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Abstract

Microbial pathogens—bacteria, viruses, fungi, and parasites—are significant causes of blindness, particularly in
developing countries. For bacterial and some viral infections a number of antimicrobial drugs are available for
therapy but there are fewer available for use in treating fungal and parasitic keratitis. There are also problems
with current antimicrobials, such as limited efficacy and the presence of drug-resistant microbes. Thus, there is a
need to develop additional drugs. Nature has given us an example of 1 potential source of new antimicrobials:
antimicrobial peptides and proteins that are either present in bodily fluids and tissues constitutively or are
induced upon infection. Given the nature of peptides, topical applications are the most likely use to be
successful and this is ideal for treating keratitis. Such peptides would also be active against drug-resistant
pathogens and might act synergistically if used in combination therapy. Hundreds of peptides with antimicrobial
properties have been isolated or synthesized but only a handful have been tested against ocular pathogens and
even fewer have been tested in animal models. This review summarizes the currently available information on
the use of peptides to treat keratitis, outlines some of the problems that have been identified, and discusses
future studies that will be needed. Most of the peptides that have been tested have shown activity at concen-
trations that do not warrant further development, but 1 or 2 have promising activity raising the possibility that

peptides can be developed to treat keratitis.

Introduction

CULAR SURFACE INFECTIONS are a significant cause of

blindness and can be caused by bacteria, such as
Pseudomonas aeruginosa, Staphylococcus aureus, and
Streptococcus pneumoniae"; viruses, such as herpes simplex,
adenovirus, and vaccinia Vil‘u524; fungal species, such as
Candida, Fusarium, Aspergillis, and Curvularia; as well as
parasites, such as Acanthamoeba.” Antimicrobial agents are
approved for use in treating ocular infections with these
pathogens, with the exception of adenovirus, but there are a
number of issues with their use, including drug resistance, the
need for long-term treatment, lack of efficacy, and toxicity.
Because of these issues, there is a need for improved thera-
peutics. Antimicrobial peptides (AMPs) have significant
potential for use as antimicrobial agents for ocular or other
infections.®’ For some agents, such as P. aeruginosa and
herpes simplex virus (HSV), a considerable amount of work
has been done examining the potential therapeutic use of
peptides and proteins, but for other pathogens much less has
been done.

Nature Provides Examples

Nature provides us with numerous examples of the use of
peptides and proteins with antimicrobial properties either
present in tears or synthesized by conjunctival and corneal
cells. These include the small peptides o- and B defensins
and LL-37, a 37-amino-acid peptide derived from the pro-
tein hCAP18, and proteins, such as Lysozyme, Lactoferrin,
Lactoferricin B, and Mucins. Several recent reviews of the
presence and potential role of these peptides and proteins in
ocular infections have been published so only a summary
will be provided.”” Briefly, a-defensins are synthesized by
neutrophils infiltrating ocular tissues, while the B-defensins
and hCAP18 (LL-37) are synthesized by corneal and con-
junctival epithelial cells and cells in the lacrimal system. For
the B-defensins some are constitutively made, while others
are inducible in the context of an infection. Mucins on the
corneal surface also have antimicrobial activity and appear
to provide a significant barrier to infection, as evidenced by
the need to scarify the cornea to achieve reproducible in-
fections in animal models. Several proteins present in tears
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have antimicrobial activity, including Lysozyme, Lacto-
ferrin, Lipocalin, and Secretory IgA. Proteins, such as se-
cretory phospholipase A,, secretory leukocyte protease
inhibitor, and surfactant protein D, are also synthesized in
corneal and conjunctival epithelium and play impor-
tant roles in defense against infection. In addition to these
secreted molecules, corneal and conjunctival cells also
express pathogen-associated molecular pattern (PAMP)
receptors, such as Toll-Like Receptors. Inflammasome
components are important in upregulating expression of
defensive molecules, such as Interferon, and several che-
mokines and cytokines that in turn either have direct in-
hibitory activity or enhance the immune response.'® PAMPs
and inflammasomes have been shown to help protect against
ocular infection.””

