
INTRODUCTION

Biliary tract cancers (BTCs), including gallbladder cancer 
(GBC), ampullary carcinoma (AC), and extra-cholangiocar-
cinoma (eCCA), are rapidly growing tumors that are usually 
lethal (de Groen et al., 1999; Anderson and Kim, 2009; Javle 
et al., 2016). One of the reasons for this is the lack of bio-
markers for early diagnosis. Moreover, differentiating between 
malignant and benign biliary strictures remains challenging, 
and invasive endoscopic and percutaneous tissue acquisition 
have limited diagnostic accuracy (Eloubeidi et al., 2004; De-
Witt et al., 2006). Therefore, novel and reliable biomarkers are 
required for early diagnosis. 

The bile duct plays a crucial role in the formation and se-

cretion of bile, as well as the excretion of circulating xeno-
biotic substances. In addition to its secretory and excretory 
functions, the bile duct epithelium plays an important role in 
the formation of a barrier to the diffusion of toxic substanc-
es from the bile into the hepatic interstitial tissue (Rao and 
Samak, 2013). The main components of bile are water, bile 
salts, bile pigments, and cholesterol (Boyer, 2013). Bile pig-
ments are endogenous, colored breakdown products of the 
blood pigment hemoglobin that is excreted in bile (Pimstone 
et al., 1971). The two most important bile pigments are biliru-
bin, which is orange or yellow, and its oxidized form biliverdin, 
which is green (Ge, 2015) 

Heme is a source of bile pigments. Heme degradation is 
induced by heme oxygenase (HO)-1 in macrophages of the 
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Bile pigment, bilirubin, and biliverdin concentrations may change as a results of biliary tract cancer (BTC) altering the mechanisms 
of radical oxidation and heme breakdown. We explored whether changes in bile pigment components could help distinguish BTC 
from benign biliary illness by evaluating alterations in patients with BTC. We collected bile fluid from 15 patients with a common 
bile duct stone (CBD group) and 63 individuals with BTC (BTC group). We examined the bile fluid’s bilirubin, biliverdin reductase 
(BVR), heme oxygenase (HO-1), and bacterial taxonomic abundance. Serum bilirubin levels had no impact on the amounts of bile 
HO-1, BVR, or bilirubin. In comparison to the control group, the BTC group had considerably higher amounts of HO-1, BVR, and 
bilirubin in the bile. The areas under the curve for the receiver operating characteristic curve analyses of the BVR and HO-1 were 
0.832 (p<0.001) and 0.891 (p<0.001), respectively. Firmicutes was the most prevalent phylum in both CBD and BTC, according to 
a taxonomic abundance analysis, however the Firmicutes/Bacteroidetes ratio was substantially greater in the BTC group than in 
the CBD group. The findings of this study showed that, regardless of the existence of obstructive jaundice, biliary carcinogenesis 
impacts heme degradation and bile pigmentation, and that the bile pigment components HO-1, BVR, and bilirubin in bile fluid have 
a diagnostic significance in BTC. In tissue biopsies for the diagnosis of BTC, particularly for distinguishing BTC from benign biliary 
strictures, bile pigment components can be used as additional biomarkers.
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reticuloendothelial system (RES). HO-1 is a rate-limiting en-
zyme that catalyzes the conversion of heme to carbon mon-
oxide (CO), free ferrous iron, and biliverdin (Dawn and Bolli, 
2005). Biliverdin is rapidly converted to bilirubin by biliverdin 
reductase (BVR), a molecule with antioxidant properties, and 
free iron is sequestered by ferritin (Otterbein and Choi, 2000; 
Ryter et al., 2002). Bilirubin moves to the liver through gluc-
uronic acid conjugation and is excreted into the duodenum in 
bile fluid via the bile duct. 

