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Establishment of an Acanthamoeba 
keratitis mouse model confirmed 
by amoebic DNA amplification
Heekyoung Kang1,2,6,7, Hae‑Jin Sohn1,2,7, A‑Young Park1,2, A‑Jeong Ham1,2, 
Jeong‑Heon Lee1,2, Young‑Hwan Oh1,2, Yong‑Joon Chwae1,2, Kyongmin Kim1,2, Sun Park1,2, 
Hongseok Yang3, Suk‑Yul Jung4, Jong‑Hyun Kim5* & Ho‑Joon Shin1,2*

Acanthamoeba castellanii, the causative agent of Acanthamoeba keratitis (AK), occurs mainly in 
contact lens users with poor eye hygiene. The findings of many in vitro studies of AK, as well as the 
testing of therapeutic drugs, need validation in in vivo experiments. BALB/c mice were used in this 
study to establish in vivo AK model. A. castellanii cell suspensions (equal mixtures of trophozoites 
and cysts) were loaded onto 2‑mm contact lens pieces and inserted into mouse eyes that were 
scratched using an ophthalmic surgical blade under anesthesia and the eyelids of the mice were 
sutured. The AK signs were grossly observed and PCR was performed using P‑FLA primers to amplify 
the Acanthamoeba 18S‑rRNA gene from mouse ocular tissue. The experimental AK mouse model was 
characterized by typical hazy blurring and melting of the mouse cornea established on day 1 post‑
inoculation. AK was induced with at least 0.3 × 105 A. castellanii cells (optimal number, 5 × 104), and 
the infection persisted for two months. The PCR products amplified from the extracted mouse eye 
DNA confirmed the development of Acanthamoeba‑induced keratitis during the infection periods. In 
conclusion, the present AK mouse model may serve as an important in vivo model for the development 
of various therapeutic drugs against AK.

Acanthamoeba castellanii, pathogenic free-living amoebae, are found ubiquitously in a variety of habitats such 
as freshwater, air conditioner cooling towers, and domestic tap water. A. castellanii also exists as a contaminant 
on contact lenses and lens containers, thus causing Acanthamoeba keratitis (AK)1–3. Risk factors related to AK 
include the extended wearing of contact lenses, lack of personal hygiene, contact lens contamination, and expo-
sure to Acanthamoeba-contaminated water. Furthermore, non-contact lens users can be infected with AK due to 
corneal injury, eye surgery, and contaminated  water4–6. It is thought that the number of AK patients worldwide 
has increased over the past twenty years due to increased contact lens use and the infections in over 80% of the 
AK patients were closely related to contact lens  wear7–10.

In AK, the amoebae infiltrate the corneal stroma and epithelial cells, and this process is accompanied by the 
progressive infiltration of inflammatory cells. Acanthamoeba trophozoites adhere to mannose binding protein 
on the corneal surface or epithelium and penetrate bowman’s membrane and enter the collagenous stroma. The 
amoebae continue to produce protease that contribute to the dissolution of the corneal  stroma11. The signs of 
infection are a unilateral red eye; severe, unbearable pain; blurred vision; ring-shaped stromal infiltrates; and 
photophobia. These signs can be initially misdiagnosed as a herpes simplex virus infection or bacterial or fun-
gal keratitis. However, once the disease develops, it is difficult to treat and eventually progresses to a chronic 
infection. Chronic AK can threaten vision. Early diagnosis and laboratory tests for AK are important for early 
treatment and preventing irreversible corneal damage. If a diagnosis is delayed or the infection is not treated 
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quickly, the amoebae penetrate deeply into the corneal stroma and this can lead to corneal ulcers and the loss 
of  vision5,12,13.

With regard to the diagnosis of AK, the use of in vivo confocal microscopy has emerged as a valuable non-
invasive tool for the highly sensitive clinical diagnosis of severe infectious  keratitis14,15. However, the direct detec-
tion of amoebae in a corneal scraping specimen is the only reliable method for the diagnosis of AK. Infection 
confirmation involves the detection of amoebae by culturing Acanthamoeba cells from a corneal tissue biopsy 
sample, contact lenses, and their case. Immunofluorescence assays and several PCR-based methods are also 
well-established diagnostic  methods16.

