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Figure 9. C. albicans viable counts (CFUs/gram tissue) recovered from tongues infected in the
presence of (A) increasing Hst-5 concentrations (B) Percent killing of Hst-5 on increasing C.
albicans cell density. Error bars indicate the SEs of the means. No significant difference is seen

between 0 and 50 ug/ml Hst-5 concentration (P>0.05). For all other values, P<0.05.
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2. Assessment of tissue protection by saliva based on C.

albicans viable counts recovered from infected tongues.

As Hst-5 is a salivary peptide, experiments were performed to assess the effect
of saliva on infected tissue. Saliva samples from 3 healthy individuals were
collected and tested in the ex vivo infection model. Based on clinical evaluation
and fungal culturing of swabs from oral cavities and saliva samples, subjects
were determined to be non-Candida colonized or infected. Results from the
experiments with human saliva were comparable to those obtained from Hst-5
treatment, where a drastic reduction was observed in the viable numbers (CFUs)
of C. albicans from tongues treated with saliva (Saliva) compared with control

tongues (infected in PBS) (Fig. 10).
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Similarly, the results from analysis of tissue sections from tongues treated with
saliva were comparable to those from Hst-5 where significantly diminished
numbers of C.albicans were seen adhering and invading the saliva treated (Sal+)
tongues compared to control tongues (Sal -) (Fig. 12).
Upon magnification, the hyphae were seen invading the epithelium (arrows) in
the untreated mice (Fig.13).
These histological findings in the mouse tissue are similar to those seen in
humans with oral candidiasis which is one of the reasons that makes the mouse

an ideal animal model to study mucosal and systemic candidiasis (Fig. 14).
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Figure 11. Histopathology analysis of mouse tongues infected with C. albicans in
the absence and presence of Hst-5. Representative microscopic images (x20)
from PAS-stained tissue demonstrating significantly decreased levels of C.
albicans adherence and invasion of the tongue tissue treated with (a) Hst-5

(Hst+) compared with the untreated (Hst-) tissue.
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i

Figure 12. Projection of the oral tissue agairLst ¢, %Ibicans adherence and

invasion by saliva (Sal+) compared with the untreated (Sal-) tissue. Scale bars =

20 ym.
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Figure 14. Clinical and histopathological pictures of oral candidiasis in a mouse

model are similar to those seen in indivciduals with candidiasis.
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B. In Vivo Model

1. Assessment of tissue protection by Hst-5 and saliva based on

C. albicans viable counts recovered from infected tongues, figure
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2. Assessment of tissue protection by Hst- 5 and saliva by tissue

histopathology of infected tongues, figure 16
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Figure 16. A magnified representative image of a PAS-stained section of

untreated tongue tissue infected with C. albicans demonstrating significant

hyphal invasion of the epithelium.
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VI. DISCUSSION

It is well established that the process of development and the course of
microbial infections are regarded as an encounter between the virulence of a
microorganism and the ability of the host to prevent microbial colonization or
invasion. This is particularly evident in the oral cavity, a unique environment
constantly bombarded with microbial challenges. Candida albicans is perhaps
the most successful oral opportunistic pathogen and its success greatly depends
on the ability of the host factors responsible for maintaining it in a commensal,
non-harmful state. In the oral cavity, host innate immune factors such as
antimicrobial peptides are considered to play a crucial role in this process. In the
case of oral candidiasis, Hst-5 has gained considerable attention due to its potent
antifungal properties. However, although the anti-candidal potency of Hst-5 has
been clearly established in vitro, studies exploring its efficacy in protecting host
tissue against candidal infection have been lacking.
Models of mucosal candidiasis that closely parallel in vivo dynamics are highly
desirable as they are central to assessing fungal pathogenicity and host
defenses. More importantly, such models are useful in assessing the efficacy of

various agents for the treatment of oral candidiasis. The murine model has been
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the animal model of choice for studying mucosal candidiasis due to the
demonstrated similarities of specific host processes. Therefore, we adopted a
murine ex vivo and in vivo models of oral infection in order to feasibly evaluate
the anti-candidal potency of Hst-5 on host oral tissue. Furthermore, although
human saliva has been shown to exhibit a protective anti-candidal effect on oral
tissue, the effect was not attributed to any specific salivary component [45]. To
that end, experiments were also designed to evaluate the protective effect of
saliva on oral tissue. Based on viable C. albicans counts recovered from
untreated and treated infected tongues, the findings demonstrated a decreasing
number of CFUs proportional to the Hst-5 concentration used (Fig.9 A). These
findings were analogous to those obtained from in vitro killing assays from
previous studies [46]. Surprisingly, no significant difference in the level of anti-
candidal protection was observed when tongues were exposed to Hst-5 for 30
min or 3.5 h, indicating that Hst-5 exerts its anti-candidal effect very rapidly. In
line with previous findings, the potency of Hst-5 on the tissue was inversely
proportional to C. albicans cell density (Fig.9 B) [46].

More importantly, however, was the demonstration of a protective effect for saliva
comparable to that exhibited by Hst-5 alone (Fig.10). Interestingly, the level of
salivary protection (based on C. albicans CFU counts) was equivalent to that for
Hst-5 concentrations within the salivary physiological range (150-300 ug/ml).

In addition, findings from histopathological analyses demonstrated significantly
decreased levels of C. albicans adherence and invasion of the tongue tissue

treated with Hst-5 (Hst+) or saliva (Sal+) compared with the untreated (Hst-)
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(Sal-) tissue (Fig. 11, 12). Combined, these finding clearly demonstrated a
potent protective effect for Hst-5 and saliva against C. albicans adherence and
invasion of host tissue.
However, in order to demonstrate the potential application of Hst-5 as a
therapeutic agent, an in vivo model is needed. To that end and based on the
findings from the ex vivo model, we developed an in vivo mouse model of
candidiasis to assess the effectiveness of Hst-5 in a host. In these experiments,
mice were infected with and without Hst-5 or saliva treatment. Similar to the
results from the ex vivo model, the in vivo results demonstrate significant
protective effect for Hst-5 on the treated mice (Fig. 15, 16), confirming the
therapeutic potential of Hst-5.
With the limited arsenal of antifungals available, coupled with the increasing
emergence of resistant C. albicans strains, the prospect of precluding candidiasis
using innate antimicrobial peptides as alternative drug therapies is becoming
increasingly attractive [9, 47, 48]. Specifically, its potent anti-candidal properties,
combined with a lack of toxicity to human cells, make Hst-5 a promising
therapeutic agent for the prevention and/or the treatment of oral candidiasis,
particularly in HIV-infected individuals.
Further, recognizing the various factors and conditions that play a role in the
progression of candidal colonization to infection in vulnerable populations will
greatly enhance our understanding of oral pathogenesis and contributing host
factors..However, clinical studies are warranted to fully elucidate the role of host

innate immunity and specifically salivary antimicrobial peptides in the enhanced
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predisposition to oral candidiasis within the context of HIV infection. Such crucial
information will have important clinical implications as it aids in the identification
and the design of novel therapeutic strategies aimed at prevention and/or

treatment of oral diseases.
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VII. CONCLUSION

Presently, antimicrobial peptides represent one of the most promising future
strategies for combating infectious diseases and drug resistance. This is evident
by the increasing number of studies to which these peptides are subjected. As
our need for new antimicrobials becomes more pressing, the question remains:
can we develop novel drugs based on the design principles of these innate

molecules?
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