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We investigated the cytokine/chemokine secretions and alteration of protein expression from peripheral blood mononuclear
cells (PBMCs) cocultured with adult liver flukes (Opisthorchis viverrini) for 6 to 24 h. PBMC-derived proteins were identified by
two-dimensional electrophoresis and mass spectrometry, and the cytokines/chemokines in the supernatant were assessed using
a cytokine array. Exposure to O. viverrini induced increases in secretion of proinflammatory cytokines, costimulating protein,
adhesion molecules, and chemotactic chemokines relative to untreated controls. In contrast, secretion of the CD40 ligand, inter-
leukin 16, and macrophage inflammatory protein 13 decreased. Proteomic analysis revealed that expression of 48 proteins was
significantly altered in PBMCs stimulated with O. viverrini. Annexin A1 (ANXA1) was selected for further study, and immuno-
blotting showed upregulation of ANXAI1 expression in PBMCs after 12 and 24 h coculture with liver flukes. In an in vivo study,
transcription and translation of ANXAL1 significantly increased in livers of hamsters infected with O. viverrini at 21 days and
from 3 months onwards compared to normal controls. Interestingly, immunohistochemistry revealed that ANXA1 was present
not only in the cytoplasm of inflammatory cells but also in the cytoplasm of cholangiocytes, which are in close contact with the
parasite and its excretory/secretory products in the biliary system. Expression of ANXA1 increased with time concomitant with
bile duct enlargement, bile duct formation, and epithelial cell proliferation. In conclusion, several cytokines/chemokines se-
creted by PBMCs and upregulation of ANXA1 in PBMCs and biliary epithelial cells might have a role in host defense against O.

viverrini infection and tissue resolution of inflammation.

Opisthorchiasis is caused by infection with the human liver
fluke, Opisthorchis viverrini, which is endemic in Southeast
Asian countries, including Lao People’s Democratic Republic,
Cambodia, southern Vietnam, and Thailand (1). People can be-
come infected by eating raw, semicooked, or fermented fish,
which may be contaminated with metacercariae. Metacercariae
excyst in the duodenum and then migrate to and mature in the
biliary system. Eggs are produced starting 1 month after infection
and are voided with feces. If eggs contaminate a water body, they
may be consumed by snails of the genus Bithynia, within which
cercariae develop. These emerge from the snails and subsequently
encyst in cyprinid fish species. Infection with O. viverrini is clini-
cally silent in the acute phase but causes hepatobiliary disease dur-
ing the chronic phase, leading to increased risk of cholangiocarci-
noma (CCA) (1, 2). In Thailand, the highest prevalence of
opisthorchiasis is found in the northeastern region, where the in-
cidence of CCA is also high (1, 2). At least 10 million people in
regions of endemicity are infected with O. viverrini and remain at
relatively high risk for hepatobiliary disease and CCA (2). Immu-
nopathological processes elicited by the host-parasite interaction
are believed to be important mechanisms contributing to opis-
thorchiasis and CCA (3-5).

Peripheral blood mononuclear cells (PBMCs) consist of lym-
phocytes and monocytes. These cells are very important immune
players and are therefore involved in a large number of diseases. In
an opisthorchiasis model, infiltration of mononuclear cells into
hamster liver was associated with bile duct epithelium prolifera-
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tion and periductal fibrosis (6, 7). In contrast, T cell-deprived
hamsters showed markedly less inflammatory cell infiltration and
liver injury when infected with O. viverrini (3). Thus, mononu-
clear cells might play an important role in pathological changes in
opisthorchiasis.

Cytokines and chemokines are secreted by a variety of cell
types, including inflammatory cells, and play crucial functions in
immunoregulation and immune responses (8), including re-
sponses to parasite infection (9, 10). In the hamster opisthorchi-
asis model, the mRNA expression of Th1 cytokine (interleukin 12
[IL-12]) increased in liver, spleen, and lymph nodes during the
acute phase and subsequently switched to Th2 cytokines (trans-
forming growth factor 3 [TGF-B], IL-4, and IL-10) during the
chronic phase (11). In human studies, elevated levels of IL-6 were
found in PBMCs stimulated by O. viverrini excretory/secretory
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(ES) products (12) and in plasma (13) of opisthorchiasis patients
with advanced periductal fibrosis. Moreover, treatment of a nor-
mal immortalized human cholangiocyte cell line with O. viverrini
ES products also increased the expression of Toll-like receptor 4
(TLR-4) and subsequently stimulated the production of IL-6 and
IL-8 (14). In addition, not only cytokines/chemokines but also
other molecules, such as the protein peroxiredoxin 6 (Prdx6), a
key regulator of the cellular redox balance, might play a role in
host defense against O. viverrini infection (15). These findings
imply that cytokines/chemokines as well as proteins might partic-
ipate in host responses to O. viverrini infection.