Currently, there are no efficient methods or a single drug that can eliminate both acanthamoeba cysts and 
trophozoites. AK patients are often treated with disinfectants and antifungal agents, including propamidine 
isethionate, polyhexamethylene biguanide, neomycin, chlorhexidine, polymyxin B, miconazole, itraconazole, 
brolene, diamidine compounds, and chlorhexidine gluconate, although corneal opacity or scarring may some-
times occur after  treatment16. Recently, Hendiger et al.17 reported silver nanoparticles as a novel potential pre-
ventive agent against AK. Many efforts have been made to use silver nanoparticles to treat AK, but there are no 
effective agents for the treatment of AK. For this reason, a rapid diagnosis and treatment of AK are more effective 
in suppressing the severity of this disease.

To develop a method for the rapid diagnosis and effective treatment of AK, an AK in vivo model using an 
appropriate animal model must be established. Primarily, experimental animals, such as rabbits, rats, and ham-
sters, have been used for AK  studies18–22. In this study, we aimed to develop an AK-induced in vivo model using 
mice, which are smaller and more convenient than the experimental animals commonly used. We determined 
the optimal numbers of A. castellanii cells needed in eye inoculation for an AK-induced mouse model. Then, 
for the effective identification of A. castellanii in the AK-induced mouse, the Acanthamoeba 18S-rRNA gene 
was amplified from eye tissue samples by PCR. This AK mouse model may be useful for the development of 
preventive or therapeutic agents as well as in vivo molecular biologic, pathologic, and immunologic AK studies.

Materials and methods
Experimental animal. Eight-week-old female BALB/c mice (Orient, Seongnam, Korea) were maintained 
in the specific pathogen free (SPF) facility accredited by the Association for Assessment and Accreditation of 
Laboratory Animal Care (AAALAC). A total of 81-animals were employed. The study was carried out in compli-
ance with the Animal Research: Reporting of In Vivo Experiments (ARRIVE) guidelines. All the mouse experi-
ments were approved by the Institutional Animal Care and Use Committee of the Ajou University Medical 
Center (AUMC-IACUC-2016-0009, approval number AJ-IBC-2020–0002). And all methods were carried out in 
accordance with relevant guidelines and regulations.

Cultivation and encystation of A. castellanii. A. castellanii (AK/AJ1; clinical isolate from an AK patient 
at Ajou Medical Center) trophozoites were axenically cultured in 75-cm2 culture flasks using PYG medium at 
30 °C23. The formation of A. castellanii cysts was induced by cultivating the organism in encystment solution 
(95 mM NaCl, 5 mM KCl, 8 mM  MgSO4, 0.4 mM  CaCl2, 1 mM  NaHCO3, and 20 mM Tris–HCl; pH 9.0), accord-
ing to previous  reports24,25. First, A. castellanii trophozoites were harvested, washed twice with phosphate-buff-
ered saline (PBS, pH 7.4), and centrifuged. After the final step, the trophozoites were added to 75-cm2 culture 
flasks (concentration adjusted to 1 × 106 cells/ml) and treated with 10 ml of encystment solution for 72 h at 30 °C 
(Fig. 1). To confirm the formation of cysts, morphological changes were observed using an inverted microscope 
(Olympus, Shinjuku, Tokyo, Japan).

Inoculation of A. castellanii into the mouse eyes. To establish the AK mouse model, a mixture of A. 
castellanii trophozoites and cysts, or only A. castellanii trophozoites were inoculated into the mouse eyes. Briefly, 
the harvested A. castellanii trophozoites and cysts were mixed in equal amounts at a concentration of 5 × 105 
cells/ml. A total of 1 × 106 cells/ml were placed in a 1-ml tube, followed by centrifugation at 1500 rpm for 3 min. 
Commercial contact lenses (Proclear 1-day lens, Cooper Vision, Inc., NY, USA) were cut into 2-mm per slide 
using a punch and placed in a 24-well plate containing 10 μl of PBS (pH 7.4). The pellet from centrifugation was 

Figure 1.  Morphological changes of A. castellanii trophozoites into pre-cysts and cysts. A. castellanii 
trophozoites were cultured in encystation medium for 24, 48, and 72 h. The arrows indicate polygonal cysts. 
Scale bar, 20 µm.
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applied onto a 2-mm contact lens piece and incubated at 30 °C for 1 h (Fig. 1). Eight-week-old female BALB/c 
mice were anesthetized using Ketamine and Xylazine solution (5 mg/ml Ketamine combined with 1 mg/ml Xyla-
zine; 0.3 ml/20 g of body weight)24. After administering corneal anesthesia to the mice using 0.5% Proparacaine 
eye drops (Alcaine, Alcon, TX, USA), the eyeballs were scratched with a syringe needle and an ophthalmic blade. 
The A. castellanii-inoculated lens was placed onto the mouse eyelid, and the eyelid was sutured with 6/0 nylon 
sutures (Woorimedical, Namyangju, Korea) for complete contact of A. castellanii with the eyes (Fig. 2). Sham-
infection was carried out by placing only a clear, uninoculated lens onto the mouse eyes and the subsequent 
procedures were performed as mentioned above.