When cancer occurs in the bile duct, the roles of the bile 
duct epithelium and bile components may be affected. Be-
cause CCA arises from the bile duct, bile fluid always directly 
contacts tumor cells in BTC, and tumor-derived materials 
might be abundant in bile. In a previous study, we showed 
that alterations in metabolism and radical oxidation could af-
fect cancer progression, and that bile fluid reflects these al-
terations in BTC (Ahn et al., 2019; Han et al., 2020). Thus, 
heme degradation and bile pigmentation may be affected by 
cancer, resulting in changes in the concentrations of bilirubin 
and biliverdin in bile. If so, the levels of HO-1, BVR, and bili-
rubin in the bile fluid of patients with cancer might be different 
from those in patients with benign biliary strictures. In addition, 
these changes may affect bacterial taxonomic abundance in 
the bile. In this study, we investigated the bile pigment compo-
nents of patients with BTC to evaluate their diagnostic value.

MATERIALS AND METHODS

Patients
A total of 78 patients were enrolled in the study at Keimyung 

University Dongsan Hospital between August 2018 and March 
2021. Patient characteristics, including age, sex, tumor site, 
method of obtaining bile, and cancer stage, are shown in Table 
1. Bile fluid was obtained from all 78 patients. Sixty-three pa-
tients had BTC (BTC group), and 15 patients had common 
bile duct (CBD) stones and comprised the control group (CBD 
group). The patients with BTC included 37 men and 26 wom-
en, with a mean age of 73.0 ± 9.1 years (range, 45-92 years). 
After the initial diagnosis of BTC in 63 patients, 32 (50.7%) un-
derwent surgical resection and 31 (49.2%) received palliative 
chemoradiotherapy or conservative therapy. Cancer stages 
were determined based on pathologic results (for those who 

underwent surgical resection) or radiologic findings (for those 
who did not undergo surgical resection). All procedures were 
in accordance with the World Medical Association’s Declara-
tion of Helsinki (1964, and its later amendments) if they re-
ported on experiments involving human subjects. 

Bile collection and preparation 
Bile samples were collected from 65 patients in both groups 

through percutaneous transhepatic biliary drainage (PTBD) to 
relieve cholangitis caused by obstructive jaundice after resolv-
ing cholangitis for at least three days after the PTBD proce-
dure. In the remaining 13 patients, bile was collected during 
surgical resection. The collected bile fluid was immediately 
centrifuged at 16,000 g for 10 min at 4°C to obtain the super-
natant (bile). Each pellet was resuspended in two volumes of 
chilled phosphate-buffered saline (PBS) and then centrifuged 
at 16,000 g for 5 min at 4°C to obtain a bile pellet, as de-
scribed in the protocol by Abi Zabron Imperial College, Lon-
don, England. All experiments were performed with an Avanti 
J-25I (Beckman, CA, USA), and bile and pellets were stored at 
–80°C. After separation, the samples were used in all experi-
ments. This study was approved by the Institutional Review 
Board of Keimyung University Dongsan Hospital (No. 2018-
06-054).

Reagents
Antibodies against HO-1 and BVR were purchased from 

Abcam (Cambridge, MA, USA). The Bilirubin Direct Gen.2 
(BILD2) kit was purchased from Roche (Mannheim, Ger-
many), and the human BVR and HO-1 ELISA Kits were 
purchased from Biomatik (Cambridge, ON, Canada). Polyvi-
nylidene fluoride (PVDF) membranes were purchased from 
Amersham (Hybond TM-P: GE Healthcare, Buckinghamshire, 
UK). Ethanol and all other chemicals were obtained from Sig-
ma (St. Louis, MO, USA).

Bilirubin determination
The amount of bilirubin (direct form) in bile was analyzed 

using a BILD2 kit (Roche) on a Cobas C502 system (SCL 
Healthcare) by SCL Healthcare (Yongin, Korea). 

Measurement of HO-1 and BVR activity 
BVR and HO-1 activity levels in bile were quantified using 

an ELISA kit, according to the manufacturer’s instructions. 
Briefly, 100 µL bile (1:10 dilution) and two-fold serial dilutions 
of each standard were dispensed into microplate wells pre-
coated with the capture antibody. For the measurements, 100 
µL of bile µL was added to each well of the microplate and 
incubated at 37°C for 60-90 min. After incubation, we removed 
the bile, added 100 µL of biotinylated antibody working solution 
and detector antibody to each well, and incubated the plate at 
37°C for 60 min. After washing, the plate was incubated with 
streptavidin-horseradish peroxidase (HRP) conjugate at 37°C 
for 30 min, developed with 90 µL of 3,3’,5,5’-tetramethylben-
zidine (TMB) substrate at 37°C in the dark for 10-20 min, and 
stopped by adding 50 µL of stop solution to each well. Absor-
bance was read at 450 nm using an Infinite M 200 Pro multi-
function microplate reader (TECAN, Männedorf, Switzerland), 
and BVR and HO-1 concentrations were calculated based on 
a standard curve and expressed as ng of standard concen-
tration/mg of protein. Protein concentrations in bile were de-
termined by the Bradford method (Pierce, Rockford, IL, USA) 