However, the identities and expression profiles of the products
made by PBMCs in response to O. viverrini infection are not well
known. We therefore cocultured human PBMCs with adult O.
viverrini and characterized their cytokine/chemokine secretions
using the human cytokine array kit. The PBMC-derived protein
expression profile was analyzed using two-dimensional electro-
phoresis (2DE) followed by liquid chromatography-tandem mass
spectrometry (LC/MS-MS). Among the upregulated proteins, an-
nexin Al (ANXA1) was chosen for further study based on its lo-
cation in the cell membrane, its increased expression with time
after stimulation, and its known involvement in the immune re-
sponse and carcinogenesis (16). ANXA1 was selected and vali-
dated by immunoblotting. In addition, the time profile of ANXA1
expression was investigated in livers of hamsters experimentally
infected with O. viverrini. This study provides basic information
concerning the host-parasite interaction in opisthorchiasis.

MATERIALS AND METHODS

Parasites. Opisthorchis viverrini metacercariae were isolated from natu-
rally infected cyprinid fishes obtained from an area of endemicity in Khon
Kaen Province, Thailand. Cyprinid fishes were digested by artificial pepsin
as previously described (6). In brief, fishes were minced and then homog-
enized in a blender with 0.25% pepsin—1.5% HCIl (Wako Pure Chemical
Industries, Osaka, Japan) in 0.85% NaCl solution and incubated for 1 h at
37°C. The digested material was serially filtered (1,000, 300, and 106 pm).
Material retained on the 106-pm sieve was washed through a 250-pum
sieve using normal saline and then washed several times with normal
saline in a sediment jar. Metacercariae were identified and collected from
the sediment under a dissecting microscope. Cysts in which movement
could be seen were used to infect Syrian golden hamsters by gastric intu-
bation.

Preparation of O. viverrini adult worms for in vitro coculture. Adult
worms were recovered under aseptic conditions from the biliary systems
of euthanized hamsters infected 3 to 4 months previously. In order to
prevent bacterial contamination, each hamster was sacrificed in a lami-
nar-flow hood using aseptic technique. The live worms were immediately
washed several times in phosphate-buffered saline (PBS) with penicillin-
streptomycin (100 U/ml) (Gibco Laboratories, Grand Island, NY, USA) to
remove any debris and residual blood. Adult worms were then held in
RPMI 1640 medium (Invitrogen, Carlsbad, CA, USA) supplemented with
penicillin-streptomycin (100 U/ml) and 10% fetal bovine serum (FBS)
(Gibco) and incubated at 37°C with 5% CO, for 2 h. Only those still
actively moving after 2 h were used in the coculture experiment.

Peripheral blood mononuclear cell (PBMC) isolation. Human
PBMCs were obtained from the bufty coats of healthy donors at the Blood
Bank Center in Srinagarind Hospital, Faculty of Medicine, Khon Kaen
University. Five healthy donors that were not infected with hepatitis B or
C viruses, human immunodeficiency virus (HIV), Treponema pallidum,
or O. viverrini were enrolled in this study. A dot blot immunoassay was
used to confirm that these donors did not have antibodies against O.
viverrini crude antigen. PBMCs were isolated from the buffy coat using
Lymphoprep gradient medium (density, 1.077 g/ml; Axis-Shield PoC AS,
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Oslo, Norway). PBMCs were subsequently washed with PBS, and the vi-
ability of cells was confirmed to be greater than 95% as measured by the
trypan blue dye exclusion test. The study protocol was approved by the
Ethics Group of the Human Research Committee (protocol no.
HE531202), Khon Kaen University, Khon Kaen, Thailand.

PBMCs cocultured with adult O. viverrini. Freshly isolated PBMCs
from each subject were seeded (1 X 10° cells/well) into wells of a 12-well
Transwell culture plate (Costar, Corning Incorporated, Cambridge, NY,
USA) in RPMI 1640 medium supplemented with 10% FBS, 1% sodium
pyruvate, L-glutamine, and penicillin-streptomycin (100 U/ml). Nine
wells were used for each time point to be assayed (three wells for PBMCs
cocultured with live flukes, three positive controls, and three negative
controls). In each case, PBMCs were grown in the lower chamber of each
well for 24 h at 37°C in 5% CO, and 95% humidity. For the coculture
treatment, O. viverrini adult worms (5 worms/well) were then transferred
into the upper chamber (separated from the lower by an 8-pm-pore-size
plate) and the plates were cultured for 6, 12, and 24 h. Lipopolysaccharide
(LPS)-treated PBMCs (1 pg/ml/well) and untreated cells were used as
positive and negative controls, respectively. At various time points, cell-
free supernatants were collected after centrifugation at 3,000 rpm for 10
min at 4°C and immediately stored at —80°C until cytokine analysis. Cell
pellets were washed twice with cold PBS and stored at —80°C until pro-
teomic analysis.

