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Abstract 

Background: Biliary tract cancer (BTC) has a poor prognosis; therefore, useful biomarkers and treatments are needed. 
Serum levels of macrophage inhibitory cytokine-1 (MIC-1), a member of the TGF-β superfamily, are elevated in 
patients with pancreaticobiliary cancers. However, the effect of MIC-1 on BTC is unknown. Therefore, we investigated 
the effect of MIC-1 on BTC and assessed whether MIC-1 is a biomarker of or therapeutic target for BTC.

Methods: MIC-1 expression in BTC cells was determined by performing histological immunostaining, tissue micro-
array (TMA), western blotting, and reverse transcription PCR (RT–PCR). Cell culture experiments were performed 
to investigate the effect of MIC-1 on BTC cell lines (HuCCT-1 and TFK-1). The relationships between serum MIC-1 
levels and either the disease state or the serum level of the apoptosis marker M30 were retrospectively verified in 
118 patients with pancreaticobiliary disease (individuals with benign disease served as a control group, n = 62; BTC, 
n = 56). The most efficient diagnostic marker for BTC was also investigated.

Results: MIC-1 expression was confirmed in BTC tissue specimens and was higher in BTC cells than in normal bile 
duct epithelial cells, as determined using TMA, western blotting and RT–PCR. In cell culture experiments, MIC-1 
increased BTC cell proliferation and invasion by preventing apoptosis and inhibited the effect of gemcitabine. In 
serum analyses, serum MIC-1 levels showed a positive correlation with BTC progression and serum M30 levels. The 
ability to diagnose BTC at an early stage or at all stages was improved using the combination of MIC-1 and M30. The 
overall survival was significantly longer in BTC patients with serum MIC-1 < the median than in BTC patients with 
serum MIC-1 ≥ the median.

Conclusions: MIC-1 is a useful diagnostic and prognostic biomarker and might be a potential therapeutic target for 
BTC.
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Background
At the time of diagnosis, BTC has often advanced to 
affect multiple biliary tracts. In many patients, BTC is 
unresectable and has a poor prognosis [1, 2]. Chemother-
apy is commonly administered to patients with unresect-
able BTC; however, the most effective regimen confers an 
overall survival of only 11–15 months [3–7]. Additionally, 
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no specific serum tumour markers are available to diag-
nose or predict the prognosis of BTC [8]. Although the 
sensitivity of CA19-9 for diagnosing BTC was reported to 
be 71–72% [9, 10], an elevated CA19-9 level is observed 
in patients with nonmalignant obstructive jaundice [11, 
12]. Therefore, an appropriate diagnostic or predictive 
prognostic marker for BTC is needed.

Macrophage inhibitory cytokine-1 (MIC-1) is a mem-
ber of the TGF-β superfamily [13]. Elevated serum MIC-1 
levels have been observed in patients with several inflam-
matory diseases and malignant tumours [14]. In addition, 
serum MIC-1 levels are markedly higher in patients with 
pancreatic cancer or BTC than in those with pancreati-
cobiliary inflammatory diseases or other cancers [15–18]. 
Although many reports on pancreatic cancer and MIC-1 
have been published [19–25], few studies have investi-
gated BTC and MIC-1. A previous study reported that 
biliary MIC-1 efficiently diagnosed early BTC [18]. How-
ever, the process of bile collection to measure biliary 
MIC-1 is invasive; thus, a less invasive diagnostic method 
is desired.

The effect of MIC-1 on each tumour type is different. 
In BTC, researchers have not determined whether MIC-1 
enhances or prevents carcinogenesis. This study aimed to 
clarify the involvement of MIC-1 in BTC and the efficacy 
of MIC-1 as a noninvasive biomarker or therapeutic tar-
get for BTC.

Methods
This study was approved by the Ethics Committee of 
Fukushima Medical University (Approval Number: 
2387). All procedures were performed according to the 
manufacturers’ instructions.

Immunostaining of surgical specimens and tissue 
microarray (TMA)
BTC specimens were immunostained for MIC-1. An 
anti-GDF-15/MIC-1 polyclonal antibody (Bioss Anti-
bodies Inc., Massachusetts, USA) was used for MIC-1 
immunostaining according to the manufacturer’s proto-
col. The microscope slides were deparaffinized and boiled 
in 0.01  M sodium citrate buffer (pH 6) at 100  °C for 
15–20 min for antigen retrieval. The slides were treated 
with 3% hydrogen peroxide for 30 min to block endoge-
nous peroxidase activity. Immunostaining was performed 
using the abovementioned antibody (dilution 1:1000).

BTC specimens were acquired during surgery. Sam-
ples from the patients whose surgical specimens were 
immunostained were included in the in vivo experiments 
described below. All patients provided written informed 
consent to participate in this study.

A TMA containing 54 BTC tissues and 25 normal bile 
duct tissues was purchased from Provitro (catalogue 

number: 401 22,078, Berlin, Germany). The TMA slides 
were deparaffinized, rehydrated, and immunostained in 
the same method used for the immunostaining of surgical 
specimens. The immunostaining intensity was defined as 
follows (0: negative, 1: weak, 2: moderate, and 3: strong). 
Finally, the intensity score was calculated as follows: (1 
x % weakly positive cells) + (2 x % moderately positive 
cells) + (3 x % strongly positive cells). These TMA evalu-
ations were performed at × 400 magnification. The maxi-
mum intensity score was defined as 300 [26, 27].