Table 1. Clinico-pathological characteristics and stages of patients with 
BTC and CBD stones 

Characteristic CBD (n=15) BTC (n=63) p

Age 74.2 ± 13.0 73.0 ± 9.1 0.680
Sex 0.786
    - F   5 (33.3%) 26 (41.3%)
    - M 10 (66.7%) 37 (58.7%)
AJCC Stage
    - I  3 (4.8%)
    - II  13 (20.6%)
    - III  36 (57.1%)
    - IV  11 (17.5%)
Method of bile collection
    - PTBD
    - Operation 

15 50
13

https://www.google.co.kr/search/?q=mA¤nnedorf&stick=H4sIAAAAAAAAAOPgE-LSz9U3sEwvSC_PU-IEsQ1LsstLtLSyk63084vSE_MyqxJLMvPzUDhWGamJKYWliUUlqUXFALtIq5lFAAAA&sa=X&ved=2ahUKEwjappP33IzeAhVEiLwKHefqBRwQmxMoATAXegQICBAd


676https://doi.org/10.4062/biomolther.2023.010

using bovine serum albumin (BSA) as a standard. 

Western analysis for HO-1 and BVR
Total proteins were extracted using RIPA lysis buffer (Cat. 

#MB-030-0050, Rockland, Limerick, ME, USA) containing 
protease inhibitor cocktail (Cat. #PPI1015, Quartett, Berlin, 
Germany). 10 µg total proteins were subjected to sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis and then 
proteins were transferred to nitrocellulose membrane using 
the Trans-Blot Turbo Transfer System (Bio-Rad, Hercules, 
CA, USA). The membranes were blocked with Tris-buffered 
saline containing 5% skim milk (Bio-Rad) and 0.2% Tween 20 
(Bio-Rad). The following primary antibodies were used: HO-1 
and BVR (1:500, Abcam, ab68477, ab192925) and GAPDH 
(1:2000, Cell Signaling Technology, #2118, Danvers, MA, 
USA). After reaction with horseradish peroxidase conjugated 
secondary antibodies (Santa Cruz Biotechnology Inc., Dallas, 
TX, USA) bands on the membranes were visualized by Clarity 
western ECL substrate chemiluminescent (Bio-Rad) following 
the manufacturer’s suggested procedure. The densitometry of 
the bands was determined using a chem-Doc XRS+ imaging 
system (Bio-Rad) and normalized to GAPDH, which served as 
the loading control. 

DNA extraction and sequencing 
DNA was extracted from 1 mL of bile using a DNeasy 

Power Soil Kit (Qiagen, Hilden, Germany) according to the 
manufacturer’s instructions. Extracted DNA was quantified 
using Quant-IT Pico Green (Invitrogen, Waltham, MA, USA). 
Sequencing libraries were prepared according to the Illumina 
16S metagenomic sequencing library protocols to amplify the 
V3 and V4 regions. A 2-ng amount of gDNA was used for PCR 
amplification with 5x reaction buffer, 1 mM dNTP mix, 500 nM 
universal F/R PCR primer, and Herculase II fusion DNA poly-
merase (Agilent Technologies, Santa Clara, CA, USA). The 
cycling conditions for the first PCR were as follows: 3 min at 
95°C for heat activation, 25 cycles of 30 s at 95°C, 30 s at 
55°C, and 30 s at 72°C, followed by a 5-min final extension 
at 72°C. The universal primer pair with Illumina adapter over-
hang sequences used for the first amplification was: 

