Clinical Ophthalmology downloaded from https://www.dovepress.com/

For personal use only.

Clinical Ophthalmology

3

Dove

ORIGINAL RESEARCH

Antiadenoviral effects of ganciclovir in types
inducing keratoconjunctivitis by quantitative
polymerase chain reaction methods

Jane Huang'

Kazuaki Kadonosono?
Eiichi Uchio'

'Department of Ophthalmology,
Fukuoka University School of
Medicine, Fukuoka, 2Department
of Ophthalmology, Yokohama City

University Medical Center,
Yokohama, Japan

Correspondence: Eiichi Uchio
Department of Ophthalmology,
Fukuoka University School of
Medicine, 7-45-1 Nanakuma,
Jonan-ku, Fukuoka 814-0180, Japan
Tel +81 92 801 1011

Fax +81 92 865 4445

Email euchio@fukuoka-u.ac.jp

This article was published in the following Dove Press journal:
Clinical Ophthalmology

30 January 2014

Number of times this article has been viewed

Purpose: The most common external ocular viral infections are caused by several human
adenovirus (HAdV) types. Ganciclovir has been reported to inhibit cytomegalovirus, herpes sim-
plex virus types 1 and 2, varicella zoster virus, and Epstein—Barr virus. Ganciclovir ophthalmic
gel, 0.15% (Virgan®) is commercially available for cytomegalovirus or herpes virus keratitis.
However its inhibitory activity against HAdV is reported only for types 2 and 5. We investigated
the antiadenoviral activity of ganciclovir in vitro in several common types currently inducing
keratoconjunctivitis.

Materials and methods: A549 cells were used for viral cell culture, and adenovirus types 3
(HAdV3; species B), 4 (species E), and 8, 19a, and 37 (species D) were used. After pretreatment
of A549 with serial dilutions of ganciclovir for 24 hours, adenovirus was cultured for 7 days,
and adenoviral deoxyribonucleic acid was quantitatively measured by real-time polymerase
chain reaction (PCR).

Results: The 50% cytotoxic concentration of ganciclovir was 212 pug/mL. The 50% effective
concentration of ganciclovir obtained by real-time PCR ranged between 2.64 and 5.10 pg/mL.
A significant inhibitory effect of ganciclovir on adenoviral proliferation was found in all types in
a dose-dependent manner. The selectivity index of ganciclovir ranged between 41.6 and 80.3.

Conclusion: Ganciclovir showed significant inhibitory activity against HAdV3, 4, 8, 19a,
and 37, which induce epidemic keratoconjunctivitis. These results indicate that ganciclovir is a
possible candidate for the treatment of HAdV keratoconjunctivitis, and ganciclovir ophthalmic
gel could be applied to adenoviral keratoconjunctivitis in the future.

Keywords: adenovirus, ganciclovir, epidemic keratoconjunctivitis, nucleoside analog, A549
cell line

Introduction

As a systemic infection, human adenovirus (HAdV) infects the respiratory tract,
intestinal tract, and in rare cases the liver and kidneys, and has a variety of clinical
manifestations. The HAdV family consists of 57 known types, which are currently
increasing in number due to the recent introduction of a phylogenetic classification,
which fall into seven species — A to G.'* Pediatric patients undergoing allogeneic
stem cell transplantation are particularly prone to disseminated HAdV infections, with
high associated morbidity and mortality.” Severe systemic HAdV infection can also
occur in patients with acquired immune deficiency syndrome.® During the past decade,
the growing practice of transplantation accompanied by strong immunosuppressive
therapy has led to a gradual increase in the incidence of severe HAdV infections. Many
HAJV types also cause the most common external ocular viral infections worldwide.
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In particular, adenoviral conjunctivitis is known to be the
major cause of acute contagious infections associated with
community and nosocomial epidemics.”® Thus, the devel-
opment of effective antiadenoviral drugs for the clinical
treatment of adenoviral conjunctivitis or systemic HAdV
infectious diseases is important.

The treatment of adenoviral ocular infections is contro-
versial, and at this time, there is no approved antiviral therapy
for HAdV infections. There is an increasing need for new
antiviral therapeutics with potent activity against HAdVs
and a favorable therapeutic index. Case studies on the nucleo-
side analog ribavirin have yielded conflicting results.”!!
Recently, several investigators, including our group, reported
that cidofovir,'>!? zalcitabine,'* and stavudine'® were effective
in inhibiting HAdV replication. Cidofovir was also found to
be beneficial in several small-scale studies involving patients
with life-threatening HAdV infections.”!® The treatment of
ocular adenovirus infections is controversial, and there exists
no approved antiviral treatment known to prevent or lessen
the ocular sequelae of HAdV-induced diseases.

