
Abstract. Background/Aim: Previous studies on the accuracy
of 5-aminolevulinic-acid-mediated photodynamic diagnosis (5-
ALA PDD) have been reported for various cancers and brain
surgery. However, biliary tract cancer is rare. Therefore, 5-ALA
PDD has not been fully evaluated in biliary tract cancers. Small
biliary tract cancer lesions such as peritoneal dissemination,
liver metastases, and lymph node metastases are negative
prognosticators in patients with biliary cancer. The purpose of
this exploratory study was to determine if 5-ALA PDD could
detect small biliary tract cancer lesions in murine models of
biliary cancers. Materials and Methods: Biliary cancer cell lines
(TFK-1, HuCCT-1, G415, HuH28, SSP25, RBE, KKU055 and
KKU100) and Normal human dermal fibroblast cells were used
to evaluate protoporphyrin IX (PpIX) accumulation in vitro.
Subcutaneous tumor mice were established using two cell lines
(TFK-1 and HuCCT-1). 5-ALA (250 mg/kg) was administered
intraperitoneally, and fluorescent 5ALA-PDD was performed 3
h later to evaluate tumoral PpIX accumulation. A murine
peritoneal disseminated nodule model was established by
intraperitoneal injection of TFK-1 cells. Four weeks later, 5-ALA
was administered intraperitoneally, and 5-ALA-PDD was
performed 3 h post administration to evaluate PpIX
accumulation in the disseminated nodules. The presence of
tumor cells in tumors and nodules was confirmed by
haematoxylin and eosin staining. Results: Compared TO non-

cancerous cell lines, PpIX accumulation was increased in biliary
tract cancer cell lines. PpIX accumulation led to a strong
fluorescent signal in all subcutaneous tumors. In the murine
model of peritoneal dissemination, microdisseminated nodules
(<1 mm) that could not be detected under white light were
clearly visible using 5-ALA-PDD. Conclusion: 5-ALA PDD was
useful for diagnosis of biliary tract cancer and detection of small
peritoneal metastatic lesions in murine models of biliary
cancers. Clinical studies and applications of 5-ALA PDD for
biliary tract cancer are expected in the future.

Biliary cancers, such as perihilar cholangiocarcinoma,
gallbladder carcinoma and intrahepatic cholangiocarcinoma,
are one of the most difficult cancers to manage regarding
staging and radical resection. Despite these facts, preoperative
diagnosis, management, and operative strategies have
improved. Major hepatectomy and vascular reconstructions
for curative resection of biliary cancers are highly invasive
surgeries associated with high morbidity and mortality, with
a 5-year survival rate of approximately 40% (1-6).

Biliary carcinoma exhibits multiple recurrence patterns
with distant metastasis such as liver or peritoneal metastases
being most common. Therefore, many patients already have
small, minimally-invasive, occult liver or peritoneal
metastasis before undergoing surgery (1, 7). Presently,
modalities such as computed tomography and magnetic
resonance imaging are inadequate for the detection of small
occult lesions. Improved detection of small lesions could
inform surgeons to avoid any unnecessary surgeries. 

The metabolite of the amino acid 5-aminolevulinic acid (5-
ALA), termed protoporphyrin IX (PpIX) selectively
accumulates in tumors. PpIX emits red fluorescence peaking
at 635 nm under blue-violet light excitation of 400-410 nm (8).
In clinical trials, Stummer et al. (9) first demonstrated the use
of photodynamic diagnosis (PDD) using 5-ALA to diagnose
malignant glioma, intraoperatively. Subsequently, 5-ALA PDD
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use has been evaluated for various cancers and brain surgery
(8, 10, 11). However, biliary tract cancer is rare. Therefore, 5-
ALA PDD has not been fully evaluated in biliary tract cancers
(12, 13). 5-ALA PDD could be useful for detecting occult
lesions, which are negative prognosticators in patients with
biliary cancer, and, therefore, could herald a new era in biliary
malignancy management. 