Cell culture
A commercially available bile duct epithelial cell line 
(MMNK-1) and BTC cell lines (HuCCT-1 and TFK-1) 
were used in this study. As described above, BTC some-
times advances to extensively affect multiple biliary 
tracts. Therefore, TFK-1 cells were used as extrahepatic 
BTC cells, and HuCCT-1 cells were used as intrahepatic 
BTC cells. MMNK-1 and HuCCT-1 cells were purchased 
from JCRB Cell Bank, whereas TFK-1 cells were pur-
chased from the Cell Resource Center for Biochemical 
Research, Cell Bank, Tohoku University. The MMNK-1 
cell line was established from the liver by Maruyama 
et  al. [28], the HuCCT-1 cell line was established from 
malignant ascites by Miyagiwa et al. [29], and the TFK-1 
cell line was established by Saijyo et al. [30] from a com-
mon bile duct cancer specimen.

MMNK-1 cells were cultured in DMEM supplemented 
with 5% foetal bovine serum (FBS) and 1% penicil-
lin–streptomycin in a humidified environment with 5% 
 CO2 at 37 °C. The BTC cell lines were cultured in RPMI 
medium supplemented with 10% FBS and 1% penicillin–
streptomycin in a humidified environment with 5%  CO2 
at 37 °C. Each cell culture experiment was performed in 
triplicate.

Western blotting
Western blotting was performed using a previously 
described protocol [31]. The seeded cells were removed 
from the culture dishes and centrifuged, and the resulting 
cell pellets were lysed in RIPA buffer (Thermo Fisher Sci-
entific, Waltham, MA, USA) supplemented with a pro-
tease inhibitor cocktail (Thermo Fisher Scientific). The 
lysates were mixed with sample buffer (Sigma, St. Louis, 
MO, USA) at a 1:1 ratio and then resolved on SDS–PAGE 
gels. After electrophoresis, the proteins were transferred 
to a PVDF membrane; the membrane was incubated 
with the primary antibody against GDF15 (1:1000, rab-
bit monoclonal antibody, no. 8479; Cell Signaling Tech-
nology, Beverly, MA, USA) at 4 °C overnight, anti-rabbit 
IgG secondary antibody (1:1000, no. 7074; Cell Signaling 
Technology) for one hour at room temperature, and an 
anti-β-actin polyclonal antibody (MBL, Tokyo, Japan) 
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for one hour at room temperature. Blots were visualized 
using an Amersham Imager 600 (Cytiva, Tokyo, Japan) 
and Immobilon Clasico (Sigma–Aldrich, St. Louis, MO, 
USA). The immunoblots were evaluated by quantifying 
the band intensity using ImageJ software.

Reverse transcription PCR (RT–PCR)
Total RNA was extracted from MMNK-1, HuCCT-1, and 
TFK-1 cells using an  RNeasy® Mini Kit (Qiagen, Hilden, 
Germany). The RNA concentration was measured using 
a NanoDrop 2000 instrument (Thermo Fisher Scientific). 
The cDNA templates were synthesized using an iScript 
Advanced cDNA Synthesis Kit for RT–PCR (Bio-Rad, 
Hercules, CA, USA) and a C1000 Touch™ Thermal Cycler 
(Bio-Rad). Real-time PCR was performed using Quant-
Studio 3 (Thermo Fisher Scientific) and TaqMan Gene 
Expression Assays (Thermo Fisher Scientific) with the 
following primers: GDF15 Hs00171132_m1 (catalogue 
no. 4331182) and GAPDH Hs02786624_g1 (catalogue no. 
4331182). The mix was heated at 95 °C for 20 s and then 
amplified at 95 °C for 1 s and 60 °C for 20 s in 40 cycles. 
The Ct (threshold value) of each sample was obtained 
according to the threshold cycles with the software pro-
vided with the equipment, and the relative expression of 
the MIC-1 mRNA was renormalized to the expression of 
the GAPDH mRNA.

Recombinant MIC‑1 protein
Recombinant human GDF15/MIC-1 (PeproTech, Cran-
bury, NJ, USA) was used in all cell culture experiments. 
In cell proliferation assays, MIC-1 was used at concen-
trations recommended by both the manufacturer and 
previous reports [32, 33]. According to the manufac-
turer, MIC-1 was used at a concentration of 200 ng/ml. 
Therefore, the concentration of MIC-1 was diluted from 
200  ng/ml to 100, 50, 25, 12.5, and 6.25  ng/ml, which 
were similar to the concentrations used in previous 
reports. In the other assays, the lowest effective concen-
tration in the cell proliferation assay was applied.

Cell proliferation assay
HuCCT-1 and TFK-1 cells were seeded in 96-well 
plates at a density of 5 ×  103 cells per well with 100 µl of 
medium supplemented with 10% FBS. After the plates 
were incubated overnight, MIC-1 solution (0, 6.25, 12.5, 
25, 50, 100, or 200  ng/ml) was added to the cells and 
incubated for 3–7 days, after which Cell Counting Kit-8 
(CCK-8) assays (Dojindo, Kumamoto, Japan) were per-
formed. The absorbance was measured at 450 nm using a 
Benchmark Plus microplate spectrophotometer (Bio-Rad 
Laboratories, Hercules, CA).