Animal experiments. Use of animals in this study was previously ap-
proved by the Animal Ethics Committee of Khon Kaen University, Khon
Kaen, Thailand (protocol no. AEKKU17/2550). Fifty male Syrian golden
hamsters (Mesocricetus auratus) aged 4 to 6 weeks were obtained from the
Animal Unit, Faculty of Medicine, Khon Kaen University, Khon Kaen,
Thailand. Animals were divided into two groups, the uninfected control
group (normal group) and the O. viverrini-infected group. Those in the
infected group were given 50 metacercariae of O. viverrini each. Hamsters
were sacrificed at 21 days and 1, 3, 4, and 5 months postinfection (n = 5
for each subgroup). For total RNA isolation, liver tissues were immedi-
ately transferred to TRIzol reagent (Invitrogen), snap-frozen in liquid
nitrogen, and stored at —80°C until use. For Western blotting and 2D
Western blotting, liver slices were immediately snap-frozen in liquid ni-
trogen and stored at —80°C until use. For histopathological study, liver
tissues were fixed in 10% buffered formalin, embedded, and sectioned ata
5-pum thickness. Liver tissue sections were stained with hematoxylin and
eosin to evaluate histopathological changes.

Two-dimensional electrophoresis. 2DE was performed as previously
described (15). PBMCs from each subject and time point were used for
2DE in duplicate experiments. PBMCs were lysed by freeze-thaw and
separated into two aliquots, and 500 pl of sample preparation solution (7
M urea, 2 M thiourea, 4% [wt/vol] CHAPS {3-[(3-cholamidopropyl)-
dimethylammonio]-1-propanesulfonate}, 2% [vol/vol] immobilized pH
gradient [IPG] buffer [pH 3 to 10], 40 mM dithiothreitol [DTT], and
protease inhibitors cocktail) (GE Healthcare, Piscataway, NJ, USA) was
added to each aliquot. Samples were vortexed, incubated at 4°C for 1 h,
and centrifuged at 12,000 rpm for 30 min at 4°C. Protein was precipitated
from the supernatant using a 2D cleanup kit (GE Healthcare) and resus-
pended with sample preparation solution. Protein concentration was
measured using the Coomassie plus protein assay (Bio-Rad Laboratories,
Hercules, CA, USA) according to the manufacturer’s instructions. There-
after, protein (150 pg) was dissolved in rehydration buffer (7 M urea, 2 M
thiourea, 2% [wt/vol] CHAPS, 2% (vol/vol) IPG buffer (pH 3 to 10), 18
mM DTT, and 0.002% bromophenol blue) and loaded onto a 7-cm, pH 3
to 10 nonlinear IPG strip (GE Healthcare). Isoelectric focusing (IEF) was
performed using an Ettan IPGphor II isoelectric focusing system at 20°C
(GE Healthcare) in a stepwise fashion (30 min, 300 V; 30 min, 1,000-V
gradient; 2 h, 5,000-V gradient; 30 min, 5000 V). The strips were equili-
brated with 100 mM DTT and 2.5% iodoacetamide according to the in-
structions of the manufacturer (GE Healthcare). SDS-PAGE was per-
formed using the Mini-Protean Tetra electrophoresis system (Bio-Rad).
Briefly, IPG strips were placed on top of 12% polyacrylamide slab gels (8
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by 9 by 0.1 cm) and overlaid with 0.5% low-melting-point agarose.
The gels were fixed in 45% methanol, 5% acetic acid, and 50% distilled
water, followed by staining with 0.25% Coomassie brilliant blue R-250
(USB, Cleveland, OH, USA), and placed overnight in a destaining
solution. Gel scanning was performed using ImageScanner (Amer-
sham Biosciences, Cambridge, United Kingdom). Protein spots were
analyzed using ImageMaster 2D Platinum software version 6.0 (GE
Healthcare). Representative gel images are shown in Fig. SI in the
supplemental material.

Identification of protein spots by mass spectrometry. Protein spots
were prepared using tryptic digestion for LC-MS/MS as previously de-
scribed (17). In brief, the gel spot containing the protein was destained,
reduced, and alkylated, and digested with trypsin (Promega, Madison,
WI, USA) (10 ng/pl trypsin in 50% acetonitrile-10 mM ammonium bi-
carbonate). For LC-MS/MS analysis, the proteins were identified using
the Water SYNAPT HDMS system (Water Corporation, Milford, MA,
USA). The samples were electrosprayed into a mass spectrometer (Synapt
HDMS; Waters Corporation). The spectral data were generated in an
MS/MS Ion search with Micromass (PKL) file support using the MAS-
COT engine program (Matrix Science, London, United Kingdom). The
MS data were used to query the NCBI database for human proteins. The
following search parameters were used in all MS/MS Ton searches: toler-
ance of one missed cleavage; peptide mass tolerance of = 1.2 Da; fragment
mass tolerance of £0.6 Da; carbamidomethylated cysteine as a fixed mod-
ification; oxidation of methionine residues as a variable modification; an
electrospray ionization (ESI) ion trap as the instrument type. All identi-
fied proteins exhibited a Mascot score of >55, corresponding to a prob-
ability of <<5% that the observed match is a random event. Moreover, a
protein was considered to be correctly identified only when at least 2
peptides matched the same protein with a significant score (P < 0.05). For
single peptide-based identification, in addition to a significant Mascot
score, only peptide sequences with at least three consecutive amino acids
detected on MS spectra were considered. These validation criteria were
designed to limit the number of false-positive matches without missing
real proteins of interest. Molecular function and biological process were
assigned to each protein identified according to the UniProt database
(Swiss-Prot/TrEMBL) (http://www.uniprot.org) and the Human Protein
Reference Database (http://www.hprd.org).

