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Abstract The oxidized alpha-1 antitrypsin (ox-A1AT) is
one modified form of A1AT, generated via oxidation at its
active site by free radicals released from inflammatory cells
which subsequently are unable to inhibit protease enzymes.
The presence of ox-A1AT in human serum has been used as
oxidative stress indicator in many diseases. As oxidative/
nitrative damage is one major contributor in opisthorchiasis-
driven cholangiocarcinogenesis, we determined A1AT and
ox-A1AT expression in human cholangiocarcinoma (CCA)
tissue using immunohistochemical staining and measured
serum ox-A1AT levels by ELISA. A1AT and ox-A1ATwere

found to be expressed in the tumor of CCA patients. The
group with high expression has a significant poor prognosis.
Serum levels of ox-A1AT were also significantly higher in
groups of patients with heavy Opisthorchis viverrini infec-
tion, advanced periductal fibrosis (APF) and CCA when
compared with healthy controls (P<0.001). Odds ratio
(OR) analysis implicated high ox-A1AT levels as a risk
predictor for APF and CCA (P<0.001; OR0140.5 and
22.0, respectively). In conclusion, as APF may lead to
hepatobiliary diseases and an increased risk of CCA devel-
opment, our results identified ox-A1AT as a potential risk
indicator for opisthorchiasis-associated CCA. This marker
could now be explored for screening of subjects living in
endemic areas where the prevalence of opisthorchiasis still
remains high.
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Introduction

Chronic inflammation induced by liver fluke (Opisthorchis
viverrini) infection is the major risk factor for cholangiocar-
cinoma (CCA) in Northeastern Thailand. Although over
time the prevalence of opisthorchiasis in the Northeast has
gradually decreased due to mass treatment programs by the
anti-trematode drug praziquantel, the incidence rate of CCA
appears to remain unchanged in the endemic region [1–3].
Cholangiocarcinogenesis is a slow-progress tumor— which
normally it takes at least 20–40 years for a patient to develop
signs and symptoms, making CCA a highly mortal tumor,
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because they are clinically silent in the majority of cases and
are not detected early in most patients. Thus, the identifica-
tion and validation of biomarkers that could be used in
screening of subjects at high risk for O. viverrini-induced
hepatobiliary disease and CCA are urgently needed.

The mechanism that governs the pathogenic effects of
inflammation and immunity in liver fluke-associated chol-
angiocarcinogenesis has been recently reviewed [4]. Cellu-
lar damage caused by oxidative and nitrative stress during
chronic infection appears to be a key event in O. viverrini-
induced carcinogenesis which is further enhanced by an
imbalanced oxidant/anti-oxidant system during re-
infections [5]. We have demonstrated that infiltration of
inflammatory cells triggered by repeated O. viverrini infec-
tion occurred earlier and more pronounced than after a
single infection, resulting in altered liver enzyme activities
[6, 7]. Hamsters which received repeated O. viverrini infec-
tions coupled with repeated praziquantel treatment showed
an increased expression of apoptosis-related genes, which
was associated with an increase in inflammatory cells sur-
rounding the bile ducts [8, 9]. After O. viverrini infection,
there was also a time-dependent increase in periductal fibro-
sis. The expression of matrix metalloproteinases (MMPs) is
associated with an early phase inflammatory reaction while
at the late phase tissue inhibitors of MMPs (TIMPs) expres-
sion may contribute to peribiliary fibrosis and liver injury
[10]. Re-infection of subjects in endemic areas occurs more
likely after praziquantel treatment and frequently leads to
periductal fibrosis, hepatobiliary disease and subsequent
CCA development [11, 12].