Cell invasion assay
Cell invasion assays were performed using 24-well Corn-
ing BioCoat™ Matrigel Invasion Chambers (Corning, 
New York, NY, USA) according to the manufacturer’s 
protocol. Five hundred microlitres of medium contain-
ing 10% FBS and MIC-1 were added to the lower cham-
ber, while HuCCT-1 and TFK-1 cells (2.0 ×  105 cells/well) 
were added to the upper chamber in 500  µl of serum-
free medium. After 22  h of incubation, cells that did 
not invade through the membrane were removed from 
the upper chamber using a cotton swab. The invaded 
cells were fixed with 4% paraformaldehyde for 20  min 
and stained with a 1% crystal violet solution for 30 min 
at room temperature. Three different fields were photo-
graphed using a BX41-13 microscope (Olympus, Tokyo, 
Japan) at 200 × magnification, and invasive cells were 
counted.

Apoptosis assay
Apoptosis assays were performed using a Caspase-3/7 
Fluorescence Assay Kit (Cayman Chemical, Michi-
gan, USA). HuCCT-1 (2.0 ×  105 cells/well) and TFK-1 
(3.0 ×  105 cells/well) cells were seeded in 100  µl of 
medium supplemented with 10% FBS and incubated 
overnight. After the medium was removed, the cells were 
exposed to the MIC-1 solution for three hours. Next, the 
cells were lysed with cell lysis buffer, after which the lev-
els of active caspase 3 or caspase 7 were measured at an 
excitation wavelength of 485 nm and an emission wave-
length of 535  nm using a Varioskan LUX multimode 
microplate reader (Thermo Fisher Scientific, MA, USA).

Anticancer drug sensitivity assay
The CCK-8 assay (Dojindo) was performed to determine 
the effects of MIC-1 and gemcitabine on cell viability and 
proliferation. First, the effective gemcitabine concentra-
tion was determined. HuCCT-1 and TFK-1 cells were 
seeded in a 96-well plate at a density of 5 ×  103 cells/well 
in medium and incubated for 24  h. After the medium 
was removed, gemcitabine (Selleck, Houston, TX, USA) 
was added to each well at the indicated concentration (0, 
1, 10, or 100 nmol/L), and the plates were incubated for 
7 days. Then, CCK-8 solution was added to each well, and 
the absorbance was measured at 450 nm using a Bench-
mark Plus microplate spectrophotometer (Bio-Rad Lab-
oratories). Second, the effect of MIC-1 on gemcitabine 
toxicity was investigated. Cells were seeded and incu-
bated as described above. The cells were exposed to effec-
tive concentrations of gemcitabine and MIC-1 for 7 days. 
The absorbance was measured after the addition of the 
CCK-8 solution.
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Serum analyses
Serum MIC-1 levels were measured in patients with bil-
iary tract diseases. Serum levels of M30, a selective apop-
tosis marker, were also measured. The M30 antibody 
detects cytokeratin-18 fragments that are cleaved during 
apoptosis, and the presence of M30 in bile duct epithelial 
and BTC cells was previously reported [34, 35]. The rela-
tionships between MIC-1 and both pathology and serum 
levels of an apoptotic marker were investigated.

Patients
One hundred eighteen patients with biliary disease who 
were treated at Fukushima Medical University over a 
4-year period were enrolled in this study. The median 
age of these patients was 72 years. The age range of the 
patients was 45–101 years. Among these patients, 56 had 
BTC (intrahepatic BTC: 6, peri-hilar BTC: 23, and extra-
hepatic BTC: 27), and 62 had benign biliary diseases and 
participated as control subjects [47 patients with com-
mon bile duct (CBD) stones and 15 patients with benign 
biliary stricture (5 with autoimmune pancreatitis (AIP), 
3 with pancreatitis of unknown origin, 3 with chronic 
pancreatitis, 2 with primary sclerosing cholangitis, 1 with 
ampullary inflammation, and 1 with intraductal papil-
lary neoplasm (IPMN)]. Patients were diagnosed with 
BTC using bile/brush cytology, endoscopic biopsy, endo-
scopic ultrasonography-guided fine needle aspiration, or 
surgery. Class IV or V cytology was defined as malignant 
disease. AIP was diagnosed according to the 2010 Inter-
national Consensus Diagnostic Criteria [36]. The patient 
with IPMN presented no worrisome features or high-risk 
stigmata, as defined by international guidelines [37], and 
exhibited no signs of malignancy for more than 1  year 
of imaging follow-up. Cancer progression was evaluated 
according to the Union for International Cancer Control 
(UICC) classification, ver. 8 [38]. All patients provided 
written informed consent for participation in this study.

Measurement of serum MIC‑1 and M30 levels
Frozen sera were thawed at room temperature. Serum 
MIC-1 levels were measured using a Quantikine ELISA 
Human GDF-15 immunoassay kit (R & D Systems, Min-
neapolis, MN, United States), whereas serum M30 lev-
els were measured using an M30 Apoptosense ELISA 
kit (VLVbio AB, Nacka, Sweden). Both kits were used 
according to the manufacturer’s instructions.