2D-gel Western blotting and Western blot analysis. To verify pro-
teomic data, the expression of ANXAI in PBMCs was confirmed by 2D-
gel Western blotting and Western blot analysis. For 2D-gel Western blot-
ting, PBMC protein (150 pg) from each subject and time point was
subjected to 2D gel electrophoresis and transferred to a polyvinylidene
difluoride (PVDF) membrane (Amersham Bioscience) using a mini-
Trans-Blot system (Bio-Rad) for 2 h at 60 V. For Western blotting, 20 j.g
of proteins from PBMCs was separated on a 12% SDS-PAGE gel and
transferred to a PVDF membrane. The membranes were blocked with 5%
skim milk powder in phosphate-buffered saline (PBS) with 0.1% Tween
20 (PBS-T, pH 7.5) for 1 h at room temperature. Then the membranes
were incubated with rabbit polyclonal anti-annexin A1 in 2% skim milk—
PBS-T (1:1,000; Santa Cruz Biotechnology, Santa Cruz, CA) at 4°C over-
night. After washing with 0.1% PBS-T, the membranes were incubated
with a 1:3,000 dilution of horseradish peroxidase (HRP)-conjugated
secondary antibody (GE Healthcare) diluted in 2% skim milk—-PBS-T
for 1 h at room temperature. Immunodetection was accomplished
with an enhanced chemiluminescence (ECL) Western blotting detec-
tion reagent (Amersham Bioscience). Relative band intensity was de-
termined using ImageQuant TL software v2005 (1.1.0.1) (Nonlinear
Dynamics, Durham, NC). In addition, hamster liver (approximately
150 mg) was homogenized and protein was extracted as previously
described (15). The expression of ANXA1 was also verified in each
hamster liver infected with O. viverrini by Western blotting using the
same protocol as above.

Immunohistochemistry. To investigate ANXA1 expression in O.
viverrini-infected hamsters, sections cut from each liver were deparaf-
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finized in xylene and then rehydrated through a series of ethanol concen-
trations. Antigen retrieval was performed by incubating the tissue in 0.01
M citric acid buffer (pH 6.0) and autoclaving at 110°C for 10 min.
Endogenous peroxidase activity was eliminated by incubation for 20
min in 3% hydrogen peroxide in PBS. After being washed in PBS,
specimens were blocked with 5% FBS for 30 min at room temperature
and then incubated with 1:100 rabbit polyclonal anti-annexin Al
(Santa Cruz Biotechnology) at 4°C overnight. Next, the sections were
incubated with HRP-conjugated goat anti-rabbit IgG antibody (1:400;
GE Healthcare) for 1 h at room temperature and detected using 3,3'-
diaminobenzidine tetrahydrochloride (DAB). Sections were counter-
stained with hematoxylin for 1 min.

The immunohistochemical staining density and intensity in hamster
tissue was scored. In brief, the intensity of protein expression was graded
as follows: 0, no staining; 1+, mild; 2+, moderate; 3+, strong. The stain-
ing density was quantified as the percentage of cells stained positively in
tissue as follows: 0, no staining; 1, positive staining in <25%; 2, positive
staining in 25 to 50%; 3, positive staining in >50%. The intensity score
was multiplied by the density score to yield an overall score of 0 to 9 for
each specimen.

Quantitative real-time reverse transcriptase PCR. Real-time RT-
PCR was performed in the Applied Biosystems 7500 thermal cycler (Ap-
plied Biosystems, Foster City, CA, USA). Total RNA was isolated from
hamster livers, and cDNA synthesis was performed using Superscript II
reverse transcriptase (Invitrogen) according to the manufacturer’s proto-
col. Real-time RT-PCR was performed in duplicate experiments on each
hamster liver using the primers ANXA1-F (5'-GCTCAGTTTGATGCAG
ATGAAC-3") and ANXAI-R (5'-GATGTCTTTGGCCAGATCTC-3')
and the FastStart universal SYBR green master (Rox) kit (Roche Applied
Science, Mannheim, Germany) as described previously (6). This pair of
primers was designed to amplify a 159-bp fragment from the rat ANXAI
gene. The operation was performed as following conditions: 95°C for 10
min, followed by 35 cycles of denaturation at 95°C for 15 s, annealing at
55°C for 30 s, and extension at 72°C for 1 min. All data were analyzed using
Rotor Gene 5 software (Corbett Research, Sydney, NSW, Australia) with a
cycle threshold (C;) in the linear range of amplification. Relative quanti-
fication of ANXAI mRNA expression was determined using glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) as an internal control using
the 2724 method.