Several cellular proteins in human CCA tissue were found
to be carbonylated that are generated via oxidative damage.
Among those is alpha-1 antitrypsin (A1AT) which, after car-
bonylation, undergoes a conformational change leading to
protein dysfunction. Its involvement in the progression of
CCA has been suggested [13]. A1AT, present in human se-
rum, is a secretory glycoprotein and a typical serine proteinase
inhibitor. Additionally, A1ATcan have broader functions such
as anti-oxidant activity by oxidation with oxidizing agents and
anti-inflammatory properties to the regulation of neutrophil-
mediated lung inflammation. A1AT can also be oxidized by
free radicals released from inflammatory cells, resulting in
protein dysfunction. The major cause for the loss of activity
is the oxidation of methionine 351 and 358 residues, a reaction
incriminated in many diseases [14]. In addition, the oxidized
A1AT (ox-A1AT) leads to the imbalance between A1AT and
proteases, which can cause tissue damage and could play a
role in the pathogenesis of inflammatory chronic degenerative
diseases [15].

Since CCA development is associated with chronic in-
flammation caused by liver fluke infection, consequently
free radicals are released resulting in oxidative/nitrative
stress and oxidation of biomolecules, including proteins.

The amino acid residues at an active site of A1AT are easily
damaged and ox-A1AT can be secreted into blood circula-
tion. To further support this hypothesis; in this study we
determined the expression of A1AT and ox-A1AT in human
CCA tissue specimens. We also measured ox-A1AT levels
in serum of CCA patients, and in high risk groups for CCA
development that included patients with O. viverrini infec-
tion and patients with advanced periductal fibrosis (APF).
The use of serum ox-A1AT as a potential risk marker to
predict O. viverrini-associated hepatobiliary diseases as well
as CCA was evaluated.

Materials and methods

Human CCA tissue and serum specimens

The paraffin-embedded CCA tissues and sera of patients
(n042) were obtained from the biospecimen bank of the
Liver Fluke and Cholangiocarcinoma Research Center, Fac-
ulty of Medicine at Khon Kaen University. Samples with
other disease conditions related to inflammation, including
hepatoma (n08), acute cholangiohepatitis (n01), cystade-
nocarcinoma (n01), chronic bile duct dilation (n01), chron-
ic inflammation (n012), ascending cholangitis (n01), acute
pancreatitis (n01), focal and diffused inflammatory reaction
of the gall bladder (n03), granulomatous inflammation
(n02) and chronic hepatitis (n02) were also recruited for
this study. All surgical tissue samples were histopathogi-
cally ascertained.

Sera were obtained from subjects living in the Phu Wiang
district, nearby Khon Kaen, Thailand. They were collected
from the following groups: (1) healthy controls (n020), with
no history of O. viverrini infection as proven by negative test
results for O. viverrini antibody and the absence of parasite
eggs in feces; (2) group of O. viverrini-infected patients with-
out periductal fibrosis (n038) who were positive for O. viver-
rini-egg count (<1,000 epg) and its antibody; (3) heavily O.
viverrini infected patients (egg count >1,000 epg, n05); and
(4) patients with APF (n027). Subjects with or without peri-
ductal fibrosis were examined by abdominal ultrasonography.
Grading of the fibrosis was defined as follows: grade 0 when
no echoes were observed in any segment of the liver; 1+ when
echoes were observed in one segment; 2+ when echoes were
observed in two or three segments and 3+ when echoes were
observed in more than three segments. APF patients were
defined when the ultrasound grading was grade 2+ and 3+
[16]. Obese, diabetic and patients with chronic viral hepatitis
infection and tuberculosis were excluded from the study. In
addition, to exclude urinary tract infection and/or related
inflammatory diseases, we tested the morning urine of all
subjects for the presence nitrate/nitrite by using urinary test
kits. Positive results were also part of the exclusion criteria.
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The protocol of collection and study design were approved by
Ethic Committee for Human Research, Khon Kaen University
(HE551303). Informed consent was obtained from each sub-
ject. Biological samples were kept frozen at −20 °C until use.
The characteristics of study participants are listed in Table 1.