V3-F: 5’-TCGTCGGCAGCGTCAGATGTGTATAAGAGACA
GCCTACGGGNGGCWGCAG-3’
V4-R: 5’-GTCTCGTGGGCTCGGAGATGTGTATAAGAGAC
AGGACTACHVGGGTATCTAATCC-3’

 
The first PCR product was purified with AMPure beads 

(Agencourt Bioscience, Beverly, MA, USA). Following the 
purification, 2 µL of the first PCR product was amplified for 
final library construction containing the index using Nextera 
XT Indexed Primer. The cycle conditions for the second PCR 
were the same as those forr first PCR, except that only ten 
cycles were used. The PCR products were purified using AM-
Pure beads. The final purified product was quantified using 
quantitative PCR (qPCR) according to the qPCR Quantifica-
tion Protocol guide (KAPA Library Quantification kit for Illumina 
Sequencing platforms) and qualified using the Tape Station 
D1000 Screen Tape (Agilent Technologies, Waldbronn, Ger-
many). Paired end (2×300 bp) sequencing was performed by 
Macrogen (Seoul, Korea) using the MiSeq™ platform (Illumi-
na, San Diego, CA, USA)

Amplicon sequence variants (ASVs) analysis 
After sequencing was completed, the Illumina Miseq raw 

data were classified by sample using an index sequence, and 
a paired-end FASTQ file was created for each sample. The 
sequencing adapter sequence and F/R primer sequence of 
the target gene region were removed using Cutadapt (v3.2) 
(Martin, 2011). For error correction of the amplicon sequenc-
ing process, the DADA2 (v1.18.0) (Callahan et al., 2016) and 
package of the R (v4.0.3) program was used. For paired end 
reads, the forward sequence (Read1) and reverse sequence 
(Read2) were cut to 250 bp and 200 bp, respectively, and se-
quences with expected errors of two or more were excluded. 
An error model was then established for each batch to remove 
noise from each sample. After assembling the paired-end se-
quences corrected for sequencing errors into one sequence, 
the chimeric sequence was removed using the DADA2 con-
sensus method to form amplicon sequence variants (ASVs). 
For comparative analysis of the microbial community, the 
QIIME (v1.9) (Caporaso et al., 2010) program was used for 
normalization by applying subsampling based on the number 
of reads of the sample with the minimum number of reads 
among all samples. For each ASV sequence, BLAST+ (v2.9.0) 
(Camacho et al., 2008) was performed using the reference da-
tabase (NCBI 16S Microbial DB), and taxonomic information 
for the organism of the subject with the highest similarity was 
assigned. 

Statistical analysis 
Data analysis was conducted using R (http//www.r-project.

org) and Simplot (SysTest Software Inc., Palo Alto, CA, USA). 
The cutoff value foe individual values was based on the re-
ceiver operating characteristic (ROC) curve. Continuous val-
ues are expressed as mean ± SD. For comparisons between 
two groups, an independent t-test was used for continuous 
variables, and a χ2 test was used for categorical variables. A 
significance was ser at p<0.05. 

RESULTS

Demographic characteristics of the study population
The mean age of the study population was 74.0 ± 11.1 

years and with 31 females and 47 males. There were no sta-
tistically significant differences in age or sex between the CBD 
and BTC groups. In the BTC group, 74.6% of the patients 
were in an advanced stage, higher than the American Joint 
Committee on Cancer (AJCC) stage III (Table 1). 

Correlation analysis of bile HO-1, BVR, and bilirubin with 
serum bilirubin

Correlation analysis was performed to assess whether bile 
HO-1, BVR, and bilirubin levels were associated with serum 
bilirubin levels. The Pearson’s correlation coefficient between 
serum bilirubin and the three markers in bile was very low with 
no statistical significance (Fig. 1). Therefore, bile HO-1, BVR, 
and bilirubin levels were not affected by serum bilirubin levels.

Expression level of HMOX1 and BLVRA in cancer tissues
In many cancers, expression of HMOX1 (RNA of HO-1) and 

BLVRA (RNA of BVR) are variable. In BTC, expression level 
of BLVRA is significantly higher than normal adjacent liver tis-
sue (Supplementary Fig. 1, 2) (Farshidfar et al., 2017; Ahn et 
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al., 2019).