Examination items
Serum MIC-1 and M30 levels in patients with BTC were 
compared with those in control subjects. Additionally, 
patient characteristics (age and sex) and the levels of sev-
eral serum markers (AST, ALT, CRP, and CA19-9) were 

compared. The relationships between serum MIC-1, 
ALT and M30 levels and cancer progression were inves-
tigated. Additionally, the most efficient diagnostic marker 
for BTC and early BTC (stage I or II) was investigated. 
The most efficient diagnostic marker was investigated in 
patients in whom all biomarkers (CA19-9, MIC-1, and 
M30) were measured. Finally, the prognostic predic-
tive capacities of MIC-1 and M30 for BTC patients were 
investigated. For the prognostic assessment, disease-free 
survival (DFS) and overall survival (OS) were evaluated. 
DFS was examined in patients who underwent surgery 
and was defined as the period from the date of surgery 
to the date of recurrence or the last follow-up date. BTC 
recurrence was confirmed by CT. OS was defined as the 
period from the date of pretreatment blood sampling for 
biomarkers to the date of death or the last follow-up date.

Statistical analysis
An unpaired Student’s t test was used to compare data 
from cell culture experiments. Because the number of 
subjects was sufficient, an unpaired Student’s or Welch’s 
t test was also used to compare continuous variables. The 
Mann–Whitney U test was used to compare continu-
ous variables that did not display a normal distribution. 
A chi-square test was used to compare categorical vari-
ables. Spearman’s rank correlation coefficient was calcu-
lated to investigate the correlations between two values. 
The ability to diagnose BTC using various biomarkers 
was compared by constructing receiver operating char-
acteristic (ROC) curves. The prognostic assessment was 
analysed by the log-rank test. All statistical analyses 
were performed using IBM SPSS Statistics (IBM Corp., 
Armonk, NY, USA) and the EZR platform (Saitama Med-
ical Center, Jichi Medical University, Saitama, Japan), 
which is a graphical user interface for R (The R Founda-
tion for Statistical Computing, Vienna, Austria). More 
precisely, EZR is a modified version of the R commander 
that was designed to perform functions frequently used 
in biostatistics [39].

Results
MIC‑1 expression determined using immunostaining, 
western blotting, and RT–PCR
MIC-1 immunostaining was performed on two surgi-
cal specimens (Fig.  1A–E), and MIC-1 expression was 
observed in the cytoplasm of BTC cells (Fig. 1A, B, D, E) 
and normal bile duct epithelial cells (Fig. 1C). The inten-
sity of TMA immunostaining is shown in Fig.  1F. The 
intensity was significantly higher in BTC tissues than in 
normal tissues (p = 0.039) (Fig.  1G). The intensity score 
was also significantly higher in BTC tissues than in nor-
mal tissues (p < 0.01). Higher MIC-1 expression was 
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Fig. 1 Histological immunostaining, TMA, western blot and RT–PCR analyses of MIC-1 expression. MIC-1 immunostaining was performed on 
tumour specimens from two patients with BTC (magnification: A × 20, B × 200, D × 20, E × 100). MIC-1 expression was observed in specimens 
from both patients. C MIC-1 expression was also observed in normal bile duct epithelial cells from the first patient (magnification: × 100). F The 
intensity of TMA immunostaining is shown (0: none, 1: weakly positive, 2: moderately positive, and 3: strongly positive) (magnification × 200). G 
MIC-1 expression was higher in BTC tissues than in normal tissues in the TMA. H MIC-1 was more expressed at higher levels in tumour cell lines 
(HuCCT-1 and TFK-1) than in a normal bile duct epithelial cell line (MMNK-1), as determined using western blotting. I MIC-1 expression was also 
more frequently detected in tumour cell lines using RT–PCR
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detected in BTC cells (HuCCT-1 and TFK-1) than in nor-
mal bile duct epithelial cells (MMNK-1) using western 
blotting (Fig. 1H) and RT–PCR (Fig. 1I).

Cell culture experiments
Cell proliferation assay
MIC-1 potentiated the proliferation of both HuCCT-1 
and TFK-1 cells (Fig.  2A). After only three days, 50  ng/
ml MIC-1 promoted the proliferation of HuCCT-1 cells, 
whereas 6.25 ng/ml MIC-1 increased TFK-1 cell prolifer-
ation. Therefore, in subsequent cell culture experiments, 
50  ng/ml MIC-1 was used to treat HuCCT-1 cells, and 
6.25 ng/ml MIC-1 was used to treat TFK-1 cells. On the 
other hand, 100 or 200 ng/ml MIC-1 did not result in sig-
nificant BTC cell proliferation.

Cell invasion assay
Cell invasion was significantly greater in the BTC cells 
that were exposed in MIC-1 than in the controls (Fig. 2B). 
MIC-1 facilitated the invasion of both HuCCT-1 and 
TFK-1 cells.

Cell apoptosis assay
In caspase 3/7 assays, more apoptotic cells were observed 
in the control cells than in the BTC cells that were 
exposed in MIC-1 (Fig. 2C). MIC-1 suppressed apoptosis 
of both HuCCT-1 and TFK-1 cells.

Anticancer drug sensitivity assay
First, an appropriate gemcitabine concentration was 
investigated in both HuCCT-1 and TFK-1 cells. Gemcit-
abine at 100  nM reduced the number of HuCCT-1 and 
TFK-1 cells (Fig. 2D: left). MIC-1 inhibited this tumour-
suppressive effect of gemcitabine in two BTC cell lines 
(Fig. 2D: right).