Immunohistochemical detection of A1ATand ox-A1AT in CCA
tissue samples

The paraffin embedded CCA tissues were deparaffinized and
rehydrated with stepwise decreasing concentration of ethanol.
The sections were then submerged into 10 mM citrate buffer
pH 6.0 under high power (800 W) for 10 min, then sections
were immersed for 30 min in 3 % (v/v) hydrogen peroxide for
endogenous hydrogen peroxide activity blocking and non-
specific binding was blocked by 5 % bovine serum albumin
(BSA) for 30 min. Sections were then incubated with the
primary antibody specific to A1AT (Abcam Plc, Cambridge,
UK) or ox-A1AT (Ikagaku Co. Ltd, Kyoto, Japan) followed by
peroxidase conjugated secondary antibody. After that, the color
was developed with 3,3′-diaminobenzidine tetrahydrochloride
(DAB) as substrate and then counterstained with Mayer’s he-
matoxylin. The staining frequency of A1AT and ox-A1ATwas
semiquantitatively scored based on the percentage of positive
cells as: 0 %0negative; 1–25 %0+1; 26–50 %0+2;
and >50 %0+3. The staining intensity in tumor cells was
scored as weak01, moderate02 and strong03. Low and high
expression scores were calculated by multiplying the frequency
score with intensity score, and was classified into three catego-
ries: 0, negative; 1–3, low expression; 4–9, high expression.

Double-immunofluorescence assay for A1AT and ox-A1AT

The co-localization of A1AT and ox-A1AT in CCA tissues
was investigated by double-immunofluorescence technique.
In brief, sections were incubated with mouse anti-ox-A1AT
and rabbit anti-A1AT antibody, followed by incubation with
Alexa 488 donkey anti-rabbit IgG and Alexa 555 donkey

anti-mouse IgG (Invitrogen, California, USA) using a fluo-
rescence microscope for analysis (Carl Zeiss, Germany).

ELISA methods for ox-A1AT detection

For the sandwich ELISA procedure, 96-well microtiter plates
were coated with anti-A1AT antibody at a dilution of 1:8,000
in coating buffer (0.05 M carbonate buffer, pH 9.6) and kept
overnight at 4 °C. The plates were then washed with washing
buffer and uncoated sites were blocked with a solution of 5 %
BSA in PBS. After incubation for 1 h at 37 °C, wells were
emptied, washed and loaded with serum samples at a dilution
of 1:100 and incubated at 37 °C for 1 h. After washing, wells
were loaded with ox-A1ATantibody at a dilution of 1:500 and
incubated at 37 °C for 2 h. Then, peroxidase-conjugated goat
anti-mouse IgG (dilution 1:2,500; Bio-Rad, USA) was added
and incubated for 45 min at 37 °C. The plates were washed
and incubated with a substrate o-phenylenediamine dihydro-
chloride (OPD) (Zymed, California, USA) for 30 min at room
temperature, and the optical density (OD) was measured at
492 nm with an ELISA reader (Tecan Sunrise Absorbance
Reader, Austria).

The concentration of serum ox-A1AT was analyzed by
indirect ELISA. The plates were coated with 100 μl serum
samples at a dilution of 1:100 and incubated overnight at 4 °C.
Then, wells were blocked by 5 % BSA for 1 h at 37 °C. After
washing, 100 μl of diluted primary antibody were added and
incubated for 2 h at 37 °C. After washing, 100 μl of
goat anti mouse IgG-HRP (Bio-Rad, USA) were added
and incubated for 45 min at 37 °C. Then, wells were
washed and incubated with 100 μl of OPD substrate for
30 min at room temperature. The reaction was stopped
with 100 μl of 4 N H2SO4 and measured on an ELISA
reader at the absorbance of 490 nm.

Additionally, the concentration of serum A1AT was de-
termined by sandwich ELISA using commercial sandwich
ELISA kit (GenWay Biotech, Inc., USA) according to the
manufacturer’s instructions.

