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INTRODUCTION

Free-living Acanthamoeba spp. are distributed worldwide, es-
pecially in soil, fresh water, water tank of cooling tower, and 
contact lens container [1]. Acanthamoeba castellanii can cause 
clonic granulomatous amoebic encephalitis (GAE) while A. 
castellanii and A. polyphaga can induce acanthamoebic keratitis 
(AK) [2-5]. A. castellanii generally causes AK through oxygen 
deficiency, weak stratum basal tears, and excessive corneal 
stimulation in contact lens wear. When A. castellanii is inocu-
lated into eye via contact lens, it can infect corneal epithelial 
cell and induce inflammation (keratitis) [6].

The first case of AK was reported in 1973. Since then, about 
5,000 cases of AK have been recorded in USA [7]. In South Ko-
rea, about 43 cases of AK were reported in 2008. In 154 cases 
of Austrian AK, 89% persons were contact lens wearers and 

19% had corneal transplantation [8]. Some commercial con-
tact lens container solution has less effective amoebicidal ac-
tivity, because cell wall of acanthamoebic cyst has resistance to 
disinfection solution commonly used in the house [9,10].  
Due to increasing demand for contact lens, the problem of AK 
is becoming a social issue while contentable prevention or 
treatment drugs have not been developed yet [11,12].

Acanthamoeba sp. can mainly proliferate on contact lens sur-
face after contact lens storage solution is contaminated, result-
ing in eye infection [6]. Although wearing contact lens is a ma-
jor cause of AK, most cases of AK in experimental animals are 
induced by the presence of corneal damage before the expo-
sure of pruritic amoeba [13,14]. Nevertheless, intraocular in-
fections do not easily occur in animal experiments due to 
strong neutrophil reaction and increased resistance to nutri-
tional and delayed infections, although A. castellanii trophozo-
ites can penetrate corneal endothelium [12].

On the other hand, it has been reported that AK is easily in-
duced by caustic amoebic cysts because of their strong resis-
tance to disinfectant chemicals, the expression of cysteine pro-
teinase, and so on [9,10]. However, the development mecha-
nism of AK differs depending on the infection type of amoeba 
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Abstract: Acanthamoeba castellanii has ubiquitous distribution and causes primary acanthamoebic keratitis (AK). AK is a 
common disease in contact lens wearers and results in permanent visual impairment or blindness. In this study, we ob-
served the cytopathic effect, in vitro cytotoxicity, and secretion pattern of cytokines in human corneal epithelial cells 
(HCECs) induced by A. castellanii trophozoites and/or cysts. Morphological observation revealed that panked dendritic 
HCECs co-cultured with amoeba cysts had changed into round shape and gradually died. Such changes were more se-
vere in co-culture with cyst than those of co-cultivation with trophozoites. In vitro cytotoxicity assay revealed the highest 
cytotoxicity to HCECs in the co-culture system with amoeba cysts. A. castellanii induced the expression of IL-1α, IL-6, IL-
8, and CXCL1 in HCECs. Secreted levels of IL-1α, IL-6, and IL-8 in HCECs co-cultured with both trophozoites and cysts 
were increased at an early incubation time (3 and 6 hr). These results suggested that cytopathic changes and pro-inflam-
matory cytokines release of HCECs in response to A. castellanii, especially amoebic cysts, are an important mechanism 
for AK development.  
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in trophozoic or cystic form because there are not enough 
studies on AK development. In this study, we investigated the 
in vitro cytotoxicity of A. castellanii trophozoites or cysts to tar-
get corneal cells and cytokine secretion in target cells by cultur-
ing in order to elucidate the mechanism of AK development.

It is possible to hypothesize that there is a difference in the 
development mechanism of AK according to infectious type of 
amoeba, trophozoite or cyst. Therefore, immunological stud-
ies on cytopathological and inflammatory reaction of host 
cells co-cultured with amoeba trophozoites or cysts are neces-
sary. In this study, we investigated morphologic cytopathic ef-
fects and in vitro cytotoxicity by culturing A. castellannii tro-
phozoites or cysts with corneal epithelial cells as target cells. 
Secretion patterns of pro-inflammatory cytokines were then 
observed. 