Serum analyses
Age, sex, and the levels of transaminases (AST and ALT), 
CRP, and CA19-9 were not significantly different between 
the control (benign disease) patients and patients with 
BTC (Table 1). Serum M30 and MIC-1 levels were signifi-
cantly higher in patients with BTC than in controls (M30: 
464.2 ± 305.7 vs. 212.5 ± 133.5 U/ml, p < 0.01; MIC-1: 
379.0 ± 204.5 vs. 228.2 ± 149.2 ×  10–2 ng/ml, p < 0.01).

In patients with BTC, significantly higher serum 
MIC-1 levels were detected in patients with stage IV 

tumours than in patients with stage I/II/III tumours 
(526.6 (231.1–788.4) vs. 288.1 (42.7–720.2) ×  10–2  ng/
ml; p < 0.01) (Fig.  3A), and serum MIC-1 levels showed 
a significant positive correlation with the UICC stage 
(r = 0.33; p = 0.01) (Fig. 3B). MIC-1 levels did not show a 
significant correlation with ALT levels (r = 0.22, p = 0.10) 
(Fig. 3C). Moreover, significantly higher serum M30 lev-
els were observed in patients with stage III/IV BTC than 
in those with stage I/II disease (558.0 (105.4–1128.2) vs. 
277.0 (100.6–1110.6) U/l; p = 0.015) (Fig.  3D). Further-
more, significant positive correlations were observed 
between serum M30 levels and both the UICC stage 
and serum MIC-1 levels (M30 and UICC stage: r = 0.37, 
p < 0.01; M30 and MIC-1: r = 0.34, p = 0.01) (Fig. 3E, F).

ROC curves were generated to evaluate the ability of 
various serum markers to diagnose BTC, and the area 
under the curve (AUC) for M30 and MIC-1 were higher 
than the corresponding value for CA19-9 (M30: AUC: 
0.805, sensitivity: 65.5%, specificity: 83.7%; MIC-1: AUC: 
0.732, sensitivity: 85.5%, specificity: 55.8%; CA19-9: 
AUC: 0.7, sensitivity: 72.7%, specificity: 65.1%) (Fig. 4A). 
The AUC of the combination of CA19-9 + M30 (AUC: 
0.789, sensitivity: 67.3%, specificity: 83.7%) was signifi-
cantly higher than that of CA19-9 (described above) (P 
value < 0.05). Additionally, the combination of MIC-1 
and M30 had the highest AUC (AUC: 0.813, sensitivity: 
80.0%, specificity: 74.4%). Bile cytology was performed 
in 66 patients. Biliary brush cytology was performed in 
13 patients. The ability to diagnose BTC was significantly 
greater using the combination of MIC-1 and M30 (cut-
off value: 430.2) than using bile cytology or biliary brush 
cytology (combination of MIC-1 and M30: 77.6%; bile 
cytology: 43.9%; bile cytology or brush cytology: 49.3%) 
(Fig. 4B).

Table  2 shows serum marker levels in patients with 
early BTC (stage I/II, n = 30). Serum M30 and MIC-1 
levels were significantly higher in patients with early 
BTC than in control subjects (M30: 386.3 ± 300.6 vs. 
212.5 ± 133.5 U/ml, p < 0.01; MIC-1: 338.7 ± 196.7 vs. 
228.2 ± 149.2 ×  10–2 ng/ml, p < 0.01).

The ability of these markers to diagnose early BTC was 
similar to that of all-stage BTC (Fig. 5A). The AUC was 
highest for the combination of MIC-1 and M30 (AUC: 
0.743, sensitivity: 72.4%, specificity: 72.1%), and the AUC 
of the combination of MIC-1 and M30 was significantly 
higher than that of CA19-9 (AUC: 0.588, sensitivity 

Fig. 2 Results of the cell culture experiments (n = 3). A Cell proliferation assay. The proliferation of both BTC cell lines was significantly accelerated 
by MIC-1. At three days, the minimum effective concentration of MIC-1 was 50 ng/ml in HuCCT-1 cells and 6.25 ng/ml in TFK-1 cells. These 
concentrations were applied in the other cell culture experiments. B Cell invasion assay. BTC cell invasion was accelerated by MIC-1. C Apoptosis 
assay. A higher level of apoptosis was observed in cell lines not treated with MIC-1 than in those treated with MIC-1. D Anticancer drug sensitivity 
assay. The effective concentration of GEM was 100 nM in both tumour cell lines (left two figures). MIC-1 inhibited the anticancer effect of GEM (right 
two figures). * P < 0.05 and ** P < 0.01

(See figure on next page.)
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Fig. 2 (See legend on previous page.)
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58.6%, specificity 65.1%) (P value < 0.05). The combina-
tion of M30 and MIC-1 was better able to diagnose early 
BTC than bile cytology or brush cytology, although a sig-
nificant difference was not observed (Fig. 5B).

