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Abstract Our objective was to reveal whether host
immune response in hamster opisthorchiasis post-prazi-
quantel treatment could induce apoptotic cell death in
inflammatory cells. We, therefore, investigated apoptosis-
related gene expression in hamsters re-infected with
Opisthorchis viverrini (OV) and re-treated with praziquan-
tel. Hamsters were re-infected with OV metacercariae then
re-treated with praziquantel. The expression of apoptosis-
related genes (i.e. apoptosis gene Bcl-2 associated protein
X [BAX], caspase 9, p53 and protein kinase B [PKB]) was
detected by real-time reverse transcription-polymerase
chain reaction. Histopathological analyses of liver tissues
were performed by staining the sections with haematoxylin
and eosin using light microscopy. The results show that
BAX, Akt/PKB, p53 and caspase 9 expression levels were
significantly increased on day 30 post-infection and at 6 h
post-treatment and gradually decreased to a level near the
uninfected control and at 24 h post-treatment, perhaps
because of a decrease in inflammatory cells. Apoptotic cell
death was observed at the nuclei of epithelial cells of the
bile ducts and of T cells. Our results suggest that repeated
infection with OV and re-treatment with praziquantel
induces a host immune response that increases inflamma-
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tory cells, which in turn leads to increase, apoptosis-
related gene expression in the short term post-treatment.

Introduction

The occurrence of cholangiocarcinoma (CCA) is highly
endemic in Northeast Thailand and is the highest in the
world. Several risk factors for CCA, such as radiation,
parasite infection and chronic inflammation, have been
reported (IARC 1994, 1997; WHO 2004). Opisthorchiasis-
associated CCA was most often observed and remains the
leading cause of death in this region (WHO 2004), in part
because of local dietary habits, which increase the risk of
Opisthorchis viverrini (OV) re-infection, which is related to
the development of CCA.

Although recent reports show that praziquantel could
reduce the risk for the pathogenesis of CCA (Pinlaor et al.
2006), frequent treatment with praziquantel may be
detrimental to the host through the inflammation process.
The opisthorchiasis-pathological changes include the ag-
gregation of inflammatory cells surrounding the intra- and
extra-hepatic bile ducts. Chronic infection with OV for
many years is associated with several hepatobiliary diseases
(Sripa 2003), which are in turn associated with the
development of hepatobiliary cancer and CCA, albeit the
precise genesis remains obscure.

Praziquantel is an effective anti-helminthic drug widely
used for treatment of opisthorchiasis. The chemo-activity of
the medication damages the tegument of worms leading to
vacuolization, swelling and finally disruption and detach-
ment of the tegument and parasite death. Although
praziquantel is useful for treatment of trematodes, there is
no report about its virulent side effects (Supanvanich et al.
1981).
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Our preliminary findings indicate that inflammatory cells
were more numerous surrounding the hepatic bile duct after
praziquantel treatment; therefore, we hypothesized that after
praziquantel re-treatment, residuals of parasite antigens
enhance the stimulation of the host cellular immune
response and the release of free radicals, leading to cell
damage and apoptosis. This would be a distinct effect of
praziquantel treatment in persons infected with OV, which
we intended to investigate using a hamster model.

Materials and methods
Parasites and infection

OV metacercariac were obtained from naturally infected
cyprinoid fish captured from a fresh water reservoir in an
endemic area of Khon Kaen, Northeast Thailand. Fresh fish
were minced and digested with pepsin—HCI, filtrated and
then washed with normal saline solution until the solution
was clear. Metacercariae were isolated and identified under
a dissecting microscope. Finally, the metacercariae were
divided into groups of 50 for infecting hamsters via
intragastric intubation.

Male hamsters, 6 to 8 weeks old, from the Animal Unit,
Faculty of Medicine, Khon Kaen University, were used in
the experiments. The hamsters were divided into three
groups (i.e. the OV-infected group, the uninfected group
[normal control] and the OV-re-infected praziquantel
treatment or re-treated group). Hamsters were killed on
days 14, 30 and 90 post-infection. The liver samples were
prepared according to conventional methods for light
microscopic observation and real-time reverse transcription
polymerase chain reaction (real-time RT-PCR). This pro-
tocol was approved by the Animal Ethics Committee of the
Faculty of Medicine, Khon Kean University, Thailand
(Ethical Clearance no. AEKKU0023105).