Comparative changes in BVR and bilirubin amounts in 
patients with bile CBD stones and BTC

Biliverdin and bilirubin, the principal bile pigments, are the 
end-products of heme catabolism. To identify the component 
ratios, we investigated the activity of BVR and amount of bili-
rubin in the bile of the CBD and BTC groups. BVR activity 
was significantly decreased in bile in the BTC group compared 
to that the CBD group (0.033 ± 0.091, 0.050 ± 0.030 ng/µg 
protein; p<0.001; Fig. 2A) and the amount of the direct form 
of bilirubin was significantly increased in the BTC group com-
pared that in the CBD group (42.6 ± 37.4, 23.0 ± 22.5 ng/
mL; p=0.05; Fig. 2B). The expression of BVR in the bile of the 
BTC group was 2- or 3-fold higher than that in the CBD group 
(Fig. 2C). ROC curve analysis was performed to evaluate the 

predictive ability of each parameter for BTC diagnosis. In the 
ROC analysis of the BVR, the area under the curve (AUC) 
was 0.832 (0.736-0.928; p<0.001; Fig. 2D), and the optimal 
cut-off value for BVR activity was 0.023 ng/mg protein, with 
a sensitivity of 69.0% and specificity of 92.9%. However, the 
diagnostic power of bilirubin was lower than that of BVR (AUC: 
0.689; Fig. 2D). 

Classification of bile pigments in the bile of patients with 
CBD stones and BTC 

Since bile color is determined by the BVR and bilirubin com-
ponents in bile, bile color can be differentiated in the BTC and 
CBD groups. Bile pigments are largely classified into three col-
ors, green, brown, and black, as shown in Fig. 3. In patients 
in the CBD stone group, brown-black color was more frequent 
than green. However, BVR, bilirubin, and HO-1 levels did not 
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differ according to bile color (Table 2). 

Alterations in HO-1 in bile in patients with CBD stones 
and BTC

To identify the possible mechanism of degradation, we es-
timated the activity of HO-1 using ELISA. HO-1 Activity was 
significantly lower in the BTC group than in the CBD group, 
as shown in Fig. 4A (0.012 ± 0.007 and 0.036 ± 0.017 ng/µg 
protein; p<0.001). In addition to HO-1 activity, we analyzed the 
relative expression of HO-1; and found a 2- or 3-fold increase 
in the BTC group compared to the CBD group (Fig. 4B). In 
the ROC analysis of HO-1, the AUC was 0.891 (0.789-0.993; 
p<0.001). The optimal cut-off value was 0.019 ng/mg protein, 
with a sensitivity of 87.7% and specificity of 78.6% (Fig. 4C). 
These data suggest that heme degradation may be accelerat-
ed through HO-1 upregulation in patients with BTC compared 
with that in patients with CBD stones.

Taxonomic abundance at the phylum level in the bile of 
patients with CBD stones and BTC

For bile microbiome profiling in the two groups, we com-
pared the taxonomic compositions obtained for V3V4 analy-
sis. There was an average of 215.28 raw reads in the BTC 
group and 224.31 in the CBD group. After 30% quality filtering, 
an average of 81.57 and 81.76 and high-quality 16S rRNA 
sequences were obtained. In the statistical analysis, refers to 
the number of unique ASVs in each group (observed species 
index). Chao1, Shannon, and Gini-Simpson indices, including 
ASVs, are all alpha-diversity indices The Wilcoxon rank-sum 
test was used to identify differences between the two groups 

(Bauer, 1972). The differences in ASVs between the CBD and 
BTC groups were not significant (p=0.48), with an average of 
175 ASVs in the CBD group and 159.16 in the BTC group (Fig. 
5A). Differences in the Chao1, Shannon, and Gini-Simpson 
indices were also not significant (p=0.48, 0.61, and 1, respec-
tively) with averages in the CBD group of 175, 3.59, and 0.71, 
and 159.1, 3.25, and 0.13, respectively, in the BTC group (Fig. 
5B-5D).