Observation of experimental mouse keratitis signs. To observe the development of keratitis, the 
mouse eyelid sutures were sequentially removed at intervals from day 1 to day 3 or day 1 to day 7. The experi-
ments to determine the optimal number of Acanthamoeba cells for the development of AK in mice were per-
formed from day 1 to day 3, and the experiments to establish the AK mouse model were performed from day 1 
to day 7. The eyeballs were observed with the naked eye for signs such as white ring corneal infections, circular 
edema with increased central corneal thickness, and possible keratitis.

Confirmation of A. castellanii‑induced keratitis in mice by PCR. To extract ocular DNA from the 
keratitis-induced mice, the mouse eyeballs were removed under anesthesia/euthanasia methods during each 
observation period. The eyeball tissue was chopped with a pair of surgical scissors in 100 μl of PBS (pH 7.4) in 
a 1-ml tube. Tissue lysis buffer and proteinase K were added to the eyeball tissue-containing tubes, according to 
the instructions of DNA Extraction Kit (cat. No. 51304, Qiagen, France). After lysis at 56 °C, DNA extraction 
was performed.

To amplify the A. castellanii 18S-rRNA gene from the eyeballs of the keratitis-induced mice, PCR was per-
formed using specific P-FLA primers: forward 5′-CGC GGT AAT TCC AGC TCC AAT AGC -3′ and reverse 5′-CAG 
GTT AAG GTC TCG TTC GTTA AC-3′, as described  previously26,27. A total of 2 ng of genomic DNA was used as 
a template and 10 μl of Noblezyme PCR Plus Premix 2× (Noble Bioscience Inc., Suwon, Korea) was added to the 
PCR tubes. The PCR conditions using the P-FLA primers were as follows: 95 °C for 5 min, 40 cycles of 94 °C for 
1 min, 60 °C for 1 min, 72 °C for 3.5 min, and a final extension step at 72 °C for 10 min. The PCR products were 
electrophoresed on 1% agarose gel and the image was analyzed using the Gel Doc system (Bio-Rad, CA, USA). 
Subsequently, 18S-rDNA sequencing was performed to confirm whether the amplified PCR products matched 
published Acanthamoeba 18S-rDNA sequences by comparison to the sequences for Acanthamoeba 18-rDNA in 
the GenBank (no. KT185626.1) database.

Determination of the optimal number of A. castellanii cells for the development of mouse 
keratitis. To determine the optimal number of A. castellanii cells required for the development of AK in 
mice, suspensions containing A. castellanii trophozoites and cysts (mixed in equal number) were serially diluted 
to yield the following concentrations: 5 × 105, 2.5 × 105, 1.25 × 105, 0.625 × 105, 0.3125 × 105, and 0.1 × 105 cells/
ml. The subsequent procedures were the same as those described for the development of the experimental AK 
mouse model.

Figure 2.  Procedures for the development of the experimental AK model mouse. 1. The mice were 
anesthetized. 2. The eyeballs of the mice were scratched. 3. A. castellanii trophozoites and cysts were cultivated 
on the contact lenses and inoculated into the mouse eyes. 4. The eyelids of the mice were sutured. The other 
eye of each mouse was used for sham-infection (control). The figure was prepared by H-J Sohn using Adobe 
photoshop (version 7.0.1, https ://www.adobe .com/).

https://www.adobe.com/
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Results
Morphological confirmation of A. castellanii cyst formation. To induce cyst formation in A. castel-
lanii cells, the trophozoites were cultured for 24, 48, and 72 h and observed using an inverted microscope. After 
24 h inducing cyst formation, half of the amoebae transformed into round-shaped pre-cysts with a single cell 
wall. Most of the amoebae were found to pre-cysts form after 48 h induction. After 72 h of cyst induction, various 
forms of polygonal double-walled cysts were observed (Fig. 1).