Several different mechanisms of action are used by these
natural antimicrobial agents.7‘9 The defensins and LL-37,
which are cationic, have the potential to form pores in
bacterial membranes resulting in cell death. The antifungal
activity of defensins and LL-37 may also be related to pore
formation. The defensins and LL-37 can bind to viruses and
either prevent attachment, block entry, or both. This activity
includes nonenveloped viruses where it appears that the
peptides inhibit attachment and/or entry or can disrupt
capsids. One caveat is that the activity of some defensins is
reduced at salt concentrations present in tears.'' In addition,
the constitutively synthesized defensins are present at con-
centrations below those necessary to kill bacteria, but may
achieve effective concentrations following induction during
an infection. Lysozyme digests bacterial and possibly fungal
cell walls. The chelation of iron is responsible for some of
the antibacterial and antifungal activities of Lactoferrin but
it also inhibits viral infections by interfering with attach-
ment, entry, or both. The antiviral activity is most likely due
to a highly basic sequence at the N-terminus (lactoferricin).
Lipocalin interferes with microbial siderophores responsible
for transport of iron into microbes and deprivation of iron
inhibits growth. Secretory phospholipase A, cleaves lipid
molecules in bacterial membranes, thereby disrupting the
cells, and secretory leukocyte protease inhibitor may pre-
vent the activity of damaging microbial proteases. Secretory
IgA binds to pathogens and prevents attachment, neutralizes
infectivity, can bind to lectin-like molecules on patho-
gens facilitating removal, and has chemotactic activity for
neutrophils.

Studies on the role of these peptides and proteins in
protecting ocular surfaces have had mixed results.® In vitro
studies have shown that these natural AMPs and proteins
have broad-spectrum inhibitory activity and they are pro-
duced constitutively or are induced upon infection.'>'*
Studies that used knockout or naturally mutant mice, anti-
body depletion, or si/shRNA-knockdown approaches have
shown that some of the AMPs appear to be protective.'>"?
Due to redundancy, single-knockout studies, animal models
may not be an accurate indicator that a particular peptide or
protein is not important. Multiple AMPs and enzymes are
present in tears and on the corneal surface and the activities
of these could mask the loss of a single component. In ad-
dition, there are synergistic interactions between compo-
nents that could affect the interpretation of single-knockout
studies. As pointed out by Kolar and McDermott® and Silva
et al.,’ the full potential of naturally occurring AMPs and
proteins has not been adequately explored.
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Several approaches have been used in developing and
testing peptides for potential efficacy in treating microbial
keratitis. The more traditional approach involves identifying
peptides (ie, AMPs) with direct antimicrobial activity. Such
studies involve in vitro testing of the test articles for either
inhibition of growth [eg, minimum inhibitory concentration
(MIC) values] or microbicidal activity that directly kills the
pathogen, followed, in some cases, by testing potential ef-
ficacy in an appropriate animal model. In silico methods to
design optimal peptides have also been used, as well as
phage display strategies. Animal models exist for the most
common bacterial pathogens—fungi, Acanthamoeba—and
for HSV-1 and vaccinia infections. Rabbits and mice are the
most frequently used animals and infections either involve
corneal scarification followed by topical application of the
microbe, stromal injection of the pathogen, or corneal
abrasion. The most common treatment modality is topical
application of the test article in an aqueous solution, such as
phosphate-buffered saline (PBS) or artificial tears; in a gel
formulation involving a thickening excipient; or in a cream.
More hydrophobic test articles are usually given in cream
formulations.

In this review I focus primarily on peptides that have been
tested in vivo for efficacy in treating ocular pathogens, but
will mention some more recent peptides that have only been
tested in vitro. Several peptides have been tested in vitro
against ocular isolates (reviewed in Manniszo). Some of
these represent naturally occurring molecules but several are
synthetic peptides. In general, the quality and completeness
of the studies vary widely and more rigor is needed in
studies testing AMPs. Many of the peptides and proteins that
have been studied have moderate efficacy but a few of them
appear to be as effective as currently available drugs and
have significant promise for clinical use. Table 1 summa-
rizes the peptides that have been tested only in vitro and
Table 2 lists those peptides that have been tested in animal
models.

Five general approaches have been used for peptides that
have direct antimicrobial effects. These include AMPs
themselves without modification, AMPs with specific
modifications designed to enhance the activity, synthetic
peptides, peptides derived from functional domains of pro-
teins, and peptide-drug conjugates. Of the hundreds of
AMPs that have been identiﬁed,21 only a handful have been
tested in cell culture for potential utility in treating ocular
infections and even fewer have been adequately tested in
animal models.