Real-time RT-PCR was used to investigate the apoptosis-
related gene expression (i.e. BAX, Akt/PKB, p53 and cas-
pase 9) during OV infection and pre- and post-praziquantel
treatment. Light microscopy was used to investigate the
histopathological changes and apoptotic cell death.

Table 1 Summary of the primer pairs for real-time RT-PCR

Praziquantel treatment

Praziquantel, purchased from the Medicpharma, Bangkok,
Thailand, was used in this experiment. A dosage of 400 mg/
kg was given orally to each hamster. Uninfected hamsters
treated with praziquantel constituted the control. Three
months after infection, OV-infected hamsters were treated
with praziquantel and re-infected with OV within a week
then re-treated with praziquantel on day 30 post-infection.
Fours groups of hamsters were studied in this experiment:
(1) untreated control at 90 days post-infection (dpi), (2)
OV-re-infected praziquantel re-treatment at 6, (3) 12 and (4)
24 h post-treatment. All of the hamster groups were fed ad
libitum and maintained at the Animal Unit, Faculty of
Medicine, Khon Kaen University, Thailand.

Light microscopic observation

Liver samples were processed for light microscopic
observation according to Boonmars et al. (2004), i.e. fixed
with 10% formalin solution, processed in a conventional
manner and stained with haematoxylin and eosin.

Primers for quantitative reverse transcription

The primer pairs for apoptosis-related gene expression (i.e.
BAX, Akt/PKB, p53 and caspase 9) and endogenous
controls (MG3PDH, mouse glyceraldehyde-3-phosphate
dehydrogenase) were designed based on the published
sequence (Tables 1 and 2).

RNA extraction

Ribonucleic acid (RNA) was extracted from whole liver at
the hilar region (200 mg), obtained from the uninfected
group, the infected control groups (0, 14, 30 and 90 dpi)
and the treated groups (6, 12 and 24 h), were used for
messenger RNA (mRNA) analysis. Total RNA was isolated
using TRIZOL (Invitrogen, Carlsbad, CA) according to the
manufacturer’s instructions. The isolated RNA was treated
with DNase (RQ1 RNase-Free DNase, Promega, Madison,
WI) and Ribonuclease Inhibitor (Takara Shuzo, Kyoto,
Japan) in buffer (400 mM Tris—HCI, 100 mM NaCl, 60 mM

Gene Product length (bp) Sequence—forward primer; reverse primer GenBank accession number
Akt (PKB) 201 GGTGATCCTGGTGAAGGAGA; GCGTACTCCATGACAAAGCA M94335

BAX 215 AGCTGCAGAGGATGATTGCT; CTCTCGGAGGAAGTCCAGTG AJ582075.1

Caspase 9 205 GATGCTGTCCCCTATCAGGA; GGGACTGCAGGTCTTCAGAG NM 015733

p53 232 AAGGCGATAGTTTGGCTCCT; CTGGGGTCTTCCAGTGTGAT Y08900
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Table 2 Summary of the primer pairs for endogenous control (mouse glyceraldehydes-3-phosphate dehydrogenase, MG3PDH)

Gene Product length (bp)

Sequence—forward primer; reverse primer

Reference

MG3PDH 228

5'-GGCATTGTGGAAGGGCTCAT-3"; 5'-GACACATTGGGGGTAGGAACAC-3’

Boonmars et al. 2005

MgCl, and 20 mM ditheothreitol, pH 7.5). The treated
RNA was extracted and precipitated with phenol/chloro-
form and ethanol and dissolved in RNase-free water
(100 puL). The total RNA was reverse transcribed into
complementary deoxyribonucleic acid (cDNA) using
Oligo (dT)15 primers (Amersham Phamacia Biotech,
Piscataway, NJ) and Moloney Murine Leukaemia Virus
(Invitrogen, USA). The cDNA was kept at —20°C until
used.