Cytokine arrays. Human cytokines in pooled cell culture superna-
tants from each time point were measured using the Proteome Profiler
human cytokine panel A array kit (R&D Systems, Minneapolis, MN,
USA) according to the manufacturer’s instructions. The kit consists of a
nitrocellulose membrane containing 36 different anti-cytokine/chemo-
kine antibodies spotted in duplicate. The 36 cytokines/chemokines in-
cluded complement component 5a (C5a), CD40 ligand, granulocyte
colony-stimulating factor (G-CSF), granulocyte-macrophage colony-
stimulating factor (GM-CSF), GROa, I-309, soluble intercellular adhe-
sion molecule 1 (SICAM-1), gamma interferon (IFN-v), IL-1a, IL-1p3,
IL-1ra, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12p70, IL-13, IL-16, IL-17,
IL-17E, IL-23, IL-27, IL-32«, IEN-y-induced protein 10 (IP-10), I-TAC,
monocyte chemoattractant protein 1 (MCP-1), migration inhibition fac-
tor (MIF), macrophage inflammatory protein lac (MIP-1ax), MIP-1, ser-
pin E1, RANTES, SDF-1, tumor necrosis factor alpha (TNF-a), and
STREM-1. Briefly, membranes were incubated with blocking buffer at
room temperature for 1 h. Cell supernatants (0.5 ml) were mixed with a
biotinylated detection antibody cocktail at room temperature for 1 h,
and then each was incubated with a membrane overnight at 4°C. The
arrays were then washed three times for 10 min and subsequently
incubated with horseradish peroxidase-conjugated streptavidin for 30
min at room temperature. The arrays were exposed to peroxidase sub-
strate (ECL Western blotting detection reagent; Amersham Biosci-
ence). Array images were exposed to X-ray film and scanned for pixel
density analysis using ImageQuant TL software (GE Healthcare). The
data were expressed as the change in expression of cytokines/chemo-
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FIG1 Array analysis of cytokine and chemokine secretion by PBMCs (10° cells/ml) cocultured with O. viverrini (OV) in Transwell plates for 6, 12, or 24 h. Pooled
culture medium obtained from each time point was assayed for production of cytokines/chemokines. Array images show spots of each cytokine or chemokine
detected from untreated and OV-treated PBMCs at 6, 12, and 24 h (A). The ratio of mean pixel densities in OV-treated PBMCs to that in controls is presented

as fold increase (B) or decrease (C).

kines of treated PBMCs relative to that of the corresponding cytokines/
chemokines of untreated PBMCs.

Statistical analysis. The data are presented as means * standard de-
viations (SD). To compare the expression levels of protein between
treated and untreated PBMC groups, statistical significance of spot inten-
sity of proteomic data was determined using Student’s ¢ test. Relative gene
expression levels were assessed by one-way analysis of variance (ANOVA).
A nonparametric Mann-Whitney U test was used to compare the immu-
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nohistochemistry expression level of ANXAI in hamster data. Statistical
analysis was performed using SPSS version 15 (SPSS Inc., Chicago, IL,
USA). A P value of <0.05 was considered statistically significant.

RESULTS

Cytokine/chemokine secretion from PBMCs induced by O.
viverrini. Pooled supernatants obtained from human PBMCs
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FIG 2 2D electrophoresis of human PBMCs treated with O. viverrini (OV) for 6, 12, and 24 h and untreated PBMCs. IEF was performed with total protein
extracted from PBMCs in the pH range from 3 to 10 (nonlinear), separated on 12% polyacrylamide gels, and stained with Coomassie brilliant blue R-250. Spots
showing differential expression and the corresponding proteins were identified using LC-MS/MS and database searching. The spot numbers on the gels

correspond to the numbers in Table 1.