DFS was not significantly different between the patients 
with serum M30 ≥ the median and the patients with 
serum M30 < the median (P value = 0.48 Fig.  6A). DFS 
was not significantly different between the patients with 
serum MIC-1 ≥ the median and the patients with serum 
MIC-1 < the median (P value = 0.60, Fig. 6B). OS was not 
significantly different between the patients with serum 
M30 ≥ the median and the patients with serum M30 < the 
median (P value = 0.56, Fig.  6C). However, OS was sig-
nificantly longer in the patients with serum MIC-1 < the 
median than in the patients with serum MIC-1 ≥ the 
median (P value = 0.01, Fig. 6D).

Discussion
The present study produce the results described below. 1. 
MIC-1 expression was observed in not only BTC cells but 
also normal bile duct epithelial cells. However, the inten-
sity of MIC-1 immunostaining detected in the TMA was 

higher in BTC tissues than in normal tissues. Further-
more, MIC-1 expression was stronger in BTC cells than 
in normal bile duct epithelial cells, based on western blot 
and RT–PCR data. On the other hand, MIC-1 expression 
was detected in normal bile duct epithelial cells using 
western blotting and RT–PCR. Consequently, the MIC-1 
expression levels observed in normal bile duct epithelial 
cells from surgical specimens were consistent with the 
western blotting and RT–PCR results. 2. MIC-1 sup-
pressed BTC cell apoptosis and accelerated BTC prolifer-
ation and invasion; furthermore, MIC-1 inhibited cellular 
sensitivity to gemcitabine. 3. The serum levels of MIC-1 
and the apoptosis marker M30 were significantly elevated 
in patients with BTC (all-stage and early BTC) compared 
with control subjects. Furthermore, serum MIC-1 levels 
correlated with the tumour stage and serum M30 lev-
els. The combination of MIC-1 and M30 was an efficient 
diagnostic biomarker for BTC and early BTC. 4. BTC 
patients with high serum MIC-1 showed poor prognosis.

The function of MIC-1 depends on the tumour loca-
tion. A summary of reports on the effect of MIC-1 on 
several cancers is provided in Table  3 [24, 32, 40–65]; 

Fig. 3 Correlation between serum MIC-1 levels and several clinical parameters in patients with BTC. A Serum MIC-1 levels were significantly higher 
in patients with stage IV BTC than in patients with stage I/II/III BTC (526.6 (231.1–788.4) vs. 288.1 (42.7–720.2) ×  10–2 ng/ml, P < 0.01). B Serum MIC-1 
levels and UICC stage showed a significant positive correlation. C Serum MIC-1 and ALT levels did not show a significant correlation. D Serum M30 
levels were significantly higher in patients with stage III/IV BTC than in patients with stage I/II BTC (558.0 (105.4–1128.2) vs. 277.0 (100.6–1110.6) U/L, 
p = 0.015). E Serum M30 levels and the UICC stage showed a significant positive correlation. F Serum M30 and MIC-1 levels showed a significant 
positive correlation. * P < 0.05 and ** P < 0.01
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however, the relationship between MIC-1 and BTC is 
unknown. In the present study, MIC-1 suppressed BTC 
cell apoptosis; therefore, we posit that MIC-1 promotes 
tumour progression. HuCCT-1 cell proliferation was 
stimulated by 6.25–50  ng/ml MIC-1 but not by 100–
200  ng/ml MIC-1. Previous studies have used several 
concentrations of MIC-1 in cell proliferation assays; one 
such report treated cells with 0–40  ng/ml MIC-1 and 
found that pancreatic cancer cell lines exposed to MIC-1 
exhibited a greater increase in proliferation than control 
cells [23]. Another previous study used 200 ng/ml MIC-1 
[32], and although MIC-1 was reported to contribute to 
the maintenance of breast cancer stem-like cells, a breast 
cancer cell line treated with this concentration of MIC-1 
showed less proliferation than the control cells. Based on 
previous publications and reported physiological con-
centrations, 100–200 ng/ml MIC-1 might be too high to 
positively affect the proliferation of cell lines.

MIC-1 promoted cancer growth by suppressing the 
apoptosis of BTC cells. Thus, therapeutic agents target-
ing MIC-1 are a potential approach for treating BTC. A 
report described that MIC-1 is expressed after bile duct 
injury and may regulate bile duct proliferation and biliary 
tumour formation [67]. However, the detailed mecha-
nism by which MIC-1 suppresses BTC cell apoptosis is 
unknown. In previous studies, commonalities between 
the mechanism of BTC progression and the protumori-
genic effects of MIC-1 include increases in the activities 

of the JAK–STAT3 and PI3K–AKT signalling pathways. 
In a study of the relationship between MIC-1 and tumour 
progression, MIC-1 was reported to induce tumour pro-
gression via STAT3 activation [68], and STAT-3 signal-
ling was shown to prevent tumour cell apoptosis [69]. In 
addition, MIC-1 activates the PI3K–AKT signalling path-
way and reduces apoptosis [70]. Regarding the mecha-
nism of BTC progression, IL-6 was reported to activate 
the JAK–STAT3 pathway, which promotes tumour cell 
proliferation and invasion [71, 72]. In addition, activation 
of the PI3K–AKT pathway was reported to induce BTC 
progression [73–75]. In the future, the mechanism by 
which MIC-1 affects BTC progression may be clarified by 
investigating cytokines and cytokine-related intracellular 
signalling pathways.