SYBR Green real-time PCR assay

The real-time RT-PCR using the SYBR® Green method on
an ABIprism 7500 sequence detector system (Applied
Biosystems, Foster City, CA) was performed to analyse
the relative quantification of mRNA expression. The real-
time RT-PCR reaction contained 3 uL of 1:5 diluted
single-strand ¢cDNA, 1x PCR buffer (20 mM Tris—HCI
pH 8.3, 20 mM KCI, 5 mM (NH4),SO,), 10 mM
deoxynucleotide phosphates, 5 pmole forward and reverse
primer, 0.5 SYBR Green and 1 U of Hot start 7ag DNA
polymerase (MBI Fermentous, St. Leon-Rot, Germany).
The PCR-cycling conditions were 95°C for 10 min, then
40 cycles of 95°C for 15 s, 60°C for 30 s and 72°C for
1 min, followed by 72°C for 10 min. At each cycle, the
accumulated PCR products were detected by monitoring
the increase in fluorescence of the reporter dye from
double-strand DNA-binding SYBR Green. After PCR, a
melting curve was constructed in the range of 60 to 99°C.
All of the data were analysed using the Rotor Gene 5
software (Corbett, Australia). Relative expression of BAX,
Akt/PKB, p53 and caspase 9 mRNA was calculated using
the comparative Ct method as previously described
(Gerard et al. 1998). All values were normalized to the
G3PDH gene and reported as fold changes over back-
ground levels, detected in untreated control or before drug
treatment as a calibrator.

Statistical analysis

The data of relative gene expression levels in each group
were represented in three hamsters as mean+SD. The
statistical comparison between the normal control or
untreated control and the parziquantel-treated groups was
performed using a one-way analysis of variance, with
Duncan tests (SPSS v.11.5, USA; and EXCEL Microsoft,
USA). A p<0.05 was required for statistical significance.

Results
Pathological changes in OV infection

Figure 1 demonstrates that inflammation surrounding the
extra- and intra-hepatic bile ducts does not occur in the
uninfected group (Fig. 1a), while inflammation surrounding
the parasite was clearly observed on day 14 (Fig. 1b). The
severity of inflammation gradually increased and reached a
maximum on day 30 (Fig. lc) demonstrated by the
infiltration of mononuclear cells and eosinophils around
the intra-hepatic bile ducts. The inflammatory reactions
tended to decrease on day 90 post-infection. Lymphoid
follicles as well as plasma infiltration were predominant
and thickened, and dilated hepatic bile ducts were clearly
observed (Fig. 1d).

Pathological changes in hamster opisthorchiasis post
praziquantel treatment

Figure 2 shows the pathological changes in OV-re-infected
livers followed by praziquantel re-treatment. The fibrosis,

14 dpi

Fig. 1 Histopathological study of the livers of Opisthorchis viverrini-
infected hamsters. Uninfected control (a), OV-infected on 14 (b), 30
(¢) and 90 dpi (d), P parasite, Bd bile duct, asterisk, inflammatory cell.
Original magnification=x10
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Untreated control

12 hr

24 hr

Fig. 2 Histopathological study of the livers of Opisthorchis viverrini-
re-infected hamsters. Untreated control at 90 dpi (a), re-treated with
praziquantel at 6 h post-treatment (b), 12 h post-treatment (¢) and 24 h
post-treatment (d); P parasite, Bd bile duct, asterisk, inflammatory
cell. Original magnification=x10

surrounding the hepatic bile duct of OV-re-infected and
untreated control groups, was largest at 90 dpi with numerous
inflammatory cells (Fig. 2a). At 6 h post-treatment, most of
the parasites were killed, and the inflammatory cells
increased in number surrounding the parasites and the
hepatic bile ducts (Fig. 2b). The inflammatory cells
especially eosinophils, mononuclear cells and neutrophils
with lymphoid aggregation were predominant at 6 to 12 h
post-treatment (Fig. 2b,c). At 24 h post-treatment, parasites
could not be observed suggesting they were degraded
(Fig. 2d). It is interesting to note that the apoptotic cell
death (condense nucleus) were observed in all groups

(Fig. 3).