cocultured with O. viverrini for 6, 12, and 24 h at 37°C were used
for cytokine array analysis. The array images are shown in Fig. 1A.
Secretion of proinflammatory cytokines (IL-1(8), costimulating
protein (G-CSF), adhesion molecule (SICAM-1), and chemotactic
chemokines (IP-10 and MIP-1a) increased in supernatants of
PBMC:s incubated with O. viverrini. Expression of proinflamma-
tory cytokines (TNF-a) and chemotactic chemokines (C5a and
MCP-1) occurred in supernatants from treated PBMCs but not in
untreated controls. Secretion levels of SICAM-1, G-CSF, IL-1p3,
and IP-10 increased with time of stimulation, while levels of
MIP-1a peaked at 12 h and subsequently decreased (Fig. 1B). In
contrast, levels of CD40 ligand (CD40L), IL-16, and MIP-1(3 were
reduced by O. viverrini stimulation (Fig. 1C). Secretion of GM-
CSF, GROa, 1-309, IFN-v, IL-1a, IL-1ra, IL-2, IL-4, IL-5, IL-6,
IL-8, IL-10, IL-12p70, IL-13, IL-17, IL-17E, IL-23, IL-27, IL-32a,
I-TAC, MIF, serpin E1, RANTES, SDF-1, and sSTREM-1 could not
be detected in any array, control, or experiment.
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Proteomic identification of proteins in human PBMCs stim-
ulated with O. viverrini. 2DE and LC-MS/MS-based proteomic
approaches were used to analyze protein expression in PBMCs
after cocultivation with O. viverrini for 6 to 24 h. Forty-eight pro-
teins were significantly up- or downregulated in treated PBMCs
relative to untreated PBMCs, as shown in Fig. 2 and Table 1. The
identified proteins were classified according to their known or
predicted cellular localizations and biological functions according
to the UniProt knowledgebase (Swiss-Prot/TrEMBL) and the Hu-
man Protein Reference database (Fig. 3). Proteins were typically
located in the cytoplasm (59%), nucleus (17%), mitochondrion
(8%), endoplasmic reticulum (8%), plasma membrane (6%), and
ribosome (2%) (Fig. 3A). Of these proteins, 29% were associated
with metabolism, 17% were associated with signal transduction,
15% were structural, 13% were associated with the immune re-
sponse, 8% were associated with transport, 6% were associated
with translation, 4% were associated with the cell cycle and with
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FIG 3 Cellular localization and functional categories of the 48 differentially expressed proteins in human PBMCs stimulated with O. viverrini. The identified
proteins were classified according to their known or predicted cellular localizations and biological functions according to the Human Protein Reference Database
and the UniProt database. The pie chart shows the proportion of identified proteins based on cellular localization (A) and functional category (B).

stress response, 2% were associated with transcription, and 2%
were unknown (Fig. 3B).

Validation of annexin A1 in O. viverrini-stimulated PBMCs.
Following the above bioinformatics analysis, ANXA1 protein was
selected for further study due to (i) its increased expression with
time (upregulated 1.44-fold and 3.50-fold at 12 and 24 h, respec-
tively), (ii) its location at the cell membrane, (iii) its involvement
in immune response and signal transduction, and (iv) the fact that
its expression has never been reported in opisthorchiasis. Western
blotting showed that expression of ANXALI significantly increased
in PBMCs after 12 and 24 h of coculture with O. viverrini (Fig. 4A).
In addition, expression of ANXA1 was unchanged in untreated
controls at every time point. Moreover, 2D Western blotting also
revealed that upregulated expression of ANXA1 (pI = 6.5, molec-
ular mass = 38 kDa) was 3.7-fold higher in O. viverrini-treated
PBMCs than untreated controls at 24 h (Fig. 4B, C, and D).

Expression of annexin Al in O. viverrini-infected hamsters.
In liver sections, faint immunoreactivity of ANXA1 was found
in biliary epithelial cells of normal liver (Fig. 5A) and was un-
changed with a similar scoring at any time point (1 = 0.00 at 1,
3, and 5 months). In O. viverrini-infected hamsters, ANXA1
was observed not only in inflammatory cells but also in bile
duct epithelial cells (Fig. 5B to F). Expression of ANXA1 was
found in the cytoplasm of inflammatory cells, mainly in some
large cells (macrophage-like cells) at aggregations of lymphoid
cells surrounding the parasite in the bile duct lumen (Fig. 5E).
Interestingly, expression of ANXA1 in cholangiocytes was
found not only in the lumen of large bile ducts, where worms
reside, but also in small bile ducts and ductules lacking para-
sites (Fig. 5F). Early in the course of infection, ANXA1 was
expressed mainly in inflammatory cells and peaked at 3 months
(Fig. 5C). At 5 months, ANXA1 expression in inflammatory
cells tended to be lower (Fig. 5D), whereas its expression in bile
duct epithelial cells increased with time as bile ducts enlarged
and small bile ducts proliferated. The score of ANXA1 expres-
sion at 5 months was significantly higher than at 3 months (7 =
1.73 versus 4 = 0.00; P < 0.05) and at 3 months was much
higher than at 1 month (4 = 0.00 versus 2 = 0.00; P < 0.05).

To compare levels of translation and transcription of ANXA1

2142 iai.asm.org

in hamster liver over time, Western blotting and real-time RT-
PCR were used. Western blot analysis showed that expression level
of ANXA1 protein in liver homogenate significantly increased ear-
lier, at 21 days, and then increased from 3 months onwards com-
pared to normal controls (Fig. 6A). In addition, the relative
mRNA expression levels of ANXA1 significantly increased at 21
days and 3, 4, and 5 months postinfection (Fig. 6B).