Table 1 Characteristics of study subjects

Characteristics Healthy
(%)

O. viverrini infection without
fibrosis <1,000 epg (%)

O. viverrini infection without
fibrosis >1,000 epg (%)

APF
(%)

Other diseases
(%)

CCA
(%)

Total (n) 20 33 5 27 32 42

Sex

Male 6 (30.0 %) 19 (57.6 %) 2 (40.0 %) 18 (66.7 %) 23 (71.9 %) 26 (61.9 %)

Female 14 (70.0 %) 14 (42.4 %) 3 (60.0 %) 9 (33.3 %) 9 (28.1 %) 16 (38.1 %)

Age (years)

20–29 0 (0.0 %) 0 (0.0 %) 0 (0.0 %) 1 (3.7 %) 0 (0.0 %) 0 (0.0 %)

30–39 0 (0.0 %) 4 (12.1 %) 1 (20.0 %) 4 (14.8 %) 0 (0.0 %) 2 (4.8 %)

40–49 6 (30.0 %) 15 (45.5 %) 1 (20.0 %) 3 (11.1 %) 7 (21.9 %) 4 (9.5 %)

≥50 14 (70 %) 14 (42.4 %) 3 (60 %) 19 (70.4 %) 25 (78.1 %) 36 (85.7 %)
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Statistical analysis

Statistical analyses were performed using SPSS software
V.15. Data are represented as mean±SD. The associa-
tion of A1AT and ox-A1AT expression in tissues and
clinical–pathological data of patients were analyzed by
Fisher’s exact test. Survival curves were calculated
according to the Kaplan and Meier method. The diag-
nostic performance of ox-A1AT was evaluated using a
receiver operating characteristic (ROC) curve analysis,
and area under the ROC curve (AUC) with 95 % (CI)
was calculated and then the optimal cut-off OD value
for ox-A1AT levels were selected to balance sensitivity
and specificity. Odds ratios (OR) were calculated to
determine the association between cross-sectional data
to predict the possible risk factors and disease outcome.
Correlations between serum A1AT and ox-A1AT level
in all groups were determined by calculating Pearson’s
correlation coefficients. A P value <0.05 was considered
statistically significant.

Results

Immunohistochemical analysis of A1AT and ox-A1AT
in human CCA tissues

The mean age of the 42 CCA patients under study (27 males
and 15 females) was 57.2±9.5 years (range, 37–82 years).
Immunoreactivity of both A1AT and ox-A1AT was restrict-
ed to the cytoplasm in all positive cases. The expression of
both proteins was higher in tumor cells and was only weakly
expressed in normal bile duct epithelia (Fig. 1a). Immuno-
histochemical staining for A1AT showed high expression in
24 cases (57.1 %) and high expression of ox-A1AT in 20
cases (47.6 %) of CCA patients. Table 2 shows that 18 cases
(42.9 %) showed high expression of both forms and 16
cases (38.1 %) low expression being statistically significant
(P<0.001). Neither an increased level of A1AT nor ox-
A1AT was associated with age, gender or histological grad-
ing. No difference was found between the level of A1AT and
survival time. However, high expression of ox-A1AT levels
in tumor tissues significantly correlated with poor prognosis
(P00.031) (Fig. 1b).

Co-localization of ox-A1AT and A1AT in CCA tissues

The localization of A1AT and ox-A1AT in CCA tissue was
compared as shown in Fig. 1c. The cellular compartments
containing A1AT (green) and ox-A1AT (red) were similar.
Our results demonstrated that these proteins co-localized
(yellow) in the cytoplasm. Interestingly, some A1AT was
oxidized and appeared as ox-A1AT form.