Relative real-time PCR of apoptosis-related gene
expression

Figure 4 shows that apoptosis-related gene expression in
uninfected control, OV-infected (14, 30 and 90 dpi) and
OV-re-infected praziquantel re-treatment (6, 12 and 24 h)
groups and the untreated control groups was observed in
the liver. The BAX expression was observed in all groups
but different in the expression level. The BAX gene
expression level increased on 14 dpi and tended to decrease
by 90 dpi and seemed to increase again at 6 and 12 h in the
OV-re-infected praziquantel re-treatment groups albeit not
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significantly (Fig. 4a). The highest expression level was
observed at 30 dpi. The caspase-9 gene expression profile
was the same as that of BAX gene, but the highest
expression level was observed 6 h post-treatment
(Fig. 4b). The p53 and Akt/PKB gene expression profiles
were similar to the BAX gene, but those increased by
14 dpi and tended to decrease by 90 dpi and significantly
increased again at 6 and 12 h in the OV-re-infected
praziquantel re-treatment group (Fig. 4c,d).

Discussion

The disadvantages of using praziquantel for parasitic
treatment have been obscured because of the well-known
advantages of praziquantel as an anti-trematode agent
(by destroying the parasite tegument; Apinhasmit and
Sobhon 1996). It is indeed effective in reducing the
pathology of parasitic infection such as shistosomiasis
(Richards et al. 1989; Richter 2000) and opisthorchiasis
(Pungpak et al. 1998). It also reduces free radicals and
nitric oxide (NO) products induced by OV-infection
(Pinlaor et al. 2004a, b). Recently, Pinlaor et al. (2006)
reported that after praziquantel, no effect on cell damage
through the pathological changes and inducible NO
synthase-dependent DNA damage via nuclear factor-
kappaB expression was observed for a long time.
Notwithstanding praziquantel’s effectiveness in killing
parasites, it may have uninvestigated, serious, short-
duration post-treatment disadvantages. We sought to
determine which key points may reveal the effect of
praziquantel on cell damage.

“.." . o ;“t"‘\ 8 Ay i
Fig. 3 High magnification of apoptosis in the hamster opisthorchiasis
and praziquantel-re-treated liver sample. Bd Hepatic bile duct, arrow,
apoptotic cell death (condense nucleus). Original magnification=x40
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a

Expression level (folds)

o

Expression levels (folds)

(2]

Expression level (folds)

Expression level (folds)