MATERIALS AND METHODS

Culture and encystation of A. castellanii 
A. castellanii trophozoites were axenically cultured with PYG 

medium (2% proteose peptone, 0.2% yeast extract, 0.1 M glu-
cose, 4 mM MgSO47H2O, 0.4 mM CaCl2, 3.4 mM sodium ci-
trate 2H2O, 50 µM Fe(NH4)2(SO4)6H2O, 2.5 mM KH2PO4, 2.5 
mM Na2HPO4, pH 6.5) at 25˚C [15]. Cyst formation was done 
according to previous method [16]. Briefly, A. castellanii tro-
phozoites were washed with PBS (pH 7.4) twice, centrifuged 
at 1,500 rpm for 5 min, and placed into 12-well plates (5×105 
cells/ml) with encystment medium (95 mM NaCl, 5 mM KCl, 
8 mM MgSO4, 0.4 mM CaCl2, 1 mM NaHCO3, 20 mM Tris-
HCl, pH 9.0). After induction of cyst formation, all remaining 
trophozoites were removed by treatment with 0.05% N-lauro-
ylsarcosine sodium salt solution (Sarcosyl; Sigma Chemical 
Co., St Louis, Missouri, USA) at room temperature for 20 min 
[17,18].

Cultivation of human corneal epithelial cells
Human corneal epithelial cells (HCECs) were cultured with 

keratinocyte basal medium (KBM; Lonza, Walkersville, Mary-
land, USA) at 37˚C in a 5% CO2 incubator. HCECs were cul-
tured in 75-cm2 flasks (Nunc, Naperville, Illinois, USA) until 
they became monolayer. Then 5 ml of trypsin-EDTA (1X) so-
lution was added. Cells were harvested, washed with PBS (pH 
7.4) 3 times, and placed into 6-well plates at density of 5×105 
cells/ml. After incubation at 37˚C for 3 hr, monolayer-cultured 
HCECs were used for experiments.

Cytopathic changes of HCECs co-cultured with  
A. castellanii

HCECs cultured in 6-well plates (5×105 cells/ml) were co-
cultured with A. castellanii trophozoites only (5×105 cells/ml), 
cysts only (5×105 cells/ml), or both trophozoites and cysts 
(each 2.5×105 cells/ml) at 37˚C in a 5% CO2 incubator for 3, 6, 
9, 12, and 24 hr. After culturing, to observe cytopathic effects 
in target cells cultured with trophozoites or cysts of amoeba, 
numerical and morphological changes were determined by 
phase contrast microscopy (Olympus, Shinjuku, Tokyo, Ja-
pan). To determine in vitro cytotoxicity of amoeba against tar-
get cells, the amount of lactate dehydrogenase (LDH) released 
from cultured HCECs was measured using Cytotox 96 non-ra-
dioactive cytotoxicity assay (Promega, Madison, Wisconsin, 
USA) as described previously [19]. 

Cytokines expression from HCECs co-cultured with  
A. castellanii

To determine expression levels of cytokine genes from target 
cells in the above culture system, RT-PCR was carried out for 
interleukin 1 alpha (IL-1α), interleukin 6 (IL-6), and interleu-
kin 8 (IL-8) genes. Briefly, total RNA was isolated from cul-
tured HCECs with RNeasy mini kit (QIAGEN, Valencia, Cali-
fornia, USA). The cDNA was subjected to RT-PCR with gene-
specific primers (Table 1) targeting human IL-1α, IL-6, IL-8 us-
ing a Quantstudio 3 real-time RT-PCR instrument (Thermo 
Fisher Scientific, Singapore). PCR condition was as follows: 40 
cycles of denaturing at 95˚C for 5 sec, annealing at 60˚C for 34 
sec, and extension at 72˚C for 30 sec.

Levels of cytokines released from HCECs co-cultured 
with A. castellanii

To determine levels of cytokines (IL-1α, IL-6, and IL-8) se-
creted from target cell, LISA kits (R&D Systems, Minneapolis, 
Minnesota, USA) were used following the manufacturer’s in-
structions. Briefly, each 100 µl of supernatant from HCECS co-
cultured with amoebic trophozoites or cysts was placed into a 
96-well polystyrene microplate containing 100 µl of assay di-

Table 1. Primers used for real time RT-PCR  

Gene Forward primer (5′ to 3′) Reverse primer (5′ to 3′)

Actin TGGCACCCAGCACAATGAA CTAAGTCATAGTCCGCCTAG
IL-1α GAATGACGCCCTCAATCAAAGT TCATCTTGGGCAGTCACATACA
IL-6 AAGCCAGAGCTGTGCAGATG TGTCCTGCAGCCACTGGTTC
IL-8 GCAGTTTTGCCAAGGAGTGTC TTTCTGTGTTGGCGCAGTGTG
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luent RD1W and reacted at room temperature for 2 hr. After 
washing with wash buffer four times, 200 µl of human IL-6 
conjugate was added to the well on and reacted at room tem-
perature for 24 hr. After washing, 50 µl of substrate solution 
was added and the reaction absorbance was measured at wave-
length of 450 nm on an ELISA reader. 

Statistical analysis
This experiment was repeated three times or more. Difference 

between experimental and control groups was analyzed using 
Student’s t-test. Statistical significance was accepted at P<0.05.

