the integrity of the mucosal
barrier and must lack immunotoxicity defined as any significant upreg-
ulation of pro-inflammatory genes or suppression or anti-inflammatory
genes and immunoregulatory genes in comparison to a placebo that
may: 1) facilitate HIV transepithelial penetration and replication in in-
fected cells, and/or 2) impair protective responses against concurrent
bacterial and viral infections.

Traditionally animalmodels have been used for the preclinical safety
screening of microbicides in vivo. The animal models that have been
used include mouse (Lozenski et al., 2011, 2012; Xu et al., 2013), pig
(Banerjee et al., 2011b), monkey (Banerjee et al., 2011a) and rabbit
(Banerjee et al., 2011a; Strazza et al., 2011). Among the animal models
used to screen the compatibility of candidate anti-HIV topical
microbicides with the vaginal epithelial barrier, the rabbit vaginal
irritation (RVI) model is the one recommended by the USFDA for safety
evaluation of vaginal products prior to phase I clinical trials (Center for
Drug Evaluation and Research, 1995). Formore than 40 years thismodel
has served to determine toxicity using traditional pathology endpoints
like epithelial erosion, vascular congestion, edema and leukocyte
infiltration (Eckstein et al., 1969). Unlike other small rodent models it
allows testing of full strength formulations and full-dose volumes of
1.0–1.5 ml without leaking. Furthermore, the simple columnar epitheli-
umof the rabbit's abdominal vagina offers higher testing sensitivity for a
reasonable margin of safety selection prior to human use. At the same
time, the rabbit model is much less expensive than primate models for
evaluating vaginal microbicide compounds and formulations. In addi-
tion to systemic toxicity, the classic RVI version includes a gross pathol-
ogy and histology evaluation of the vaginal tissue. However, in this

classic version the RVI model has failed to predict the unwanted side
effects of anti-HIV microbicides prior to entering clinical trials. A well-
studied example is nonoxynal-9 (N-9), which was considered safe
based on classic RVI endpoints and preclinical evaluation but failed to
protect and even caused harm and increased risk of HIV infection in
efficacy clinical trials (Van Damme et al., 1998, 2000, 2002). Vaginal for-
mulations with up to 4% N-9 consistently received RVI scores that are
‘acceptable’ for human use and this experience led to the need to im-
prove the RVI testing, including cytokines and othermarkers ofmucosal
inflammation and immunotoxicity (Hillier et al., 2005).

To improve the rabbit model and make it more relevant to mucosal
safety we have established a refined RVI version, including markers of
leukocyte infiltration and proinflammatory activation such as enumera-
tion of CD45-positive cells, and levels of cytokines in vaginal washings
including IL-1α and β, IL-6 and IL-8, which correlated with findings in
human studies (Fichorova, 2004; Fichorova et al., 2011; Mauck et al.,
2013; Trifonova et al., 2006, 2007). Using immunocytochemistry we
identified additional markers of immunoinflammatory activation such
as NF-κB p60, VCAM-1, e-selectin and ICAM-1 (Trifonova et al., 2007).
This work was duplicated and successfully confirmed by a number of
other studies conducted in the rabbit model and also inmice, rats, guin-
ea pigs and primates (Alt et al., 2009; Costin et al., 2011; Zhong et al.,
2012). However, the wide and efficient use of the refined RVI model
has been hampered by limited availability of immunoassays and specific
antibodies against rabbit proteins, as well as by the semi-quantitative
aspects of the immunohistochemical type of analyses.

To overcome these limitations we applied a multiplex mRNA plat-
formbased on quantitative nuclease protection assay (qNPA), previous-
ly applied for assessment of human inflammatory genes (Leviton et al.,
2012; Trifonova et al., 2009). We assessed expression of multiple rabbit
inflammation-associated genes with known sequences with the intent
to distinguish more subtle pathological gradients of epithelial tissue
damage and inflammation in comparison to the crude histopathological
scoring system and to discriminate between microbicide gel formula-
tions of different strength and mechanism of action.

Materials and methods

Rabbit treatment. Young adult reproductive age nulliparous New
Zealand White Hra:(NZW)SPF rabbits (Covance Research Products,
Chantilly, VA) (5–8 months old, body weight 2.5 kg ±20%) were used
for this study. Test compounds included a normal saline solution
(Center Medical Supply, Portage, Michigan), the placebo gel HEC
(Hydroxyethylcellulose, 250 HX PHARM, Hercules, Wilmington, Dela-
ware), a 4% N-9 gel (Ortho Options Conceptrol Vaginal Contraceptive
Gel, available over-the-counter) and prototype combination gels
containing UC781, and TFV (all prepared and provided by University
of Utah, Salt Lake City, Utah (Cost et al., 2012)). The combination gels
were prepared in the following three proportions: 1) low dose combo
gel (0.25% UC781 and 1% TFV), 2) middle dose combo gel (0.75%
UC781 and 3% TFV); and 3) high dose combo gel (2.5% UC781 and 10%
TFV). TFV was obtained from Gilead Sciences (Foster City, California).
UC781 was prepared by custom synthesis by Regis Technologies (Mor-
ton Grove, Illinois). UC781 used in the gels was micronized (D50 of
2.2:m). We evaluated N-9 as a classic example of a microbicide that
passed the traditional RVI test but failed due to inflammatory damage.
It is a widely accepted control for vaginal inflammatory responses that
led to clinical failure. It had previously shown mild irritation in the RVI
model and thus was well suited for the goal of our investigation which
was to discover biomarkers of more subtle perturbations that would
be missed in Phase I trials by routine clinical and colposcopic examina-
tions. In addition we evaluated combination prototype gels with TFV
and UC781 in 3 different proportions. The combination of more than
one ARV in the vaginal delivery system offers additional mechanisms
of efficacy by targeting more than one event in the viral replication
cycle (Pirrone et al., 2011). Combination gels with TFV and UC781

199R.N. Fichorova et al. / Toxicology and Applied Pharmacology 285 (2015) 198–206



Download English Version:

https://daneshyari.com/en/article/2568428

Download Persian Version:

https://daneshyari.com/article/2568428

Daneshyari.com

https://daneshyari.com/en/article/2568428
https://daneshyari.com/article/2568428
https://daneshyari.com