In the present study, the serum MIC-1 level was a use-
ful diagnostic marker of BTC, and elevated serum MIC-1 
levels were also observed in patients with BTC and 
reflected tumour progression. Moreover, OS was signifi-
cantly shorter in BTC patients with high serum MIC-1. 
Therefore, the serum MIC-1 level has potential as a use-
ful prognostic biomarker of BTC. In addition, the com-
bination of serum MIC-1 levels and serum levels of the 
apoptosis marker M30 was effective at diagnosing BTC. 
As described above, a previous study reported the effi-
cacy of biliary MIC-1 levels in diagnosing individuals 
with BTC (cut-off value: 58.2 ×  10–2  ng/ml, AUC 0.77, 
sensitivity 71.4%, specificity 82.8%) [18]; however, this 
method is limited by the invasive nature of measuring 
biliary MIC-1 levels. The application of serum MIC-1 

Table 1 Comparison of clinical and demographic characteristics 
and serum markers in patients with benign disease (control) or 
BTC

Control BTC P value

N 62 56

Age, y, mean ± SD 72.3 ± 11.8 72.5 ± 8.4 0.93

Male/female, n 38/24 39/17 0.45

The location of BTC

 Intrahepatic 6

 Peri-hilar 23

 Extrahepatic 27

UICC stage

 I 16

 II 14

 III 12

 IV 14

AST, U/L, mean ± SD 115.7 ± 203.0 126.5 ± 200.4 0.77

ALT, U/L, mean ± SD 133.4 ± 240.1 128.9 ± 146.9 0.90

CRP, mg/dL, mean ± SD 2.4 ± 4.7 3.3 ± 4.0 0.27

CA19-9, U/ml, mean ± SD 561.6 ± 2475.8 6719.1 ± 36,162.6 0.21

M30, U/L, mean ± SD 212.5 ± 133.5 464.2 ± 305.7  < 0.01

MIC-1,  10–2 ng/ml, 
mean ± SD

228.2 ± 149.2 379.0 ± 204.5  < 0.01

Table 2 Comparison of clinical and demographic characteristics 
and serum markers in patients with benign disease (control) or 
early BTC

Control Early BTC P value

N 62 30

Age, y, mean ± SD 72.3 ± 11.8 73.3 ± 9.0 0.70

Male/female 38/24 24/6 0.12

The location of BTC

 Intrahepatic 1

 Peri-hilar 12

 Extrahepatic 17

UICC stage

 I 16

 II 14

AST, U/L, mean ± SD 115.7 ± 203.0 137.9 ± 259.4 0.69

ALT, U/L, mean ± SD 133.4 ± 240.1 144.5 ± 184.6 0.84

CRP, mg/dL, mean ± SD 2.4 ± 4.7 3.2 ± 4.4 0.40

CA19-9, U/ml, mean ± SD 561.6 ± 2475.8 479.1 ± 1935.6 0.88

M30, U/L, mean ± SD 212.5 ± 133.5 386.3 ± 300.6  < 0.01

MIC-1,  10–2 ng/ml, mean ± SD 228.2 ± 149.2 338.7 ± 196.7  < 0.01
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and M30 levels overcomes this limitation and was supe-
rior to the diagnostic ability of biliary MIC-1 levels (the 
combination of serum MIC-1 and M30 levels for diag-
nosing BTC: AUC 0.813, sensitivity 80%, specificity 
74.4%). Additionally, the serum MIC-1 level was posi-
tively correlated with the serum M30 level, a finding that 

differed from the cell culture experiment findings. One 
potential explanation for this discrepancy might be that 
MIC-1 increases tumour volume, and consequently, the 

Fig. 4 Ability to diagnose BTC using serum markers. A The AUCs 
of M30 and MIC-1 were higher than that of CA19-9. The AUC of the 
combination of CA19-9 and M30 was significantly higher than that 
of CA19-9. Furthermore, the combination of MIC-1 and M30 resulted 
in the highest AUC. B The ability to diagnose BTC was significantly 
greater using a combination of MIC-1 and M30 than using bile 
cytology or biliary brush cytology. * P < 0.05, ** P < 0.01

Fig. 5 Ability to diagnose early BTC using serum markers. A The AUCs 
of MIC-1 and M30 were higher than that of CA19-9. The AUC was 
highest for the combination of MIC-1 and M30, indicating a greater 
ability to diagnose early BTC. The AUC of the combination of MIC-1 
and M30 was significantly higher than that of CA19-9 (P value < 0.05). 
B Although the difference was not significant, the ability to diagnose 
BTC was improved using the combination of MIC-1 and M30 levels 
compared with biliary cytology or brush cytology. * P < 0.05
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apoptosis of tumour cells increases. The serum M30 level 
properly reflects tumour size [76]; therefore, the serum 
M30 level increases with cancer progression. Notably, 
the M30 level showed a positive correlation with the BTC 

stage (Fig. 3D; r = 0.37; P < 0.01, Spearman’s rank correla-
tion coefficient).