Occurrence of AK in mouse eyes. To preferentially induce AK, 2-mm lenses inoculated with 1 × 106 
A. castellanii cells (trophozoites and cysts mixed in equal number) were inserted into the mouse eyes (Fig. 2). 
According to previous study of Ren and  Wu22, keratitis signs were observed in the mouse eyes between days 1 
and 3. On the first day of AK induction, small, white, round edema was observed in the mouse eyes and typi-
cal round edema was observed on days 2 and 3. In contrast, following sham-infection, no AK signs were seen 
(Fig. 3).

A. castellanii DNA identification from the ocular tissues of AK mice. To identify the cause of AK 
development in mice, the genomic DNA samples from mouse eye tissues were subjected to PCR analysis using 
P-FLA primers for the amplification of the A. castellanii 18S-rRNA gene. Amplification of the DNA samples 
obtained from the infected mouse eyeballs on days 1, 2, and 3 yielded amplicons 1080 bp in size, the same size as 
that obtained from an A. castellanii positive control. In contrast, the same size amplicon was not obtained from 
normal or sham-infection mouse DNA (Fig. 4A). The PCR products amplified with the P-FLA primers were sub-
jected to DNA sequence analysis and a gene homology search. A comparison of the results with the 18S-rDNA 
of A. castellanii showed that the amplified products obtained from the DNA extracted on days 1, 2, and 3 were 
97, 96, and 97% homologous, respectively (Fig. 4B).

Optimal number of A. castellanii cells required for keratitis development in mice. To deter-
mine the optimal number of A. castellanii cells for the development of AK in mice, serially diluted A. castellanii 
cell suspensions (mixtures of equal amounts of trophozoites and cysts) were inoculated into the mouse eyes. 
When 5, 2.5, 1.25, and 0.625 × 105 A. castellanii cells were used for inoculation, keratitis signs were observed 
in the eyes of all mice between days 1 and 3. On the first day of AK induction, weak infections, characterized 
by cloudy eyeballs, were observed in the eyes of all mice, along with progressive corneal infections on days 2 
and 3. In contrast, the sham-infection mice did not show any apparent keratitis signs (Fig. 5). The results of the 
PCR 18S-rDNA amplification revealed that the DNA samples from keratitis-induced mouse eyeballs obtained 
on days 1, 2, and 3 yielded 1,080-bp amplicons, the same size amplicon as that obtained when A. castellanii was 
used as a positive control (Fig. 5).

When 0.3125 × 105 (Fig. 5E) or 0.1 × 105 (Fig. 5F) A. castellanii cells were inoculated, no apparent keratitis 
induction was observed in the mouse eyes on day 1. Subsequently, white circular ulcers with increased central 
corneal infections of the mouse eyes were observed on days 2 and 3 (Fig. 5E, F). In contrast, the sham-infection 
eyes did not show any signs (Fig. 5E, F). The 18S-rDNA identification revealed that the DNA samples obtained 
on day 1 and day 3 from mouse eyeballs inoculated with 0.3125 × 105 and 0.1 × 105 A. castellanii cells did not 
yield 1080-bp amplicons corresponding to the 18S-rRNA gene (Fig. 5K, L). As shown Fig. 5K and L, the mouse 
inoculated with 0.3125 × 105 and 0.1 × 105 A. castellanii cells did not induced AK. In the result, we decided the 
optimal number of 0.5 × 105 A. castellanii between 0.3125 × 105 and 0.625 × 105 to induce AK in mice.

AK development following the treatment of mouse eyes with A. castellanii trophozoites 
alone. To determine whether amebic trophozoites alone could induce AK development in mice to the same 
extent as treatment with the trophozoite and cyst mixtures, 0.5 × 105 A. castellanii trophozoites were inoculated 

Figure 3.  Induction and observation of AK in the experimental mouse model. To induce keratitis, 1 × 106 A. 
castellanii cells (trophozoites and cysts mixed in equal numbers) were cultivated on the lenses and inoculated 
into the mouse eyes. The AK signs were observed from day 1 to day 3. Normal, untreated healthy mouse; Sham, 
sham-infection groups; Exp, experiment groups.
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into the mouse eyes, as in the previous method. Keratitis signs were observed in the eyes of all mice between 
days 1 and 7. On the first day of AK induction, weak infections with cloudy eyeballs were observed in the eyes 
of all mice, along with progressive corneal infections (Fig. 6). The results of 18S-rDNA amplification by PCR 
revealed that the DNA samples of keratitis-induced mouse eyeballs obtained between days 1 and 7 yielded 1080-
bp amplicons, the same as that observed when A. castellanii was used as a positive control (Fig. 6).