(7) and 24 h post-treatment (8). Values are given as mean+SD from

BAX gene e:::;s;:g: velrelative It is well established that OV infection induces host
immunologic activities, parasite-specific responses and/or
‘- b parasite products and NO synthesis in human and animal
36 models (Pinlaor et al. 2004a, b), which is why we observed
3 {‘ the aggregation of inflammatory cells 30 dpi. In the case of
2.5 4 praziquantel treatment, large numbers of inflammatory cells
24 a a a a were observed 6 h post-treatment, when the broken
154 4 T a | a tegument resulted in leakage of parasite waste products,
L 4 which might trigger a host immune response. Enlargement
0.51 ﬂ of the hepatic bile duct was observed after prolonged
o j ' 3 ' 5 ' i ' 3 ' i ' j ' i ' infection in a time-dependent manner (Sripa 2003; Pinlaor
— et al. 2006). Apoptosis was observed in T cells and the
nuclei of bile duct epithelial cells (Fig. 3). The most
Caspase9 expression level relative to MG3PDH important point of our study is that increasing apoptosis-
related gene expression level was indirectly induced by
67 ¢ praziquantel treatment through the host immune response
5 1 5 inflammatory cells.
a The normally apoptotic mitochondrial pathway starts
i d from increased BAX, which induces opening of the outer
C membrane pore of the mitochondria so that cytochrome ¢
21 b b b would be released and bind with Apafl and caspase 9
11 é |‘I‘| b Pj a causing the cell death cascade. There are many kinds of
0 : ; : [l - ; : == apoptotic gene regulators (either/or inhibitors or anti) in
411 2 3 4 5 6 7 8 each. pathway (i.e. BCL-2., MDMZ), anq Akt/PKB is one
o— that is well-known for inhibiting apoptosis through caspase
9 (Boonmars et al. 2004; Lodish et al. 2000).
p53 gene expression level relative Thus far, our present results suggest a possible way of
to MG3PDH increasing cell death through the apoptotic mitochondrial
pathway and its inhibitor in opisthorchiasis and opisthorch-
4 1 d iasis treated with praziquantel. Antigenic materials released
35 1 from broken-down parasites increase the host immune
3] response as demonstrated by the aggregation of inflamma-
25 A1 C . . ] .
24 a tory cells and increasing free radicals surrounding the
15 - a a b a - a infected area (Pinlaor et al. 2006). DNA damage and
1 4 fragmentation would immediately increase the predisposing
05 ’_I_’ r| H |_l_1 |{_| m of cells to apoptosis, which would lead to increase
0 ' R T y ' T ' expression of apoptosis-related gene expression (i.e. BAX,
L B 3 4 5 6 7 8 caspase 9, p53 and Akt/PKB) to nearly the same as the
Groups infected control group.
Our real-time RT-PCR result (Fig. 4) shows that after
PKB gene expression level relative OV infection, the apoptotic genes (i.e. BAX, caspase9,
to MG3PDH p53) and anti-apoptotic gene (Akt/PKB) expression levels
were significantly increased at day 30 because of
59 ¢ increasing inflammatory cells surrounding the hepatic bile
] &
3 b
a < Fig. 4 The relative real-time RT-PCR has shown that the BAX (a),
21 a4 a a a caspase-9 (b), p53 (c¢) and PKB (d) expression level (folds) relative to
’_I_‘ ’_h a MG3P"DH. Uninfected control (/), 'OV—infected.on 14 (2), 30 (3),
11 90 dpi (4), Untreated control at 90 dpi (5), OV-re-infected followed by
i ’-H |_]-| . |-E| . ’ . I_I-l . praziquantel re-treatment at 6 h post-treatment (6), 12 h post-treatment
1 2 4 5 7 8

Groups

three hamsters in each group. Values not sharing a common
superscript letter differ significantly at P<0.05". Duncan procedure
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duct (Fig. 1). It is surprising to note that the expression
level of apoptotic genes and the anti-apoptotic gene in the
praziquantel-treated group at 6 h were similar to that of
those treated 30 dpi because of increasing inflammatory
cells. This present report may be the first to document
these pathological changes after praziquantel treatment.

Data supporting the increased aggregation of inflam-
matory cells and free radicals inducing increased apopto-
sis-related genes have been reported (Kuwano and Hara
2000; Kim et al. 2002) with respect to 7. spiralis infection
in mouse muscle where the expression of apoptosis-related
genes (BAX, caspase 9, Apaf-1, caspase 3 and Akt/PKB)
occurred during aggregation of inflammatory cells in the
early stages of infection. Subsequently, the levels were
reduced to near the uninfected control after completed
capsule formation with only a few inflammatory cells
being observed (Boonmars et al. 2004; Wu et al. 2005a, b).

The immune system can result in excessive tissue re-
modelling, loss of tissue architecture because of tissue
destruction, protein and DNA alterations because of oxida-
tive stress and, under some circumstances, increase risk of
cancer development. Chronic inflammation is also a risk
factor for cancer development included in CCA (Shacter and
Weitzman 2002). Repeated healing may cause DNA or
protein mutation leading to cancer development. People,
especially in Northeast Thailand, are re-infected and re-
treated many times, indicating repeated tissue repairs, which
may bring about gene mutation and CCA development. This
new finding indicates a caveat on repeated praziquantel
treatments, as praziquantel may be associated with CCA
development by inducing the host immune response. Further
studies are needed to explore this hypothesis.
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