Detection of ox-A1AT by sandwich ELISA in serum

Serum ox-A1AT levels in the groups investigated are pre-
sented in Fig. 2a as box and whisker plots. CCA patients
had significantly higher serum ox-A1AT level than other
groups with inflammation-related diseases (P<0.001). CCA
patients showed no differences as compared to healthy con-
trols. However, the increase vs. controls of ox-A1AT levels
in APF patients (P<0.001), in subjects with O. viverrini
infection >1,000 epg (P<0.001) and in patients with other
diseases (P<0.001) was significant in all three groups.
Area under the ROC curve (AUC) between APF patients
and healthy subjects was 0.716 (95 % CI, 0.565–0.838;
P00.003) which was significantly higher than cut-off
value (0.5) (Fig. 2b). For CCA vs. controls the AUC
value was 0.581 (95 % CI, 0.449–0.705 P>0.05)
(Fig. 2c). The sensitivity and specificity of the serum
ox-A1AT level for identifying APF were 85.1 % and
55 % and those for detecting CCA were 35.7 % and
90 %, respectively (Table 3).

Detection of serum ox-A1AT by indirect ELISA

Indirect ELISA was used to compare ox-A1AT detection
with sandwich ELISA in serum. Ox-A1AT level in CCA
was significantly different from O. viverrini infected sub-
jects without fibrosis and from healthy controls (all P<
0.001) (Fig. 2d). Moreover, ox-A1AT levels in sera of
CCA cases, of patients with APF or other diseases, and in
the group of O. viverrini infection >1,000 epg were much
higher than in healthy controls (all P<0.001). To evaluate
the diagnostic OD value of serum ox-A1AT level, the ROC
curve was constructed based on the sensitivity and specific-
ity of the biomarker at different cut-off points, so to differ-
entiate APF and CCA patients from healthy subjects. The
AUC value for identifying APF was 0.983 (95 % CI, 0.894–
0.996; P<0.001) (Fig. 2e). The best cut-off OD value of
serum ox-A1AT level for identifying APF was 0.209 (P<
0.001). The sensitivity and specificity at this cut-off value
were 96.3 % and 90 %, respectively. AUC between CCA
and healthy controls was 0.818 (95 % CI, 0.699–0.904; P<
0.001) (Fig. 2f), and the cut-off OD value was 0.12 (P<
0.001), yielding a high sensitivity and specificity of 81 %
and 80 %, respectively (Table 4). Additionally, we measured
serum A1AT levels using commercial sandwich ELISA kits,
no difference was found between the groups studied (data
not shown).

Predictive values of serum ox-A1AT level measured
by indirect ELISA for diagnosis of CCA

The efficacy of serum ox-A1AT level measured by indirect
ELISA for screening of CCA based on the optimal cut-off
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obtained from ROC analysis is presented in Table 4. ROC
curve analysis revealed that the ox-A1AT level could be used
to distinguish between the following groups: healthy subjects
and heavy O. viverrini infection (P<0.001, AUC00.950),
healthy and APF (P<0.001, AUC00.983), healthy and other
diseases (P<0.001, AUC00.913) and healthy and CCA (P<

0.001, AUC00.818). The ox-A1AT levels between paired
subjects of other disease groups were also analyzed but
revealed no statistical significance.

Predictive risk values (OR) of ox-A1AT levels for APF
and CCA

In order to determine whether high levels of ox-A1AT could
be used to predict the risk for CCA, we calculated crude and
adjusted odds ratios (Table 5). A high ox-A1AT level was a
significant predictor to distinguish healthy subjects from APF
group (OR crude0104, OR adjusted0140.5; P<0.001),
healthy from CCA group (OR crude017, OR adjusted022,
P<0.001). Importantly, high ox-A1AT could discriminate
healthy from APF and CCA (OR crude015.71; P<0.001,
OR adjusted022.38; P<0.001).