The aim of this exploratory study was to evaluate whether
5-ALA PDD would be useful for detecting occult lesions in
biliary cancers. First, we examined tumor-specific PpIX
accumulation in vitro in biliary tract cancer cell lines.
Second, we utilised murine models of biliary tract cancer to
determine if small peritoneal disseminated nodules could be
detected using 5-ALA PDD.

Materials and Methods
Cell culture. The biliary tract cancer cell lines KKU055 and KKU100
were purchased from the Japanese Collection of Research Bioresources
(JCRB, Osaka, Japan). The biliary tract cancer cell lines HuH28, SSP25
and RBE, were purchased from RIKEN Bio Resource Center (Tokyo,
Japan). The biliary tract cancer cell lines TFK-1, HuCCT-1 and G415
were provided by the Cell Resource Center for Biomedical Research,
Tohoku University (Sendai, Japan). Normal human dermal fibroblasts
(NHDF) were purchased from PromoCell (Heidelberg, Germany). All
cells were cultured in appropriate media: RPMI-1640 (Nacalai Tesque,
Kyoto, Japan) for TFK-1, HuCCT-1, G415, HuH28, SSP25 and RBE
cells and Dulbecco’s modified Eagle’s medium (Nacalai tesque, Kyoto,
Japan) for KKU055, KKU100 and NHDF cells. Media were
supplemented with 10% foetal bovine serum (Cell culture Bioscience,
Tokyo, Japan) and 1% penicillin-streptomycin (Life Technologies,
Tokyo, Japan). Cells were maintained at 37 °C in a 5% CO2 atmosphere.

PpIX fluorescence measurements. Cells were incubated in medium
containing various concentrations of 5ALA for 3 h. Cells were re-
suspended in a 96-well plate. PpIX accumulation was measured by
fluorescence intensity using the IVIS Spectrum imaging system
(Caliper Life-Sciences, Hopkinton, MA, USA) at an excitation
wavelength of 430 nm and an emission wavelength of 640 nm.
Fluorescence was observed using a Flashlight type Violet LED (SBI
Pharmaceuticals Co. Ltd., Tokyo, Japan) and Sharp cut filter (cut-off
wavelength, 460 nm; SBI Pharmaceuticals Co. Ltd., Tokyo, Japan).

Murine subcutaneous tumor model. Five-week-old male BALB/c
nude mice were purchased from CLEA (Tokyo, Japan). TFK-1 and
HuCCT-1 cells (1×107) in 100 μL of HBSS (Gibco, Carlsbad, CA).
containing Matrigel (Corning, NY, USA) were injected
subcutaneously into the back. After 5 weeks, when the average
tumor diameter was approximately 8 mm, 5-ALA (250 mg/kg) was
administrated intraperitoneally. 

Establishment of the murine model of peritoneal metastasis. 
TFK-1 cells (5×105) were injected into the peritoneal cavity under
general anaesthesia. After 4 weeks, 5-ALA hydrochloride (SBI
Pharmaceuticals) was administered intraperitoneally at a dose of 250
mg/kg body weight. Three h post administration, mice were euthanized,
and laparotomies were performed. Peritoneal metastatic nodules were
observed under white light and fluorescence imaging (described above). 

This study was approved by the Institutional Animal Care and
Use Committee at the Hokkaido University and was performed
according to institutional guidelines. 

Results
Accumulation of PpIX in biliary cancer cell lines. We
investigated whether PpIX accumulation in TFK-1, HuCCT-
1, and G415 cell lines and NHDF cells (control) could be
detected using 5-ALA. A range of 5-ALA concentrations (0.5,
1, and 10 mM) were evaluated in various cell numbers (1 to
1×105). At 5-ALA concentrations above 1 mM, the
fluorescence intensities of biliary tract cancer cell lines were
greater compared with that in the NHDF cells (Figure 1).
Similar results were obtained for the RBE, HuH28, HSP25,
KKU25, and KKU100 cells (data not shown). 

Murine subcutaneous tumor model. Five subcutaneous tumor
model mice were prepared using two biliary tract cancer cell
lines (TFK-1 and HuCCT-1) to determine if PpIX fluorescence
could be detected after 5-ALA administration. PpIX
accumulation led to a strong fluorescent signal in all mice
(Figure 2). Subcutaneous tumors were histopathologically
confirmed to be cancerous (data not shown). Fluorescence was
detected in both solid and cystic tumors (data not shown). 