Ganciclovir is a synthetic nucleoside analog of
2’-deoxyguanosine. Its structure is 9-(1,3-dihydroxy-
2-propoxymethyl) guanine. Ganciclovir has been
reported to inhibit cytomegalovirus, herpes simplex virus
types 1 and 2, varicella zoster virus, and Epstein—Barr
virus.'” Commercially available outside the US since 1996,
ganciclovir ophthalmic gel 0.15% (Virgan®; Farmila-
Thea, Milan, Italy) is sold in more than 30 countries and
has become the standard of care in treating acute herpetic
keratitis.’® As for HAdV, there are a restricted number of
studies that have reported the antiviral activity of ganciclo-
vir against HAdV.!*2!

In the present study, using real-time polymerase chain
reaction (PCR) to directly quantify HAdV progeny in virus-
infected cells, we investigated whether ganciclovir displays
potent and selective antiviral activity against HAdV types
causing keratoconjunctivitis, 3, 4, 8, 19a, and 37.

Materials and methods

Experimental compound and cells
Ganciclovir (9-[{1,3,-dihydroxy-2-propoxy } methyl] gua-
nine) (Denosine®; Mitsubishi Tanabe Pharma, Tokyo, Japan)
was obtained from a commercial source. A549 cells (alveolar
epithelial cells, CCL-185) were obtained from the American
Type Culture Collection (ATCC, Manassas, VA, USA) and
cultured in Eagle’s Minimum Essential Medium (MEM;
Nissui, Tokyo, Japan) containing 2 mM L-glutamine, 0.1 mM
nonessential amino acids, and 7% fetal calf serum.

Viruses

HAGQV type 3 (HAdV3), HAdV4, HAdV8, HAdV19, and
HAdV37 were used. HAdV3, 4, 8, and 37 were prototype
strains, and were provided by the ATCC. Since HAdV19p
(prototype strain) has never induced keratoconjunctivitis,?
we used a clinical strain, HAdV19a, for this study. These
strains were propagated in A549 cells and stored at —80°C
until use.

Cytotoxicity assay

The cytotoxicity of ganciclovir was evaluated in A549 cells.
This assay was carried out according to our previous report. !>
In brief, dilutions of ganciclovir were prepared in Eagle’s
Minimum Essential Medium supplemented with 2% fetal
calf serum. The medium was then discarded and replaced
for 24 hours by medium containing eight concentrations
of ganciclovir: 62.5, 125, 250, 500, 1,000, 2,000, 4,000,
and 8,000 pug/mL. After 7 days’ incubation at 37°C with
5% CO,, the cells in the plates were then subjected to a
3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-
2-(4-sulfophenyl)-2H-tetrazolium (MTS)-based colorimet-
ric assay for cell viability according to the manufacturer’s
instructions (CellTiter 96® Aqueous One solution reagent;
Promega Corporation, Fitchburg, WI, USA). A490 values,
corrected for the cytotoxicity exerted by ganciclovir (as deter-
mined in mock-infected cultures), were used to calculate the
percentage of cell viability. The 50% cytotoxic concentration
(CC,,) was determined as the value causing destruction of
50% of the monolayer cells, by regression analysis.