Fig. 1 Immunohistochemistry of A1AT (upper panels) and ox-A1AT
(lower panels) in CCA tissues. The expressions of both proteins were
higher in tumor cells whereas it was weakly expressed in normal bile
duct epithelia from cadaveric donors. a The expression level of A1AT
and oxidized A1AT in CCA cases were classified as low and high
levels according to the staining intensity and frequency score. Original

magnification is ×40. b The survival curves calculated for ox-A1AT
according to Kaplan–Meier, with a log-rank test (P00.031). c Co-
localization of A1AT and ox-A1AT by double-immunofluorescence.
Original magnification: ×20 and ×40. (CCA low low expression of
A1AT and ox-A1AT in CCA tissue; CCA high high expression of
A1AT and ox-A1AT in CCA tissue)

Table 2 Grading of A1AT and ox-A1AT expression in high and low in
the same CCA sample

ox-A1AT expression A1AT expression

Low High

Low 16 cases (38.1 %)* 6 cases (14.3 %)

High 2 cases (4.8 %) 18 cases (42.9 %)*

*P<0.001 (Fisher’s exact test)

Tumor Biol. (2013) 34:695–704 699



Fig. 2 The distribution of serum ox-A1AT level each group is shown
in box and whisker plots. Data are representative as mean ± SD.
*Significantly higher than the healthy group (P<0.001), **significant-
ly higher than other diseases (P<0.001), but not different between
themselves (Student’s t-test). a Ox-A1AT level was determined by
sandwich ELISA. ROC curves in patients with APF to healthy subjects

(b) and CCA to healthy (c) were constructed. Serum ox-A1ATwas also
analyzed by using indirect ELISA (d) and ROC curves in patients with
APF and CCA to compare with healthy group were represented in e
and f, respectively. Area under ROC curve (AUC) and statistic com-
parison are indicated

700 Tumor Biol. (2013) 34:695–704



Correlation between A1AT and ox-A1AT in serum of CCA
patients

Analysis of A1AT and ox-A1AT levels in serum by linear
regression (Fig. 3) revealed that ox-A1AT was negatively
correlated with A1AT (r0−0.586, P<0.001). The decrease
in serum A1AT reflects its progressive oxidation to ox-
A1AT which we have detected in serum of CCA patients.

Discussion

This is the first study to demonstrate an A1AT and ox-A1AT
overexpression in surgical CCA tissue sample. Immunohisto-
chemical analysis revealed that A1AT and ox-A1AT was
weakly present in normal bile duct epithelial whereas their
expression was significantly increased in tumor cells. No
correlations were found with age, gender, histological type
and metastasis stage in the CCA patients. Cumulative survival
analysis demonstrated that CCA patients with high expression
of ox-A1AT had a significantly poorer prognosis (P00.03).
These data further support that high ox-A1AT is associated
with CCA progression, leading to an accumulation of oxi-
dized proteins as a consequence of excess of oxidative stress
during O. viverrini-related cholangiocarcinogenesis. We also
observed a co-localization of A1AT and ox-A1AT in human

CCA tissues by double-immunofluorescence. Figure 1c dem-
onstrates that some A1AT was oxidized and appeared as ox-
A1AT.

One of the most difficult tasks in treating CCA is a lack of
effective tests to diagnose and screen for patients with CCA.
The current early detection of CCA is an important way to
decrease mortality rate. Recently, there are reports demonstrat-
ed that platelet-derived growth factor alpha (PDGFA) [17] and
extracellular protein kinase A (ECPKA) autoantibody [18] are
involved in the tumorigenesis of CCA and possibly be a
biomarker for diagnosis and predicting the risk of CCA,
respectively. Various markers such as CEA and CA 19-9 are
common tumor markers used for detecting CCA. Their sensi-
tivity is low because they can be elevated in the setting of
other gastrointestinal or other bile duct pathologies [19]. In
our series, we found that the sensitivity was 81 % and the
specificity was 80 % for serum ox-A1AT level. Moreover, we
have evaluated and compared sandwich and indirect ELISA
for the detection of ox-A1AT in serum. The indirect test had a
greater sensitivity than sandwich test (81 % and 35.7 %,
respectively) to distinguish CCA from healthy and specificity
of them were 80 % and 90 %, respectively. In addition,
indirect ELISA was higher both of sensitivity and specificity
when compared with sandwich ELISA to differentiate APF
from healthy (Table 2). The level of ox-A1AT in healthy
control was higher than O. viverrini infected group, one