Establishment of an AK mouse model. The optimal number of A. castellanii cells that could cause 
keratitis in mouse eyes was found to be 0.5 × 105. Finally, 0.5 × 105 cells were loaded onto 2-mm lens pieces and 
inoculated into mouse eyes, and keratitis signs were observed from day 1 to 7 post-inoculation (Fig. 7). On day 
1, white ring corneal infections and circular edema were observed in the mouse eyes. This progressed to corneal 
infections on day 2 until day 7. In contrast, the sham-infection mice did not show keratitis signs (Fig. 7A). To 
confirm the cause of AK development in mice, PCR products from mouse eyeball DNA samples extracted on 
days 1–7 post-inoculation were obtained. The samples yielded 1,080-bp amplicons corresponding to the A. cas-
tellanii 18S-rRNA gene, which was the same as that obtained when A. castellanii was used as a positive control 
(Fig. 7B). The amplified DNA bands obtained from DNA samples extracted on days 1, 2, 3, 5, and 7 showed 
91–97% homology with the 18S-rDNA of A. castellanii (Fig. 8).

Discussion
The ubiquitous, free-living amoebae A. castellanii and A. polyphaga can cause AK in animals and humans and 
85 – 88% of the patients with AK use contact lenses. Acanthamoeba spp. have been isolated from the contact 
lens cases of AK patients, and it is widely believed that contact lenses serve as vectors for transmitting infectious 
Acanthamoeba trophozoites to the eye. Acanthamoeba spp. can attach themselves to the soft surfaces of contact 

Figure 4.  Identification of A. castellanii 18S-rDNA from AK mouse eye tissues. When the AK sings appeared, 
genomic DNA was extracted from ocular tissues on days 1, 2, and 3. (A) PCR was performed using P-FLA 
primers for the amplification of the A. castellanii 18S-rRNA gene. PCR products (amplicon with a size of 
1,080 bp marked in red box) obtained on days 1, 2, and 3 post-inoculation were sequenced. A. cast, genomic 
DNA of A. castellanii trophozoites (1 × 106) used as a positive control; Normal, DNA extracted from normal 
mouse eye tissues used as a negative control; Sham, DNA extracted from tissues of sham-infection mice on days 
1, 2, and 3 used as a negative control; M, size marker. (B) Their homology to the 18S-rDNA of A. castellanii was 
confirmed by an NCBI BLAST search. Bands of about 800 bp in size were identified as mouse DNA by DNA 
sequencing.
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Figure 5.  Observation of AK development in mice inoculated with serially diluted A. castellanii suspensions. 
(A-F) A. castellanii cell suspensions (equal mixtures of trophozoites and cysts) were serially diluted to 
concentrations of 5, 2.5, 1.25, 0.625, 0.3125, and 0.1 × 105 cells and inoculated into the mouse eyes. AK signs 
were observed from day 1 to 3 (Normal: untreated healthy mouse, Sham: sham-infection group). Regardless of 
the occurrence of keratitis signs, genomic DNA was extracted from all mouse tissues on days 1, 2, and 3. (G-L) 
The genomic DNA samples obtained from the mouse eye tissues were subjected to PCR using P-FLA primers to 
amplify the A. castellanii 18S-rRNA gene (right for figures). A. cast, genomic DNA of A. castellanii trophozoites 
(1 × 106), used as a positive control; Normal, DNA extracted from normal mouse eye tissue, used as a negative 
control; Sham, DNA extracted from sham-infection mouse tissue, used as a negative control. M, size marker.

Figure 6.  Observation of AK induced by A. castellanii trophozoites alone in the experimental mouse model. 
A. castellanii trophozoites (0.5 × 105) were added onto lenses, which were then inoculated into the mouse eyes. 
The AK signs were observed from day 1 to 7. PCR using P-FLA primers for the amplification of the A. castellanii 
18S-rRNA gene was performed. A. cast, genomic DNA of A. castellanii trophozoites (1 × 106) used as a positive 
control; Sham, sham-infection; Normal, untreated healthy mouse eye; M, size marker.
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lenses and the cornea, progressing the infection. The signs of AK include photophobia, ring-like stromal infil-
trates, ulcerations, retinal lesions, epithelial defects, lid edema, and severe  pain1,14,28,29.