Antiviral experiments in A549

cells using real-time PCR

The following virus-culture step was carried out as per our
previous work.!"S First, A549 cells were seeded in wells of
96-well plates at 10,000 cells per well and incubated for 4 or
5 days until confluence was reached. Then, 50 uL HAdV,
diluted in medium to obtain a virus input of five plaque-
forming units per well, was added to each well. After 2 hours
at 37°C, the virus suspension was aspirated and replaced by
serial dilutions of the ganciclovir compound (200 UL per
well). The concentration of ganciclovir was determined for
several dilutions of the CC, of ganciclovir. Mock-treated
cultures receiving only ganciclovir were included in each
plate. After 7 days of incubation at 37°C, microscopy was
performed to score the virus-induced cytopathic effect. After
removal of the culture supernatant, cells and virus particles
were lysed by the addition of 70 uL lysis buffer (10 mM
Tris-HCI [pH 7.8], 0.5% sodium dodecyl sulfate, 5 mM
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Na, ethylenediaminetetraacetic acid, and 80 ug proteinase
K/mL) and incubated at 50°C for 1 hour and then at 65°C for
20 minutes to inactivate the proteinase K. After centrifugation
(23,000 x g, 10 minutes), soluble cell extracts were stored
at —20°C until real-time PCR was performed. The following
real-time PCR assay was conducted according to a previous
study by Miura-Ochiai et al.® Extracts were diluted 100-fold
in water. Then, 2 uL diluted extract was added to each well in
optical plates containing 23 uL. SYBR green?* PCR master
mix (Life Technologies, Carlsbad, CA, USA), and forward
and reverse primers (300 uM) were added to the wells. The
primers, derived from GenBank sequences, were chosen to
amplify a 137 bp fragment in the conserved HAdV hexon
deoxyribonucleic acid (DNA) sequence, allowing analysis
of all known HAdV types (forward primer, 5-CGCTGGA-
CATGACTTTTGAG-3’; reverse primer, 5'-GAACGGTGT-
GCGCAGGTA-3"). Real-time PCR analysis was performed
in an ABI Prism 7000 apparatus (Life Technologies) and
consisted of 10-minute activation at 95°C, followed by 40
thermal cycles, each consisting of 15 seconds at 95°C and 90
seconds at 60°C. The therapeutic index of a drug is the ratio
of the dose that results in an undesired effect to that which
results in a desired effect. It is usually defined as the ratio
of half-maximal inhibitory concentration to 50% effective
concentration (EC, ), which indicates how selective the drug
is in eliciting its desired effect. EC, was calculated from the
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dose response to ganciclovir measured 7 days postinfection,
and corresponded to the ganciclovir concentration reducing
the number of viral DNA copies by 50%. In this study, for
this purpose, the selectivity index (CC, /EC, ) of ganciclovir
for each HAdAV type was calculated based on the ratio of
CC,, and EC,. Experiments were carried out in triplicate
for each type.

Statistics

Nonparametric analysis was conducted. The Shirley—
Williams” multiple comparison test (nonparametricalized
Williams’ test) was used to detect the significance of the dose-
dependence of the tested agent in each serotype. A level of
P<0.05 was accepted as statistically significant.

Ethical consideration
This research adhered to the tenets of the Declaration of
Helsinki.

Results

Cytotoxicity of tested compound

The CC,, of ganciclovir was 212 pg/mL (827 uM)
(Figure 1). Based on this value, an experiment on its inhibi-
tory effect on HAdV proliferation was carried out at four
concentrations: 10-, 20-, 40- and 80-fold dilutions (20, 10,
5,and 2.5 ug/mL) of CC,.

0.0

8,000 4,000 2,000

1,000 500 250 125 63

Drug concentration (ug/mL)

Figure | Results of toxicity assay of ganciclovir in the A549 cell line. According to the dose and cell viability from this graph, the 50% cytotoxic concentration of ganciclovir

was calculated as 212 pg/mL.
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effect and selectivity index

The relationship between the concentration of ganciclovir
and decrease in virus copy number is shown in Table 1.
Ganciclovir showed a dose-dependent inhibitory effect on
all types. The EC, of ganciclovir ranged between 2.64 and
5.10 pg/mL (10.3 and 19.9 uM) (Table 1). The selectivity
index of ganciclovir ranged between 41.6 and 80.3. A sig-
nificant inhibitory effect of ganciclovir against HAdV was
observed in all types at various concentrations compared
with controls (Table 1).

Discussion

In this study, ganciclovir had a significant inhibitory effect
in a dose-dependent manner against all selected types of
HAdV —HAdV3, 4, 8, 19a, and 37 — which induce epidemic
keratoconjunctivitis. Ganciclovir is reported to be effective
against HAdV2"?° and HAdV5?! in vitro and in vivo. However,
these types rarely induce keratoconjunctivitis in Southeast
Asia, especially in Japan.”® Epidemic keratoconjunctivitis
(EKC) is mainly caused by species D adenoviruses of types 8,
19, and 37. Types 3, 4, and 7, which belong to species B, also
cause conjunctivitis and pharyngoconjunctival fever.® The
susceptibility of HAdV to antiviral drugs is not comparable
but is species-dependent.”’ The antiviral activity of ganci-
clovir against HAdV has been reported in an animal model,
but this model lacked clinical signs of keratoconjunctivitis.?
Therefore, it is currently necessary to include various types of
HAGJV to evaluate the antiviral effect of chemical compounds
in in vitro-based study. We selected HAdV types 3, 4, 8, 19a,
and 37 in this study, not only to evaluate the antiadenoviral
activity of ganciclovir but also to survey its possible use as
eyedrops in the field of clinical ophthalmology. Kaneko et al
reported that they identified novel HAdV53 and HAdV54
from a recent epidemic of keratoconjunctivitis in Japan.?
Thus, it seems worthwhile to analyze these new types in