RESULTS

Encystation of A. castellanii 
Results of cyst formation of A. castellanii trophozoites cul-

tured in encystment media revealed round precysts consisting 
of a single cell wall were at 24 hr. From 48 hr after induction 
of cyst formation, complete cysts with double-walled polygons 
were formed. After inducing cyst formation for 72 hr, com-
plete cysts of polygonal double wall were observed (Fig. 1). 
They were used for subsequent experiments. 

Cytopathic changes of HCECs induced by A. castellanii
Results of cytopathic changes of HCECs co-cultured with A. 

castellanii trophozoites and/or cysts revealed that the number 
of HCECs was decreased over time in all experimental groups 
(cultured with trophozoites only, cysts only, or both trophozo-
ites and cysts) compared to that of control panked dendritic 
HCECs. In addition, round or dissolving cell wall shapes were 
observed in all experimental groups (Fig. 2). Particularly, after 
6 hr of culture with amoebic trophozoites, A. castellanii tro-

Fig. 1. Morphologic change of A. castellanii trophozoites into pre- and mature cysts by induction with encystment medium. Arrows indi-
cate double-walled mature cysts. Scale bar=20 µm.
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Fig. 2. Cytopathic changes of HCECs co-cultured with A. castellanii. T, trophozoite only; T/C, trophozoite and cyst; C, cyst only. Scale 
bar=20 µm.
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phozoites were attached to HCECs for phagocytosis. After 12 
and 24 hr of culture, more attachments were observed. Addi-
tionally, the number of target cells was decreased significantly 
after 24 hr of incubation (Fig. 2). For HCECs cultured with 
amoeba cysts, they transformed into long and rounded form 
after 12 hr of culture. After 24 hr of culture, HCECs were not 
adhered to the bottom of the plate any more, which were 
floating and dissolved or dead (Fig. 2). 

In vitro cytotoxicity of A. castellanii to HCECs
Results of in vitro cytotoxicity of A. castellanii to HCECs based 

on LDH release assay revealed that amounts of LDH released 
from HCECs were increased over time in all experimental groups 
in comparison with those in control HCECs (Fig. 3). When tro-
phozoites were cultured with HCECs, in vitro cytotoxicities of A. 
castellanii to HCECs after 3, 6, 9, 12, and 24 hr of incubation 
were 2.2, 6.7, 22.6, 28.2, and 67.6% respectively (Fig. 3). When 
both trophozoites and cysts were cultured with HECECs, in vitro 
cytotoxicities of A. castellanii to HCECs were 3.0, 9.0, 28.0, 34.2, 
and 74.0% after 3, 6, 9, 12, and 24 hr of incubation, respectively 
(Fig. 3). When cysts only were cultured with HCECs, in vitro cy-
totoxicities of A. castellanii to HCECs were 3.6, 11.3, 33.0, 42.6, 

and 86.8% after 3, 6, 9, 12, and 24 hr of incubation, respectively 
(Fig. 3). When only cysts were cultured with HCECs, the amoe-
bic in vitro cytotoxicity was the highest.

mRNA expression levels of cytokines in HCECs induced 
by A. castellanii

To determine what kind of cytokines were secreted in corne-
al epithelial cells, lysates of HCECs co-cultured with A. castella-

nii trophozoites or cysts were subjected to real time RT-PCR for 

Fig. 4. Expression of cytokines in HCECs co-cultured with A. castellanii trophozoites or cysts. *P<0.005.
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detection of IL-1α, IL-6, IL-8, and CXCL1 genes. Results 
showed that mRNA levels of IL-1α, IL-6, IL-8, and CXCL1 in 
HCECs cultured with trophozoites were significantly increased 
after 3 hr, reaching the highest level after 6 hr. They were then 
decreased over time (Fig. 4). When HCECs were co-cultured 
with only ameba cysts, mRNA levels of IL-6, IL-8, and CXCL1 
were significantly increased after 3 hr, reaching the highest ex-
pression levels after 6 hr of incubation (Fig. 4).

Cytokines secreted from HCECs induced by A. castellanii
Since IL-6 and IL-8 mRNA expression levels in HCECs co-