Table 3 Performances of serum ox-A1AT detection by ELISA for diagnosis of APF and CCA

Comparative diagnosis Method Cut-off OD Sensitivity
(95 % CI)

Specificity
(95 % CI)

PLR
(95 % CI)

NLR
(95 % CI)

P value

Healthy vs. APF sELISA >0.105 85.1 (66.3–93.7) 55 (31.6–76.9) 1.89 (1.1–3.2) 0.27 (0.1–0.7) 0.004

iELISA >0.209 96.3 (81.0–99.4) 90 (68.3–98.5) 9.63 (2.6–35.9) 0.04 (0.0–0.3) <0.001

Healthy vs. CCA sELISA >0.327 35.7 (21.6–52.0) 90 (68.3–98.8) 3.57 (2.3–5.5) 0.71 (0.2–2.7) 0.289

iELISA >0.120 81 (65.9–91.4) 80 (56.3–94.3) 4.05 (3.1–5.3) 0.24 (0.1–0.7) <0.001

sELISA sandwich ELISA, iELISA indirect ELISA, 95 % CI confidence interval, PLR likelihood ratio for a positive result, NLR likelihood ratio for a
negative result

Table 4 Predictive values of serum ox-A1AT levels measured by indirect ELISA for diagnosis of APF and CCA, based on the cut-off points
obtained from ROC analysis

Group comparisons AUC (95 % CI) Cut-off OD Sensitivity Specificity P value

Healthy vs. APF 0.983 (0.894–0.996) 0.209 96.3 90.0 <0.001

Healthy vs. CCA 0.818 (0.699–0.904) 0.120 81.0 80.0 <0.001

Healthy vs. O. viverrini-infection (>1,000 epg) 0.950 (0.782–0.998) 0.209 100.0 90.0 <0.001

Healthy vs. other diseases 0.913 (0.825–0.982) 0.140 96.9 85.0 <0.001

Healthy vs. O. viverrini infection without fibrosis 0.586 (0.449–0.713) 0.065 50.0 70.0 0.267

O. viverrini infection (>1,000 epg) vs. CCA 0.500 (0.351–0.649) 0.286 61.9 20.0 1.000

APF vs. CCA 0.554 (0.429–0.674) 0.236 35.7 96.3 0.440

Other diseases vs. CCA 0.568 (0.448–0.683) 0.609 47.6 87.5 0.307

AUC area under the ROC curve
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possible explanation is that normal controls were also living in
the endemic area of liver fluke infection and some may have
inflammatory condition which could not be detected in this
study. Indirect ELISA differs from sandwich ELISA in that
antigen is bound directly to the polystyrene surface, thus it is
directly affected by the binding event. Consequently, we
suggested that indirect ELISA could be as a screening method
and useful as routine serum ox-A1AT detection because time
and cost of analysis are considerably reduced.

Our study shows that the levels of ox-A1AT were higher
in group of heavy O. viverrini infection, APF and CCA
patients than those in O. viverrini infection without fibrosis
and healthy subjects. This is also evidenced by the high
expression of A1AT and ox-A1AT in CCA tissues. The
present results indicated that ox-A1AT may lead to a con-
formational change and protein dysfunction. Notably, serum
ox-A1AT level was increased in opisthorchiasis and corre-
lated with fibrosis. We have also calculated the cut-off OD
value of serum ox-A1AT level to distinguish and predict the
risk of APF and CCA from healthy controls (Table 3). The
high ox-A1AT level in healthy is predictable for APF and