Antimicrobial Peptides
Unmodified AMPs

An AMP from the King Cobra, OH-CATH30, was shown
to inhibit 10 clinical isolates of P. aeruginosa with MIC
values for most strains at a concentration of ~ 6 pg/mL and
had syner§istic activity with antibiotics that inhibit topoi-
somerase.”” Studies in a rabbit model showed that OH-
CATH30 alone was very effective in preventing corneal
clouding and reduced the bacterial burden by ~ 100-fold. In
addition, inflammatory infiltrates in the cornea were reduced
as were the amounts of proinflammatory cytokines. In vivo
toxicity studies were not included but this study is very
encouraging and may lead to the clinical use of this AMP.
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AMPs have also been tested for viral infections. The
circular 0 defensins are not synthesized by humans but are
present in Old World Monkeys, gibbons, and orangutans and
have been shown to have broad-spectrum antiviral activity,
including HSV.>*2® We tested the potential efficacy of a 0
defensin (RC-2) in a mouse model of HSV-1 keratitis.?’ In
yield reduction assays with HSV-1 KOS, the EC5, value was
~10puM (20 pg/mL). For the mouse study, we used PBS
with or without 2% methylcellulose (gel) at a concentration
of 0.1%. RC-2 significantly reduced keratitis scores when
used prophylactically (preincubation of virus with RC-2 in
PBS or topical application in the gel) but was not effective
when treatment was initiated between 3 and 4 h postinfec-
tion. With postinfection treatment viral shedding from the
cornea was reduced by %2 log unit, which was significant,
but not as effective as ViropticZg; thus, RC-2 may not be
worth further study for HSV keratitis.

Modified AMPs

Over many years numerous modifications have been
made in AMPs for structure—function analysis and to po-
tentially improve the activity, reduce toxicity, or improve
pharmacokinetic parameters. Unfortunately only a few of
these have been tested for efficacy in keratitis models. Using
the rationale that AMPs target bacterial membranes, Pasu-
puleti et al.*’ tested the effect of adding tryptophan tags to
peptides from kininogen to improve the membrane inter-
action. They found that potency in vitro increased as the
length of the tag increased with MIC values of 2.5uM
against P. aeruginosa with a 5-residue tag. They then in-
cubated the peptide with contact lenses that were seeded
with bacteria and showed that bacterial counts were reduced
by ~90%. Thus this peptide may be useful in lens-cleaning
solutions. To my knowledge these peptides have not been
tested in actual corneal infection models.

Nos-Barbera et al.*° synthesized a hybrid peptide con-
taining amino acids from cecropin A and melittin and tested
their activity against P. aeruginosa. The MIC values ranged
from 1 to 4pg/mL. They then applied peptide topically
(0.1%) in a rabbit model of keratitis using 2 treatment
regimens—o6 instillations every 2h and 12 installations ap-
plied hourly—and scored clinical disease. They found that
with either regimen there was a ~30% to 40% reduction in
the severity of keratitis, which was comparable to the effect
of Gentamicin. This work does not appear to have been
followed up with further development perhaps because ef-
ficacy did not appear to be significantly better than the an-
tibiotic and the peptide would be more costly.

Synthetic peptides

Mannis?® used a computational drug design strategy to

identify potential AMPs. These peptides—designated CCIA,
B, and C and Col-1—were tested in vitro against ocular
isolates of P. aeruginosa, S. aureus, and Staphylococcus
epidermidis and found that they reduced colony counts by 2
to 3 logs depending on the bacterium and the peptide. They
then tested the Col-1 peptide in a rabbit model of P. aeru-
ginosa Keratitis. The peptides were delivered in 0.5 meth-
ylcellulose/0.05% EDTA at concentrations of 10 or 50 pg/
mL. The treatment regimen was 1 drop every 15 min for the
first hour followed by 9 additional drops at hourly intervals
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for the first day. On days 2—4 one drop was given every hour
for 10h each day. Treatment was initiated 12—14h postin-
fection. Unfortunately, Col-1 treatment did not result in
significantly reduced keratitis scores but did reduce the
bacterial load at 96 h postinfection. Although delaying the
onset of treatment for several hours more closely mimics a
patient setting, this might have accounted for the lack of
effect in vivo.