cultured with A. castellanii were increased, ELISA was per-
formed to observe secretion levels of cytokines IL-6 and IL-8 
induced by and A. castellanii. When HCECs were cultured with 
amoeba trophozoites, amounts of IL-6 secreted into cultured 
medium after 1, 3, 6, 12, and 24 hr of incubation were 91.25, 
893.58, 1042.58, 620.25, and 133.25 pg/ml, respectively. 
Amounts of secretion started to increase at 3 hr after culture, 
reaching the highest level at 6 hr after culture. They were then 
gradually decreased (Fig. 5A). Amounts of IL-6 secreted from 
HCECs cultured with amoeba cysts after 1, 3, 6, 12, and 24 hr 
were 80.25, 457.25, 484.92, 438.58, and 403.25 pg/ml, re-
spectively. IL-6 was highly secreted at 3 hr after incubation. It 
was secreted the most at 6 hr after incubation followed by 
gradual decrease (Fig. 5A). Amounts of IL-8 secreted to the cul-
ture medium from HCECs co-cultured with only amoeba tro-
phozoites were 6.3, 25.97, 218.97, 292.97, and 380.97 pg/ml 
after 1, 3, 6, 12, and 24 hr of incubation, showing a continu-
ous increasing trend with increasing incubation time (Fig. 5B). 
When HCECs were cultured with amoeba cysts, amounts of 
IL-8 secreted into the culture medium were 16.3, 23.3, 128.97, 
160.3, and 303.63 pg/ml after 1, 3, 6, 12, and 24 hr of incuba-

tion, respectively, as showing an increasing trend with incuba-
tion time (Fig. 5B).

DISCUSSION

The incidence of AK is increasing with increasing number of 
contact lens wearers. Its initial diagnosis is difficult, and a vari-
ety of pathophysiological studies are needed to develop a con-
tact storage solution effective to kill amoeba. In addition, defi-
nite therapeutic agents for AK are limited [20-23].

In the results of cytopathic effect and cytotoxicity of A. castel-
lanii trophozoites on HCECs, the number of target cells was 
decreased with increasing incubation time. Such decrease in 
the total number of target cells is mainly due to amoebic 
phagocytosis. In the case of cystic type treatment, HCECs 
changed into a round and elongated shape over time with 
many dead cells, thereafter, showing a slightly different phe-
nomenon from the case of trophozoites treatment.

The cytotoxicity of amoeba cysts to HCECs was higher than 
that of amoeba trophozoites. Their cytotoxicities were the stron-
gest at 24 hr after incubation (trophozoites, 67.6%; cysts, 
86.8%). Cytopathic changes and death of target cells are proba-
bly due to cytolytic factors such as serine protease, metallopro-
tein protease, and cysteine protease secreted from A. castellanii 
[24-27]. The cytotoxicity was somewhat higher in the amoebic 
cyst co-culture, and then a further research is needed on the elu-
cidation of these related materials. Like other mucosal epithelial 
cells, corneal epithelial cells can detect pathogenic microorgan-
isms and engage in innate immune response that involves mac-
rophage cells and neutrophils. It is known that macrophages 
and neutrophils play an essential role in the elimination of 
pathogens, resulting in an inflammatory reaction [28]. Neutro-

Fig. 5. Secretion of IL-6 (A) and IL-8 (B) from HCECs co-cultured with A. castellanii trophozoites or cysts. *P<0.005.
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phils of Chinese hamster corneal epithelial cells can kill amoe-
ba trophozoites. When AK-induced hamster was treated with 
anti-MIP2 antibody, an inhibitor of macrophage inflammatory 
protein-2 (MIP-2), symptoms of AK were worse [22]. The pro-
duction of IL-6 and IL-8 may cause barrier destruction of the 
corneal epithelium and inflammation of the ocular surface [29]. 
In this study, mRNA expression levels of IL-1α, IL-6, and IL-8 in 
HCECs cultured with A. castellanii cysts and trophozoites for 3 
and 6 hr were significantly higher than those in the control 
group. Especially, expression levels of IL-6 were decreased at 12 
and 24 hr post incubation with trophozoites. This might be due 
to a decrease in target cells caused by amoebic phagocytosis. 

In the results of HCECs co-culture with amoeba cysts for 6 
hr, IL-6 secretion levels were 484.92 pg/ml, whereas 1,042.58 
pg/ml in culture with trophozoites. And then, they were rapid-
ly increased with incubation time, showing difference between 
infectious (co-cultured) types of amoeba, as which trophozo-
ites induce higher secretion than cysts. It is thought that some 
substances secreted from cysts have different cytopathic mech-
anisms, while amoebic trophozoites show cytopathic effects 
by phagocytosis as well as secretion of some cytolytic or im-
mune materials.  In addition, it is believed that there are differ-
ent mechanisms between the cytopathic effect and the inflam-
matory reaction resulted of the immune response. The differ-
ence between A. castellanii cysts and trophozoites co-culture 
needs to be determined in further studies such as molecular 
cloning and characterization of some substances secreted dif-
ferently between cysts and trophozoites. 

In conclusion, these results suggest that cytopathic changes 
and pro-inflammatory cytokines release of HCECs in response 
to A. castellanii, in considering especially amoebic cysts con-
tamination/infection, are an important mechanism for AK de-
velopment.  
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