CCA risks (P<0.001; OR0140.52 and 22.03, respectively).
The higher OR in APF group when compared with CCA
group may be explained that ox-A1AT plays an active role
during tissue remodeling and fibrosis as depicted in Fig. 4.
In humans, APF may lead to hepatobiliary diseases and an
increased risk of CCA development. Therefore, ox-A1AT is
a potential biomarker to predict the risk of opisthorchiasis-
associated CCA. The level of ox-A1AT is also detected in
patients with rheumatic diseases and bronchiectasis, indicat-
ing the involvement of free radicals [20, 21]. Inactivation of
A1AT with subsequently enhanced proteolysis, has been
involved in the probably promotes local inflammatory pro-
cesses, including uncontrolled degradation of connective
tissues. Ueda and coworkers reported that the ox-A1AT
was also detected in the serum of patients with inflammatory
diseases, indicating the involvement of oxidative stress [22].
Previously, ox-A1AT was reported in plasma of patients
with heart failure, which biological function is altered due

Table 5 Predictive risk values (ORs) of advanced periductal fibrosis (APF) and CCA relative to healthy subjects based on serum ox-A1AT levels

Group comparisons Crude OR 95 % CI (P value) ORa adjusted 95 % CI (P value)

Healthy vs. APF

ox-A1AT OD >0.209 vs. ≤0.209 104.00 10.65–1014.82 (<0.001) 140.52 9.93–1987.76 (<0.001)

Healthy vs. CCA

ox-A1AT OD >0.120 vs. ≤0.120 17.00 4.45–64.87 (<0.001) 22.03 4.79–101.31 (<0.001)

Healthy vs. APF and CCA

ox-A1AT OD >0.221 vs. ≤0.221 15.71 4.53–54.45 (0.017) 22.38 5.36–93.46 (<0.001)

OR odds ratio, CI confidence interval, APF advanced periductal fibrosis, CCA cholangiocarcinoma
a Odds ratio adjusted for age and sex statistical analysis

Fig. 3 Inverse correlations between A1AT and ox-A1AT levels in sera
from CCA patients (P<0.001). The levels of serum A1AT and ox-A1AT
were analyzed by sandwich ELISA and indirect ELISA, respectively

Fig. 4 A possible link of ox-A1AT in relation to O. viverrini-
associated cholangiocarcinoma development. (ROS reactive oxy-
gen species, RNS reactive nitrogen species, A1AT alpha-1 anti-
trypsin, MMPs matrix metalloproteinases, TIMPs tissue inhibitor
of MMPs, CCA cholangiocarcinoma)
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to endothelial damage [15]. Additionally, we examined the
correlation between A1AT and ox-A1AT in serum, we found
that the level of ox-A1AT was negatively correlated with
A1AT level (r0−0.586, P<0.001). The evidence is sup-
ported by the report of Izumi-Yoneda et al. [23], who
showed that the concentration of A1AT was decreased in
the amniotic fluid, which is related to an inflammatory
reaction in those cases. This may be explained by the
increased level of ox-A1AT [23].

A1AT has some sulfur-containing amino acid (Met 351
and 358) residues at the active site that are most susceptible
to oxidation, and also resulting in loss of serine protease
inhibitory capacity [14]. Serine protease inhibitors play an
important role in modulation of the inflammatory response
and are involved in tumor growth and invasiveness [24, 25].
Serine proteases released by neutrophil trigger a protease
cascade that entails activation of proMMP-2, an enzyme
involved in tumor invasion and angiogenesis [26]. Active
forms of MMP-2 and MMP-9 were high in both sera and
liver tissue not only in O. viverrini-infected hamsters [10]
but also in sera of CCA patients [27]. Taken together, our
model implies that chronic inflammation induced by O.
viverrini infection leads to protein damage, including ox-
A1AT which cannot inactivate proteases activity, resulting
in pro-MMPs activation. Finally, tissue remodeling and
severe fibrosis occurs during opisthorchiasis-driven cholan-
giocarcinogenesis, thus ox-A1AT might play role in CCA
development as shown in Fig. 4.

In conclusion, although further studies are required to
elucidate the mechanism and role of ox-A1AT expression
in CCA, we confirmed that high expression of oxidized
A1AT is significantly correlated with a poorer prognosis
of CCA patients. Our results indicate that serum ox-
A1AT level using indirect ELISA is a potential biomark-
er to screen and predict the risk of opisthorchiasis-related
CCA development.
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