Several cationic peptides have been shown to have anti-
microbial activity most likely by binding to surface struc-
tures on the microbes and inhibiting their function. For
example, cationic peptides prevent HSV-1 attachment and/
or entry blocking the infection.’®>'*? All d-polyarginines
inhibit the protease furin that is responsible for cleavage and
activation of P. aeruginosa exotoxin A and are a significant
virulence factor.”>’ Based on these observations Kar-
icherla and Hobden tested the efficacy of a nona-bp-arginine
peptide in a mouse model of P. aeruginosa infection.**>°
They found a dose-dependent significant reduction in kera-
titis scores in mice treated with either 10 or 100 uM peptide.
Treatment with peptide and ciprofloxacin reduced keratitis
scores below that of either peptide or antibiotic alone and
the levels of corneal cytokines were reduced in treated eyes.
Although they found significant reductions in disease, the
keratitis was not completely prevented so it is not clear that
this peptide would be useful clinically.

Tiwari et al.** screened a M13 phage peptide display li-
brary for peptides that bound to heparan sulfate (HS) and 3-
OS HS. The rationale being that HSV-1 initially binds to HS
on the cell surface and 3-OS HS is a coreceptor for HSV-1
glycoprotein that is required for entry into cells. They
identified 2 peptides (Gl and G2) from this screen that
inhibited HSV-1 entry with ECs( values of 20-30 uM. Both
Gl and G2 inhibited several strains of virus. They then
showed that, when given prophylactically (0.5 mM) on
mouse corneas, infection and keratitis severity were signif-
icantly reduced. To date, G1 and G2 have not been tested in
a postinfection treatment regimen. The peptides are cationic
and structure—function analysis indicated that positively
charged residues were important; thus, these peptides may
be acting in a manner similar to the TAT-Cd® peptide we
have worked with and other cationic peptides, although the
ECs, for TAT-Cd® is lower.

Using a similar phage display approach, Zhao et al.*’
isolated 2 peptides, PC-C and PC-E, that inhibited Asper-
gillis adhesion to human corneal stromal cells with ECsq
values in the range of 3-5. These peptides also inhibited
adhesion to mouse corneas when added at a concentration of
100 uM one hour prior to addition of the fungus. They also
tested Pc-C and Pc-E in a mouse corneal scarification model
and found that colony forming units were reduced by 50%
one day postinfection and significantly reduced keratitis
scores on days 3 and 5 after infection.

Peptides derived from proteins

Most peptides are poorly taken up by eukaryotic cells so
most development efforts of peptide antimicrobials have
focused on topical uses and generally target surface struc-
tures on the pathogens. However, a number of peptides are
now known that can facilitate cellular uptake of moieties
coupled to them. In an effort to get an antiviral peptide into
cells we decided to couple a peptide that blocked HSV ri-
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bonucleotide reductase (RR)*'**? to these ““cell penetrating

peptides” (CPPs) and tested their activity against HSV-1.
To our surprise, we found that the CPPs themselves had
antiviral activity*>** that was sometimes better than the RR-
coupled peptides. One of the peptides was a 13-residue
peptide derived from the HIV-1 tat protein that was shown
to inhibit HSV-1 infection of corneal epithelial cells.*> We
subsequently modified the tat peptide by adding a C-ter-
minal cysteine, amidating the C-terminal carboxyl group,
and using all d-amino acids to reduce susceptibility to
proteases (TAT-Cd®). These changes improved the ECs(, and
gave the peptide virucidal activity.’’ We then tested the
efficacy in a mouse model of herpetic keratitis using 4
different vehicles: PBS, 2% methylcellulose gel, artificial
tears, and a cream.*® We found, regardless of the formula-
tion, that TAT-Cd® applied topically 5 times per day at a
concentration of 1 mg/mL significantly reduced the severity
of corneal vascularization and stromal keratitis. Treatment
reduced viral shedding by 1.5 logs at 24 h postinfection. We
also showed that TAT-Cd® was not toxic to mouse cor-
neas.*’ These results were encouraging but the peptide was
not as effective as Viroptic.

Uchio et al.*® tested hCAP18 (LL-37) against several
adenovirus strains, including those involved in epidemic
keratoconjunctivitis, in cell culture and found that the ECs
values ranged from 118 to 270 uM. Unfortunately, these
ECs, values suggest that this peptide should not be devel-
oped further even though the CCsq value was ~ 3,200 pg/
mL, because concentrations this high would be expensive
and would unlikely to be effective in vivo. In a novel ap-
proach, Lee et al.*’ engineered corneal epithelial cells to
express LL-37. They found that the secreted LL-37 inhibited
binding of HSV-1 to cells but this was not sufficient to
completely protect the cells. Lee et al.* also constructed
composite nanoparticle-hydrogel corneal implants contain-
ing LL-37, and showed that these could inhibit HSV-1 at-
tachment to cells in culture. These gels have not been tested
in animal models, however.