Since AK is mostly chronic, early diagnosis and treatment of the disease are important. Sometimes, AK is 
misdiagnosed as a fungal or herpes simplex infection, which only coinfects with 10–23% of the Acanthamoeba 
 infections30,31. Furthermore, preventing AK infection is important. This can be done by keeping contact lens 
cases clean and not wearing lenses while swimming or showering. In addition, exposure to contaminated water 
and injury to the cornea should be  avoided32.

Although there has been some progress in the research regarding the infection mechanism of AK in vitro, 
in vivo studies using animal models, such as rabbits and rats, have rarely been performed. Ren and  Wu22 evaluated 
clinically, histologically and statistically rat and mouse models of AK in three different ways. They reported that 
the intrastromal injection of Acanthamoeba was the most effective way to establish the rat or mice models of AK. 
In our study, the mouse was infected by inserting a lens cultured with Acanthamoeba trophozoites and cysts and 
we confirmed complete infection signs after 3 days. The Acanthamoeba 18S-rRNA gene was amplified from eye 
tissue samples using PCR for the effective identification of A. castellanii. In addition, in previous mouse stud-
ies, AK was induced by the direct intrastromal injection of amoebae into mouse corneas using a  microneedle33. 
However, this procedure is complicated because the amoebae need to be injected precisely into the intrastromal 
cornea, a procedure for which ophthalmologists are required. Moreover, this method of inducing keratitis is 
artificial. Therefore, in this study, we attempted to construct an animal model of AK that could be produced easily 
and quickly. Previously, Ge et al.34 performed similar study to our AK model. However, the infection method is 
different, using only Acanthamoeba trophozoites on filter paper, not contact lenses. The signs gradually weak-
ened after showing the most severe signs on the 5th day. In our model, the signs gradually progressed to chronic 
after the infection. Therefore, it is expected that our model will be more useful in the chronic symptomatic AK 
mouse model. In addition, some experiments require a large number of animals for statistical significance. In this 
model, AK can be induced in mice using contact lenses in a manner that is relatively similar to natural infections.

Other previous studies have used pigs, rabbits, and rats as animal models for  AK20,35,36. As a preliminary 
experiment in our study, the AK experiments were first performed using rats. However, the rats were difficult 
to handle, only a limited number of animals were available, and their corneas were too thick for AK induction 
(data not shown). Therefore, this experiment was conducted with mice, which are widely used, cheap, easy to 
handle, and can be used in large numbers in experiments.

Figure 7.  Observation of AK and 18S-rDNA amplification in mice inoculated with 5 × 104 A. castellanii cells. 
A total of 0.5 × 105 A. castellanii cells (a mixture of equal amounts of trophozoites and cysts) were loaded onto 
contact lenses, which were inoculated into the mouse eyes. The AK signs were observed from day 1 to 7. To 
confirm the causative agent of AK, genomic DNA extracted from the ocular tissues on days 1, 2, 3, 4, 5, 6, and 7 
were subjected to PCR using P-FLA primers to amplify the A. castellanii 18S-rRNA gene. All experiments were 
performed triplicate (I, II and III). A. cast, genomic DNA of A. castellanii trophozoites (1 × 106) used as a positive 
control; Normal, untreated healthy mouse eye; Sham, sham-infection; M, size marker.
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In this study, we mainly constructed an AK mouse model by mixing the trophozoite and cyst forms of A. cas-
tellanii because, in natural AK infections, both these forms of A. castellanii have been detected in contact lenses. 
Of course, we also induced AK by inoculating mouse eyes with trophozoites alone. In contrast, keratitis signs 
in mouse eyes inoculated with A. castellanii lysate or excretory-secretory protein (ESP) (concentration of each, 
10 mg/ml) prepared according to previous reports did not develop in any mice between days 1 and 7 (Figure S1)37.

The eyes of the mice were scratched with a syringe needle and ophthalmic blade because it is difficult to infect 
the cornea without any damage. A previous study showed that the incidence of AK was affected by corneal dam-
age before  infection38. After scratching the mouse eyeballs, contact lenses containing A. castellanii were placed 
onto the eyes of the mice. Next, the eyelids were sutured. This is because it is difficult to naturally attach contact 
lenses to the mouse eyeballs because they are rounder than human eyeballs, and it was necessary to ensure the 
complete attachment of the lenses to the cornea. To detect the incidence of AK signs, the eyelid sutures were 
sequentially removed on the days of observation.