Murine peritoneal dissemination model. 5-ALA PDD was
conducted using a TFK-1 murine model of liver metastasis
and peritoneal dissemination. Ten mice were euthanised 3 h
post 5-ALA (250 mg/kg) administration. Figure 3A shows a
strong fluorescent signal for liver metastases (approximately
1.5 mm diameter) indicating marked PpIX accumulation.
PpIX accumulation was also detected in small peritoneal
lesions (<1 mm) (Figure 3B). Liver metastases and
peritoneal lesions were histopathologically confirmed as
adenocarcinomas (Figure 3A and B, respectively). PpIX
accumulates in the small and large intestines; therefore,
peritoneal disseminations on the surface of these organs
could not be detected using 5-ALA PDD (data not shown). 

Discussion

In the present study, PpIX accumulation was significantly
greater in biliary tract cancer cells compared with that in
control NHDF cells. Furthermore, fluorescent visualisation of
PpIX accumulation was possible in murine subcutaneous tumor
models of biliary cancer in both solid and cystic tumors. These
findings suggest that 5-ALA PDD could be applied to various
tumor types. Most importantly, we demonstrated that 5-ALA
PDD could be used successfully to detect small peritoneal
disseminated lesions originating from biliary malignancies. 

The present exploratory study forms the basis for a potential
clinical application of 5-ALA PDD in detecting biliary tract
cancer disseminations in patients. However, several issues must
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be resolved before the technique can be evaluated clinically.
Foremost would be the issue of light penetration depth. Blue
light excitation is used for 5-ALA PDD. However, blue light
penetration depth is shallower than that of red light (mean, 0.6
cm) (14, 15), and blue light penetration depth is significantly
affected by adipose tissue. Therefore, it would be difficult to
observe tumors originating outside the bile duct, but 5-ALA
PDD might be useful for detection of exposed tumor cells such
as those on the resected stump of the bile duct. 

A further issue could be the differential diagnosis of
inflammation. Previous studies have shown that PpIX
accumulates at inflammation sites (16, 17). More than half
of the patients undergoing surgery for bile duct surface
tumors also undergo preoperative biliary drainage, which can
lead to significant inflammation, posing a problem for 
5-ALA PDD. Furthermore, previous studies have also
demonstrated that 5-ALA is excreted in the bile, which while
useful for a diagnosis of intraoperative bile leakage, might
lead to false positives for bile duct cut surface (18, 19). 

Previous clinical studies have shown that 5-ALA PDD
could detect peritoneal disseminated lesions from both
gastric and ovarian cancers (20-22). Similarly, in the
present study, it was possible to detect small disseminated
lesions originating from biliary tract cancer. However, as
seen in the present and previous studies that utilized
murine models, non-specific PpIX accumulation occurs in
other organs, particularly the small and large intestines
(23). Therefore, we could not determine if
microdisseminated lesions were present on the surface of
these organs. 

Conclusion

5-ALA PDD was useful for detecting biliary tumors, liver
metastases, and small peritoneal disseminated lesions in
murine models of biliary tract cancers. Studies to evaluate
the clinical application of 5-ALA PDD in patients with
biliary tract cancer are expected in the future.
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Figure 2. Fluorescent imaging of TFK-1 subcutaneous tumors in mice.
Strong fluorescence was observed in the bisected tumor.

Figure 1. Fluorescent intensities of 5-ALA PDD in vitro. Fluorescence
was quantitated using the IVIS Spectrum imaging system. 

Figure 3. Disseminated nodule imaging. A: Liver metastatic tumor nodule
(TFK-1 cells) in mice. The nodule diameter was approximately 1.5 mm.
B: Microdisseminated nodules (TFK-1 cells) in mice. The nodule diameter
was <1 mm. Right-side panels show corresponding haematoxylin and
eosin staining to confirm the tumors as adenocarcinomas.
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