DISCUSSION

To obtain a more comprehensive picture of the global impact on
the response by PBMCs against O. viverrini, we cocultivated
healthy human PBMCs with live worms and investigated protein
expression using a proteomic approach and cytokine/chemokine
secretion using a cytokine array assay. We have clearly demon-
strated that stimulation of PBMCs with products from live flukes
leads to the secretion of many cytokines/chemokines from
PBMCs and changes in protein expression. Several cytokines and
chemokines were upregulated, including proinflammatory cyto-
kines (IL-1B, TNF-a, and G-CSF), a cell adhesion molecule
(SICAM-1), and chemoattractant chemokines (MCP-1, MIP-1a,
IP-10, and C5a). TNF-a is a cytokine that plays a critical role in the
regulation of inflammatory processes, both idiopathic and against
infectious agents (18). In parasite infection, TNF-a can induce
nitric oxide production by activated macrophages, which leads to
parasite death (19, 20). IL-1f3 is a proinflammatory cytokine
which participates in inflammatory responses by induction of in-
ducible nitric oxide synthase (iNOS) and COX-2 expression (21).
Previously, we demonstrated upregulation of iNOS and COX-2 in
macrophages treated with O. viverrini crude antigen (22) and in
the livers of hamsters infected with O. viverrini. This upregulation
can be detected in hamsters from as little as 3 days postinfection
and persists until the late phase of infection (23). Expression of
iNOS leads to the production of nitric oxide, which is important
for host defense against some bacterial, protozoal, and helminthic
infections (24-26). Furthermore, IL-1 and TNF-« can induce
the expression of sSICAM-1, a circulating form of ICAM-1 (27),
which participates in leukocyte adhesion and facilitates leukocyte
transendothelial migration (28). Thus, production of IL-1B and
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FIG 4 Validation of ANXA1 expression in human PBMCs stimulated with O. viverrini (OV) by immunoblotting analysis. Western blot analysis shows
upregulation of ANXAT at 12 and 24 h (A), as does 2DE-Western blotting after 24 h (B: arrow points to spot of ANXA1). 3D images (C) show a 3.7-fold increase
of intensity of ANXA1 expression in the treated group relative to the control group (D). Statistical comparison with untreated control (D). *, P < 0.05.

TNF-a by O. viverrini-stimulated PBMCs may be a component of
host defense against the parasite.

Chemoattractant chemokines, including MIP-1a,, MCP-1, IP-
10, and C5a, were also elevated in O. viverrini-stimulated PBMCs.
These chemokines are involved in the cellular recruitment and
activation of several leukocytes such as monocytes/macrophages,
polymorphonuclear cells, and lymphocyte infiltration to the sites
of infection (29-32). In the initial phase of O. viverrini infection
(days 3, 7, and 15), the inflammatory cells infiltrating the portal
areas consist of a large number of eosinophils with some neutro-
phils and mononuclear cells and contribute to the development of
microgranulomas. Thereafter, there was an increase in mononu-
clear cells and a decline of eosinophils (7). However, O. viverrini
infection in T cell-deprived hamsters showed a marked decrease in
the intensity of the periportal inflammation compared with intact
hamsters (3). Thus, the chemokine response in O. viverrini-stim-
ulated PBMCs may participate in the host defense mechanism as
well as in pathogenesis of opisthorchiasis.

In contrast, secretion of CD40 ligand (CD40L), interleukin-16
(IL-16), and macrophage inflammatory protein 13 (MIP-13) de-
creased in PBMCs stimulated with O. viverrini. CD40-CD40L in-
teractions have been shown to be essential for immunity to some

May 2014 Volume 82 Number 5

parasite infection (33). The reduction of CD40L caused by O.
viverrini infection may be associated with parasite survival. In ad-
dition, several Th2 (IL-4, IL-5, IL-10, and IL-13), and Treg (IL-17,
IL-17E, and IL-23) cytokines were undetectable in PBMCs stim-
ulated with O. viverrini in this experiment, suggesting that these
cytokines/chemokines are involved in the chronic-phase re-
sponse. This assumption was supported by the evidence that ex-
pression of Th2 cytokines (TGF-f3, IL-4, and IL-10) could be de-
tected in chronically O. viverrini-infected hamsters (11).

Previously, we established that O. viverrini crude antigen
extract induces leukocytes (34) and mouse macrophage cell
lines (22) to engage in host-parasite interactions. Here, we used
aproteomic approach to discover all possible protein responses
to liver fluke infection. A total of 48 PBMC proteins, located
in various cellular compartments, were upregulated and/or
downregulated compared with unstimulated PBMCs. These
proteins were functionally associated with metabolism, signal
transduction, cell structure, immune response, etc., demon-
strating the very broad response by PBMCs after stimulation
with O. viverrini.