Based on the assigned taxonomic analysis, we profiled 
relative phylum abundance using stacked bar plots (Fig. 6). 
Firmicutes was the predominant phylum, contributing 51.56% 
and 39.04% of the bile microbiota in the BTC and CBD 
groups, respectively, followed by Bacteroidetes, which contrib-
uted 9.32% and 7.37%, respectively. Although Firmicutes was 
the most abundant phylum in both the CBD and BTC groups, 
it was significantly more abundant in the BTC group than in 
the CBD group. In addition, the Firmicutes/Bacteroidetes ra-
tio was significantly higher in the BTC group than in the CBD 
group (Fig. 6A) and the Verrucomicrobia / Proteobacteria ratio 
was higher in the CBD group than in the BTC group. Interest-
ingly, in the sub-analysis according to bile color, Proteobacte-
ria were abundant in green color, especially in the CBD group 
(Fig. 6B). In brown-black colored bile, the ratio of Bacteroide-
tes was very low, especially in the BTC group (Fig. 6C). 

DISCUSSION

A few studies have reported alterations in bile acid com-
ponents and concentrations in the bile of patients with BTC, 
and the total bile acid and conjugated bile acid concentrations 
were higher in patients with BTC than in those with benign 
biliary disease. However, those parameters were affected by 
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Green Brown Black

Fig. 3. Classification of bile pigments in the bile of patients with 
CBD stones and BTC. The three bile pigment colors.

Table 2. Color differentiation in the bile of patients with CBD stones and 
BTC 

Green (n=21) Brown – black (n=52) p

CBD/BTC 3/18 12/40 <0.001
BVR 0.017 ± 0.020 (18) 0.019 ± 0.037 (35) 0.831
Bilirubin 31.1 ± 13.9 (17) 45.3 ± 12.9 (35) 0.08
HO-1 0.013 ± 0.006 (17)   0.011 ± 0.0306 (35) 0.162

Color could not be determined in five patients.
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serum bilirubin levels, high concentrations of bile acid in high 
serum bilirubin conditions, and the bile pigment components 
changed frequently due to bile duct obstruction. Therefore, 
bile acid concentrations might be dependent on the degree of 
bile duct obstruction, and its diagnostic value is limited, espe-
cially in patients with non-obstructive jaundice in BTC (Jusakul 
et al., 2012). However, the present study showed elevated ex-
pression of HO-1, BVR, and bilirubin in the bile of BTC (de-
creased HO-1 and BVR activity). These parameters were not 
affected by serum bilirubin levels (Fig. 1). They are involved 
in heme metabolism and interact with one another during this 
process. Our study demonstrated that biliary HO-1, BVR, and 
bilirubin levels have diagnostic roles in BTC, regardless of the 
presence of obstructive jaundice. Although a few studies have 
suggested a role for HO-1 and BVR in cancer, they were found 
in cancer tissues rather than in bile fluid. This is the first study 
to reveal the diagnostic value of HO-1 and BVR in bile. It sug-
gests that bile fluid represents the oncogenic characteristics 
of BTC tissues. Since the role of a tissue biopsy in BTC is 
limited and it is an invasive procedure, measuring HO-1, BVR, 
and bilirubin in bile might serve as a biomarker for diagnos-
ing BTC, either alone or as a supplement to tissue biopsy in 
BTC and especially, in differentiating BTC from benign biliary 
stricture.

HO-1 metabolizes heme to biliverdin, bilirubin, carbon mon-
oxide, and ferrous iron, and has cytoprotective effects against 