our study. However, we have previously carried out a series
of studies evaluating the antiadenoviral activity of several
agents, such as stavudine,'® N-chlorotaurine,?® and the a5bl
integrin-receptor ligand GRGDSP peptide,” using almost the
same protocol. Thus, we selected the same five adenovirus
types in this study. Among adenovirus types, the inhibi-
tory activity (50% effective dose) of ganciclovir for those
types inducing keratoconjunctivitis — HAdV4, HAdV8, and
HAdV19 — was 8.1, 15.0 and 7.2 uM, respectively, in the
middle of the range of other types.'® This suggests the pos-
sible usefulness of ganciclovir against adenoviral disorders,
including keratoconjunctivitis. Our study was then carried
out to include more types to monitor the antiadenoviral effect
of ganciclovir, and its safety was also investigated. We used
EC,, in our study. EC* values in our study were similar to the
results reported by Colin.'®

Several nucleoside or nucleotide analogs are currently
being used clinically for adenovirus infection in immuno-
compromised hosts. Both ribavirin and cidofovir exhibit
inhibitory activity in vitro against HAdV.'*?! Several anti-
adenoviral agents are associated with significant side effects.
Nephrotoxicity is the major risk in patients receiving cido-
fovir, whereas extravascular hemolysis, anemia, and bone
marrow suppression are the most common dose-limiting toxic
side effects of ribavirin.***! Local toxicity of cidofovir in the
skin of the eyelids and conjunctiva is reported in patients
with adenoviral keratoconjunctivitis.*? Therefore, there is an
important need for selective antiadenoviral drugs with more
favorable safety profiles than those of the currently available
nucleoside and nucleotide analogs. A possible benefit of
ganciclovir has been suggested by Bruno et al, who found the
incidence of HAdV infections in stem cell-transplant recipi-
ents to be somewhat reduced in those receiving ganciclovir
for human cytomegalovirus prophylaxis.*

In several reports, the effectiveness of systemic adminis-
tration of ganciclovir has been reported.**¢ As for local use,

Table | Antiviral activity of ganciclovir against human adenovirus (HAdV) types 3, 4, 8, 193, and 37, and selectivity index

Ganciclovir

Number of AdV copies (log copies/mL; means + SEM)

concentration (jug/mL)

HAdJYV type 3 (HAdV3) HAdV4 HAdV8 HAdVI19a HAdV37
Control 11.33£0.07 11.00+0.22 9.58+0.14 11.77£0.04 11.51£0.09
2.5 11.20+0.02 10.88+0.02 9.52+0.02 I1.65+0.15 11.30+0.32
5 11.03£0.06* 10.68+0.09 9.13£0.76 I1.21£0.07* 10.90+0.10%
10 10.8310.06* 10.39+0.09* 8.58+0.77 10.98+0.06* 10.69+0.55%
20 10.360.16* 10.18+0.20* 8.35+0.94* 10.87+0.47* 10.32+0.67*
EC,, (ug/mL) 5.10 (19.9 uM) 4.82 (18.9 uM) 3.93 (154 uM) 2.94 (11.5 uM) 2.64 (10.3 uM)
Selectivity index 41.6 44.0 539 72.1 80.3

Note: *Statistically significant dose-dependent inhibitory effect compared with control (P<0.05).

Abbreviations: SEM, standard error of mean; EC,, 50% effective concentration.
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it was reported that ganciclovir ophthalmic gel 0.15% can

be effective not only for herpes simplex virus but also for

adenoviral keratoconjunctivitis'®3’; however, its antiadenovi-

ral activity in vivo was not described. Compared with other

antiviral agents, the EC, of zalcitabine and stavudine for
HAdV8 was 0.55 and 4.52 uM, respectively,'® and that of
ganciclovir was 15.4 UM in our present study. It seems that

this value is larger, meaning less specificity, than that of the

anti-human immunodeficiency virus agents; however,

the antiadenoviral effect of ganciclovir is in the acceptable

range for clinical use. Unfortunately, commercially available

ganciclovir ophthalmic gel 0.15% (Virgan) is not authorized

for use in Japan, as in the US, even for cytomegalovirus

keratitis. However, considering the notable and wide-ranging

inhibitory effect of ganciclovir against adenovirus from the

results of this study, local use of ganciclovir ophthalmic gel

for adenoviral keratoconjunctivitis is the most favorable

candidate for future treatment of this disease, which causes

considerable epidemics worldwide, including Southeast Asia.

Although we have not established a reliable animal model

with clinical symptoms of adenoviral keratoconjunctivitis,

further investigation by animal experiments and human clini-

cal trials is needed.
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