Human apolipoprotein E allele €4 has been identified as a
risk factor in HSV infections and carriers of the allele have
an increased risk of cold sores and genital herpes.’®>?
Dobson et al.”® found that an apoE dimer tandem repeat
peptide (apoEdp) derived from the receptor binding region
of the APOE protein inhibited HSV-1 infection of cells with
an ECsq value of 16.6 uM, HSV-2 with an ECsy of ~40 uM,
and P. aeruginosa with an ECsq value of 2.5 uM. The an-
tiviral activity is directed toward very early events and given
that the receptor binding region of ApoE is known to bind
HS, the mechanism of inhibition for HSV-1 and HSV-2 is
probably related to this activity. Battacharjee et al.>* tested
the efficacy of the apoEdp (1% in PBS) peptide using a
mouse model of HSV-1 keratitis. The apoEdp was found to
be as effective as 1% Viroptic in reducing the severity of
keratitis and enhanced clearance of the virus. The expres-
sion of several cytokines associated with corneal inflam-
mation was also reduced. This group subsequently tested the
effect of apoEdp in a rabbit herpes keratitis model with
results similar to those in the mouse model.” In the rabbit
study, a TK-negative strain (resistant to nucleoside analog
antivirals) was used, suggesting that peptides would be ac-
tive against resistant strains. In neither of these articles was
corneal toxicity evaluated but, because apoEdp was as ef-
fective as the currently approved ocular antiviral (Viroptic),
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this peptide is probably worth further development. In ad-
dition, because apoEdp also inhibits P. aeruginosa™ it
should be tested for efficacy in bacterial keratitis models.

CAP37 is a neutrophil-derived protein that contains a 25-
amino-acid sequence (residues 20-44) with antimicrobial
activity. Peptides derived from CAP37 have been shown to
have broad-spectrum activity against several ocular patho-
gens, including P. aeruginosa and S. aureus.>® Gordon
et al.’’ found that CAP37 peptides inhibited HSV-1 and
some types of adenoviruses in cell culture; however, ocular
types, such as Ad8 and Adl19, were not inhibited. Thus,
CAP37 peptides may be useful for treating herpetic keratitis.
CAP37 peptides also have inhibitory activity against several
species of Candida so they may also be useful for treating
fungal keratitis.’® To date, there are no reports testing
CAP37 peptides in animal models of ocular infection.

Adenoviruses use a5B1 integrin for entry into cells via an
RDG motif®; thus, RDG-containing peptides might inter-
fere with this interaction. Based on this rationale, Uchio
et al.*® tested the effect of a peptide containing this motif
(GRGDSP) against several strains of adenoviruses, includ-
ing those that cause epidemic keratoconjunctivitis, and
found that they reduced replication. However, the ECsq
values were in the low-mM range (0.14-1.1), which is not
sufficiently low to warrant further development. The peptide
is very short so the reduced activity may have been due to
the failure of the peptide to adopt a specific conformation
needed for efficient interaction with the target, so it is
possible that the activity could be improved with further
work.

Sacramento et al.*” synthesized peptides corresponding to
the amino terminus of a protein called trialysin and tested
them for antiparasitic activity against Acanthamoeba cas-
tellanii. They also tested gomesin, an AMP from spiders.
The trialysin-derived peptides, denoted P5 and P6, fold into
amphipathic helices and had been shown to induce bacterial
and protozoan lysis.’ Gomesin is a B-hairpin peptide and
had been shown to have antibacterial and antifungal activ-
ities.®*% They found that the P5 peptide completely in-
hibited growth at a concentration of 7 uM, while P6 had
little, if any, effect and gomesin required a concentration of
64 UM to inhibit growth to the same extent as P5. In parasite
permeabilization assays, the 50% concentrations were 34.5,
59, and 23 uM, respectively, for PS5, P6, and gomesin.
However, P5 had a 50% permeabilization concentration of
22 uM yielding a therapeutic index of 0.6. This is not sur-
prising because amphipathic peptides can be toxic to eu-
karyotic cells. In addition, P5 was sensitive to protease
digestion that would affect the half-life in clinical use. The
observation that growth inhibition by P5 occurred at a lower
concentration than permeabilization suggests that additional
antiparasitic mechanisms are involved. Because of the poor
therapeutic index, these peptides are unlikely to be effica-
cious and further work is not warranted.