Because membrane proteins are known to play a crucial role in
host-parasite interaction, we selected ANXALI for further valida-
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FIG 5 Immunohistochemistry of ANXA1 expression in livers of hamsters infected with O. viverrini. Immunohistochemistry was performed in normal hamster
liver at 5 months (A) and in O. viverrini-infected livers at 1 month (B), 3 months (C), and 5 months (D). A single representative image is shown for each time point
(5 liver samples per time point). ANXA1 was expressed in the cytoplasm of inflammatory cells (arrow [B and E]) and proliferating bile duct epithelial cells (F).
The magnification is X400, except in panel E, where it is X600 (scale bar = 200 wm). BD, bile duct; OV, Opisthorchis viverrini.

tion based on its locality in the cell, its pattern of expression, and
its functional activity. ANXA1 belongs to the annexin superfamily
of proteins and binds to cellular membranes in a Ca**-dependent
manner (35). Itis localized in the cytoplasm and is translocated to
the cellular membrane after posttranslational modification (36).
ANXAL is involved in a broad range of molecular and cellular
processes, including anti-inflammatory signaling, kinase activities
in signal transduction, maintenance of cytoskeleton and extracel-
lular matrix integrity, tissue growth, apoptosis, and differentiation
(37). Increase of ANXA1 expression in inflammatory cells has
been detected in mice infected with Toxoplasma gondii (38). We
hypothesize that ANXA1 might play a role in host-parasite inter-
actions in O. viverrini infection.

The initial stages of inflammation are modulated by multiple
interactions involving cell adhesion molecules, cytokines, and
chemokines to recruit leukocytes to the site of infection. In animal
models of arthritis, ANXALI is expressed in leukocytes, has anti-
inflammatory effects through proinflammatory stimuli such as
IL-1B, and participates in the regulatory control of inflammation
(39). Relevantly, an increased level of IL-13 may mediate ANXAL1
expression in O. viverrini-stimulated human PBMC. Conse-
quently, ANXAI might play a role in host defense and phagocy-
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tosis via its receptor, formyl peptide receptor type 2 (40). More-
over, in livers of hamsters infected with O. viverrini, expression of
ANXAL1 increased early (at 21 days), suggesting that it is respond-
ing to proinflammatory cytokines such as IL-1f3.

Expression of ANXA1 was found not only in inflammatory
cells but also in biliary epithelial cells and increased in a time-
dependent manner as bile ducts enlarged and their epithelium
proliferated. An increase of ANXA1 in bile duct epithelial cells
with time may be a response to excretory/secretory products of
parasites as worms mature. Its expression may also mediate the
resolution of inflammation (35) during long-term infection by
involving the progression of fibrosis (41). Thickening of periduc-
tal fibrosis, a characteristic of chronic opisthorchiasis (2, 6, 7), is
accompanied by the proliferation of bile duct epithelium, in
which ANXA1 was strongly expressed (Fig. 5F). This increased
expression might be related to healing of damage to bile ducts and
liver tissue (42) caused by O. viverrini infection, comparable to the
ability of ANXAL to restore skeletal muscle tissue (37). In contrast,
expression of ANXA1 in inflammatory cells increased at 3 months
and then decreased by 5 months, perhaps as a consequence of
immunosuppression during the chronic phase of opisthorchiasis
(7,43, 44). ANXAL is an anti-inflammatory mediator capable of
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FIG 6 Time profile expression of ANXA1 in O. viverrini-infected hamsters. (A) Western blot analysis of ANXA1 in livers of O. viverrini-infected hamster groups
compared with a normal group at different time points (21 days and 1, 3, 4, and 5 months postinfection). (B) The mRNA expression level of ANXA1 was evaluated
by quantitative real-time RT-PCR. Data were derived from duplicate independent experiments on all five livers in each group and are presented as means = SD.
Statistical significance compared to the normal group, as determined by the Student ¢ test: *, P < 0.05; ** P < 0.01; ***, P < 0.001. D, days; M, months; OV,

Opisthorchis viverrini.

down-modulating leukocyte tissue localization (45). Alterna-
tively, decreased expression of ANXA1 at 1 month might be re-
lated to a switching from innate immunity during acute infection
(35) to an adaptive response in chronic infection. Therefore, up-
or downregulated expression of ANXA1 might occur in differing
ways in innate and adaptive immune cells to mediate the resolu-
tion of inflammation (35) according to time and endogenous reg-
ulators such as IL-1 (39).

More recently, in hamsters infected with O. viverrini and
treated with N-dimethylnitrosamine to induce CCA, enhanced
expression of ANXA1 was found in the cytoplasm of inflamma-
tory cells, bile duct epithelial cells, and tumor cells, in proportion
to CCA development. Relevantly, ANXA1 levels were higher than
in healthy individuals and proved to be a marker for CCA but not
for hepatocellular carcinoma (46). The role of ANXAI in the host
response to opisthorchiasis is likely to be important and requires
much further study.

In conclusion, this study shows a global impact on protein
expression and cytokine/chemokine secretion in PBMCs stimu-
lated with products of live O. viverrini. Several proteins were dif-
ferentially expressed in the PBMCs. Among these, ANXAI was
upregulated in the stimulated human PBMCs, probably via IL-1
stimulation, as well as in inflammatory cells and epithelial bile
duct cells of livers in infected hamsters. ANXA1 is an interesting
candidate protein for further investigation in relation to its role in
pathogenesis of opisthorchiasis. In addition, several acute-phase
cytokines/chemokines secreted by PBMCs may play important
roles not only in the host response against O. viverrini infection
but also in pathogenesis of opisthorchiasis.
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