To determine the minimum number of Acanthamoeba cells necessary to induce AK in mice, a mixture con-
taining equal amounts of A. castellanii trophozoites and cysts was serially diluted from 1 × 106 to 0.1 × 105 cells. 
Infection was induced in mice inoculated with a minimum of 0.3 × 105 or 0.1 × 105 cells. However, this was not 
the same as the gross observation results of the mouse eyes and the PCR analysis of ocular DNA samples from 
repeated experiments. Therefore, 0.5 × 105 was determined to be the most stable number of A. castellanii cells 
required for AK induction. After AK induction, signs were observed for up to two months and were confirmed 
to persist and worsen (data not shown). The AK induction experiments were performed at least thrice. Therefore, 
it was determined that 0.5 × 105 A. castellanii cells can be used to establish an AK mouse model.

The diagnosis of AK is mainly based on in vitro testing, in which lenses and lens solution in the lens cases of 
patients with AK are cultured or corneal biopsies are performed. In addition, PCR can also be used to confirm 
the amplification of Acanthamoeba  DNA33,39. In this study, when eye tissues and contact lenses from the mice 
with AK were cultured on PYG medium and non-nutrient agar plates, the presence of A. castellanii was not 
consistent because of rapid fungal growth, even after treatment with anti-fungal agents (data not shown). Next, 
the eyes of mice that developed keratitis were stained with hematoxylin–eosin (HE) to confirm the presence of 
amoebae between and underneath the cornea. However, A. castellanii was not observed on the mouse eyeballs. 
It was impossible to observe the amoebae under these conditions because the corneas of the mice with AK are 
too thin, and it would be difficult to obtain a tissue specimen. To establish our study as keratitis model, it is 
necessary to perform histopathological or immunohistochemical study of infected eyeballs and to isolate Acan-
thamoeba trophozoites. In further study, it will be required the production of specific monoclonal antibodies 
for the immunohistochemistry.

To address these problems, genomic DNA was extracted from the eye tissues of mice with AK, and PCR was 
performed with P-FLA primers that amplified the 18S rRNA Acanthamoeba gene. The PCR analysis of DNA from 

Figure 8.  The nucleotide sequence and homology analysis of 18S-rDNA obtained from the eyes of keratitis-
induced mice. DNA samples extracted on days 1 to 7 post-inoculation were sequenced. After DNA alignment 
was performed and homology was analyzed using an NCBI BLAST search.
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the ocular tissues of mice with AK produced an amplicon of the same size (1080 bp) as that of Acanthamoeba 
18S-rDNA, and sequence analysis of the obtained PCR products revealed that AK was indeed induced by A. 
castellanii. The bands that were shorter than 800 bp were identified as the 18S rRNA mouse gene (Mus musculus).

The number of reported cases of AK is increasing worldwide every year because many people use contact 
lenses for various reasons such as vision correction or cosmetic purposes. There have been many attempts to 
treat AK using various therapeutic agents, but the best way to overcome the disease is a quick and easy way to 
construct an AK mouse model for in vivo experiments. Finally, the present AK mouse model will be an important 
platform for in vivo testing in investigations into the molecular biology, pathology, and immunology of AK, and 
assist in the development of new pharmacological agents for the treatment and prevention of AK.

Conclusion
In this study, the establishment of an AK mouse model was attempted. A. castellanii cell suspensions were loaded 
onto 2-mm contact lens pieces for insertion into mouse eyes that were scratched using an ophthalmic surgical 
blade under anesthesia and the eyelids of the mice were sutured. The experimental AK mouse model, character-
ized by typical hazy blurring and melting of the mouse corneas, was established on day 1 post-inoculation. PCR 
products amplified from the extracted mouse eye DNA confirmed the development of Acanthamoeba-induced 
keratitis. The optimal number of Acanthamoeba to induce AK in mice is 0.5 × 105 cells. The PCR products ampli-
fied from the extracted mouse eye DNA confirmed the development of Acanthamoeba-induced keratitis during 
the infection periods. In conclusion, the present AK mouse model may serve as an important in vivo model for 
the development of various therapeutic drugs against AK.
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