Peptide-drug conjugates

Eukaryotic cells express dipeptide transport proteins
raising the possibility that conjugation of an antimicrobial to
a dipeptide might increase cellular uptake.®* In addition, the
addition of a valine residue to acyclovir or ganciclovir to
create prodrugs increases oral bioavailability.®>~®” Using
this rationale, Park et al.®® coupled acyclovir (ACV) to the
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3-0S heparin sulfate binding G2 peptide mentioned previ-
ously®? and tested it for efficacy. In a plaque reduction as-
say, they found that the G2-ACV was active, indicating that
conjugation did not reduce the activity of ACV. Similar
results were seen when ex-vivo-infected porcine corneas
were stained for HSV antigen that was used as a surrogate
for viral replication. It is not clear why they did not test for
titer reductions in the ex vivo model or why their mouse
model was not used and they did not test their hypothesis
that conjugation to G2 would improve corneal uptake.

Concluding Remarks

Hundreds of AMPs have been described in the literature
(reviewed in Refs.?"**%) and numerous synthetic peptides
have been described, yet only a few have been tested for
their ability to inhibit common ocular pathogens and even
fewer have been evaluated in animal models for efficacy.
Comparing the available data, it presents a mixed picture of
the clinical potential of peptide therapeutics for ocular in-
fection. Some of the peptides tested show little or no ac-
tivity, others have modest efficacy, and 1 or 2 have activity
comparable to currently available small molecules. What is
clear is that more peptides need to be tested in rigorous
studies. In addition, there needs to be a systematic analysis
of structure activity relationships with these peptides to
improve their activity in the eye, identify the mechanisms
whereby they inhibit specific pathogens, how structural
features affect delivery to the ocular surface, and determine
pharmacokinetics and optimal formulations. Although it is
known that many AMPs form pores in bacterial membranes,
there may be other mechanisms of inhibition that are in-
volved. The mechanisms for inhibiting viral pathogens are
different from bacteria and there is very little information on
how they inhibit fungal or parasitic pathogens. It is likely
that peptides will be active against pathogens resistant to
currently available antimicrobials. Additionally, combina-
tions of peptides, or combinations of peptides and small-
molecule antimicrobials might show synergism and should
be tested.

One factor that may reduce activity is that short peptides
may be adopting random-coil structures in solution and the
optimal activity requires the formation of o-helical or B-
sheet structures. This issue needs systematic study in the
context of the ocular surface and has been addressed for
other applications through the introduction of specific amino
acid sequences, circularizing peptides, or using stapled
peptide approaches.”®"?

Another critical area that has been poorly addressed is the
pharmacokinetics of potentially therapeutic peptides on the
ocular surface. We know very little about the residence time
of peptides on the cornea and in the tear film in relation to
the kinetics of washout. We know little if anything about
their ability to penetrate into the cornea or whether they
reach the interior of the eye. We also know very little about
stability of the peptides. Cationic peptides in particular may
be susceptible to proteolytic digestion. Some of the peptides
that have been tested have been synthesized from all d-
amino acids and are therefore resistant to digestion but it is
not known for many of the peptides whether all d-versions
would retain the desired activity.

A systematic study of peptide formulation for ocular
delivery needs to be undertaken. Some rudimentary studies
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of the activity of a peptide in different formulations have
been done but most studies have simply suspended the
peptide in PBS for topical delivery. Formulation with spe-
cific excipients could improve residence time on the cornea
or enhance penetration that could improve the efficacy.
There is wide variation in the quality of peptide studies.
Studies should include determination of ECsq values re-
ported as micromolar concentrations in order for compari-
sons to be made with small molecules and other peptides.
Every study needs to have a CCs, determination and a
specificity index (SI or therapeutic index) needs to be cal-
culated. Studies to determine the mechanism of action need
to be included and preliminary animal efficacy studies are
needed for peptides with ECsq values at nanomolar or low
micromolar concentrations. Control groups with peptide
only in uninfected eyes should be included in every animal
study to provide a preliminary test of toxicity unless a more
complete in vivo toxicity analysis is presented as a separate
study. One also needs to be cognizant of the fact that unless
a peptide is active in culture at nanomolar or low micro-
molar concentrations and has an SI value > 10 it is highly
unlikely to be a viable candidate for further development.
For example, the DP178 peptide (T20; Fuzeon), which is
FDA approved for use in treating HIV infections, inhibits
infection of T-cells with an ECsq of 0.001 pg/mL."*
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