The present study has several limitations. First, 
this study included a relatively small sample size and 

Fig. 6 DFS, OS of BTC patients evaluated based on M30 or MIC-1. A The DFS was not significantly different between the patients with serum 
M30 ≥ the median and the patients with serum M30 < the median. B The DFS was not significantly different between the patients with serum 
MIC-1 ≥ the median and the patients with serum MIC-1 < the median. C The OS was not significantly different between the patients with serum 
M30 ≥ the median and the patients with serum M30 < the median. D The OS was significantly longer in the patients with serum MIC-1 < the median 
than in the patients with serum MIC-1 ≥ the median
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employed a single-centre design. However, the differ-
ence in serum MIC-1 levels between the two groups was 
150.8 ×  10–2  ng/ml, and the standard deviation for the 
comparison between two groups was 191.7 ×  10–2  ng/
ml. Thus, the total sample size necessary to achieve an 
α error of 5% and a β value of 0.2 was 52 cases. When 
serum MIC-1 levels were determined to be the main 

outcome, the minimum number of necessary cases was 
collected. Second, MIC-1 immunostaining was per-
formed on surgical specimens from only two patients; 
then, MIC-1 expression was determined using western 
blotting and RT–PCR and compared between a normal 
bile duct epithelial cell line and BTC cell lines. Third, the 
diagnostic specificity of serum MIC-1 levels for BTC was 

Table 3 Reported functions of MIC-1 in several cancer types

Cancer Author, year Experimental
level

Function

Neck
Oesophagus

Li et al., 2020 [61] In vitro Increases the number of invasive cells

Urakawa et al., 2015 [40] In vitro Associated with cancer growth

Dong et al., 2020 [66] In vitro
In vivo

Induces invasion and metastasis

Okamoto et al., 2020 [65] In vitro Increases proliferation, migration, and invasion

Lung Duan et al., 2019 [41] In vitro
In vivo

Inhibits proliferation, migration, and invasion

Breast Kim et al., 2008 [42] In vitro Participates in malignant progression

Sasahara et al., 2017 [32] In vitro Maintains cancer stem cell properties

Wang et al., 2018 [43] In vitro
In vivo

Represses metastatic potential

Huang et al., 2019 [64] In vitro
In vivo

Facilitates cancer progression via the GDF15–AKT pathway

Gkretsi et al., 2020 [62] In vitro Suppresses tumour cell invasion

Liver Wang et al., 2017 [44] In vitro Increases viability, invasion, migration, and angiogenesis

Xu et al., 2017 [45] In vitro Promotes metastasis

Stomach Lee et al., 2003 [46] In vitro Contributes to cancer progression

Jang et al., 2004 [47] In vitro Promotes the apoptosis of gastric cancer cells

Kim et al., 2008 [42] In vitro Participates in malignant progression

Han et al., 2017 [48] In vitro Activates apoptosis

Pancreas Guo et al., 2021 [24] In vitro
In vivo

Promotes cancer progression

Prostate Liu et al., 2003 [49] In vitro Reduces cell adhesion and induces apoptosis

Senapati et al., 2010 [50] In vitro
In vivo

Induces metastasis

Huang et al., 2014 [51] In vitro
In vivo

Promotes cancer progression

Husaini et al., 2015 [52] In vitro
In vivo

Promotes local invasion and metastatic spread

Zhang et al., 2019 [53] In vitro
In vivo

Inhibits cell proliferation and induces apoptosis

Huang et al., 2020 [60] In vitro
In vivo

Increases IL-8 and IL-6 levels and promotes cancer progression

Blatter Tsui et al., 2015 [54] In vitro
In vivo

Inhibits cell proliferation, invasion and tumorigenesis

Uterus Li et al., 2018 [55] In vitro Enhances cervical cancer cell proliferation

Ovary Griner et al., 2013 [56] In vitro Promotes cancer cell growth

Colon Baek et al., 2001 [57] In vitro Reduces tumorigenicity

Li et al., 2016 [58] In vitro
In vivo

Promotes the epithelial–mesenchymal transition and metastasis

Zheng et al., 2020 [63] In vitro Induces metastasis

Skin Boyle et al., 2009 [59] In vitro
In vivo

Facilitates the development of more aggressive melanoma
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insufficient. However, serum MIC-1 levels are higher in 
patients with pancreaticobiliary cancer than in patients 
with other cancers or pancreaticobiliary inflammatory 
disease [15, 17]. In addition, the specificity was improved 
by combination with a serum apoptosis biomarker.

Conclusions
In summary, previous reports have analysed MIC-1 in 
several types of cancer. However, serum MIC-1 levels 
were shown to be elevated to a greater extent in patients 
with pancreaticobiliary cancer than in patients with other 
types of cancer. Although MIC-1 and pancreatic cancer 
have been the focus of several previous studies, the effect 
and efficacy of MIC-1 have not been investigated in BTC. 
We previously reported the efficacy of evaluating biliary 
MIC-1 levels in diagnosing BTC. However, bile collection 
is an invasive procedure. The novelty of this study is the 
documentation of the effect of MIC-1 on BTC and the 
establishment of a new, noninvasive diagnostic method 
for BTC. Moreover, BTC patients with high serum 
MIC-1 had a poor prognosis. In conclusion, MIC-1 sup-
presses BTC cell apoptosis and promotes BTC progres-
sion. Additionally, the serum MIC-1 level reflects BTC 
progression, apoptosis, and prognosis of BTC patients. 
The ability to diagnose BTC is improved using the com-
bination of serum MIC-1 and M30 levels, which is also 
useful for diagnosing early BTC. Therefore, MIC-1 might 
be a useful biomarker, prognostic marker, and therapeu-
tic target in BTC.
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