stress. Therefore, HO-1 expression is highly induced under 
oxidative stress conditions. HO-1 is also elevated in many 
cancer tissues and is related to its accommodation in the tu-
mor microenvironment for cancer cell growth, angiogenesis, 
and metastasis (Nitti et al., 2017; Chiang et al., 2018). HO-1 
overexpression protects against the anti-tumor activity of che-
motherapeutic agents (Jeon et al., 2012; Yin et al., 2012). In 
contrast, the high expression of HO-1 in tumor cells plays a 
role in cancer protection by; enhancing cell death by induc-
ing ferroptosis through iron accumulation (Chang et al., 2018). 
Since elevated HO-1 expression in cancer can be a conse-
quence of elevated BVR levels, BVR is usually overexpressed 
in cancer cells (Maines et al., 1999). Like to HO-1, elevated 
BCR levels in cancer cells are related to responses to cancer-
related hypoxia (Gibbs et al., 2010; Kim et al., 2013). Although 
BVR is a cytoprotective protein like to HO-1, BVR acts as a 
promotor of carcinogenesis and tumor progression by modu-
lating the Ras-MAPK and PI3K/Akt pathways (Malumbres and 
Barbacid, 2003; Gibbs et al., 2015). Meanwhile, bilirubin lev-
els in bile were higher in the BTC group than in the CBD group 
as a consequence of elevated HO-1 and BVR. Usually, serum 
bilirubin levels in periampullary cancer are higher than those 
in benign strictures or choledocholithiasis, and this may be 
caused by changes in the bile salt composition (Jusakul et 
al., 2012; Krupa et al., 2021). However, since serum bilirubin 
levels are highly dependent on the period of biliary obstruc-
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tion, they cannot be used as a screening test for predicting 
whether the obstruction is likely to be malignant or benign. Bile 
bilirubin levels are regulated by the upstream processes of 
HO-1, BVR, and other consequent signaling pathways during 
carcinogenesis, so measuring bilirubin in bile is more helpful 
than serum bilirubin in differentiating the cause of obstructive 
jaundice.

Bilirubin, which is brown, black in color, and biliverdin, which 
is green in color, are the two main types of bile pigments. The 
differences in color and pigment components were consistent 
with heme degradation, and pigment color appeared to be 
reflected by the bile pigment component ratio. Although our 
results indicated that changes in BVR and bilirubin were re-
lated to differences in color in the BTC group (Table 2), they 
were not statistically significant. Bile color is determined by a 
combination of bile pigments, and it is difficult to define a wide 
spectrum of colors by subjective observation. The results in 
Fig. 6 suggest that the microbiota composition is also impor-
tant for bile color.

In the microbiota composition analysis of bile, Firmicutes, 
which are associated with the mucosa in colon cancer, were 
significantly more abundant in the BTC group than in the CBD 
group, whereas Proteobacteria, which are less abundant in 
colon cancer (Gao et al., 2015), were significantly more abun-
dant in the CBD group (Fig. 5A). Interestingly, the dominant 
phyla and ratios were different not only based on tumor or 
benign lesions but also on bile color. Although microbiota was 
analyzed only in a portion of the study population, the results 
indicated that taxonomic abundance may play distinct func-
tional roles in the bile environment and is associated with can-
cer cells, as well as bile pigments, inflammation (cholangitis), 
and other factors that promote interactions between the bac-
teria and cancerous conditions. Changes in heme degradation 
and bile pigment composition in patients with BTC may affect 
the microbiota and require further study. 

Since BVR acts as a promoter of carcinogenesis and tu-
mor progression by modulating Ras-MAPK and PI3K/AKT 
pathways, regulating the activity of BVR can be a potential 
approach to treatment of BTC. A recent study showed that 
BVR-based peptides that inhibit its activity negatively affect 
growth-promoting functions in cancer cell lines (Gibbs et al., 
2015). Inhibition of HO-1 could enhance chemosensitivity and 
suppress the proliferation of pancreatic cancer cell lines (Han 
et al., 2018). Therefore, bile pigment components offer a nov-
el approach to the treatment of BTC, as well as a diagnostic 
marker.

In this paper, we investigated the effect of the bile pigment 
component on carcinogenesis. However, we could not show 
the molecular mechanism of bile pigment components in BTC, 
and it can be a limitation of this study. There have been a few 
studies on the effects of BVR and HO-1 on carcinogenesis in 
cholangiocarcinoma tissue, and the purpose of this study was 
performed with the purpose of showing that these phenomena 
in bile duct cancer tissue can also be shown through bile fluid. 
In addition, this study was performed in single institution with 
small case numbers, and further validation with other cohorts 
is necessary.

In conclusion, this study demonstrated that biliary carcino-
genesis affects heme degradation and bile pigmentation and 
that the components of bile pigment, HO-1, BVR, and bilirubin 
in bile fluid have a diagnostic role in BTC, regardless of the 
presence of obstructive jaundice. They have a role as bio-

markers for diagnosing BTC, either alone or as an auxiliary 
tool to tissue biopsy in BTC and especially, in differentiating 
BTC from benign biliary stricture.
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