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Therapeutic effect of photodynamic therapy using hematoporphyrin
monomethyl ether (HMME) on human cholangiocarcinoma cell line QBC939
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Photodynamic therapy (PDT) is an effective local cancer treatment when a photosensitizer is administered and the tumor
is irradiated with light. We examined the effect of PDT using HMME as the photosensitizer, and the 630nm diode laser on
human cholangiocarcinoma cell line QBC939. Cell viability was determined by MTT assay. The percentage of apoptotic
cell was determined by flow cytometry following annexin V/PI staining. Two methods were used for the determination of
apoptosis: terminal deoxynucleotidyl transferase (TdT)-mediated dUTP nick-end labeling assay and laser scanning confocal 
microscope detection. The procaspase-3 and cytochrome c were measured by western blot. In vitro PDT showed excellent
cytotoxicity that was a function of laser energy and drug concentration to the QBC939 cell lines. PDT-mediated cell death 
occurred predominantly by apoptosis in vitro. Furthermore, this treatment initiates early cytochrome c release, followed by 
late procaspase-3 activation. Our study demonstrates that PDT using HMME and the diode laser induces apoptosis that is 
mediated by cytochrome c release and caspase activation in human cholangiocarcinoma cell lines. It is expected that this 
therapy would be clinically useful for the treatment of patients with cholangiocarcinoma.
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Methyloxyethyl)-3-(1-hydroxyethyl) deuteropor-phyrin IX 
that are mutually locational isomers (Fig. 1). HMME has been 
found to be effective in vascular disorders such as portwine
stains and has been approved by the USA’s Federal Drug Ad-
ministration for clinical trials [7–8]. 

Photodynamic therapy (PDT) is a treatment for solid 
malignancies using tissue-penetrating visible light after the ad-
ministration of tumor-localizing photosensitizer [1]. In 1960, 
Lipson et al developed hematoporphyrin derivative (HpD), 
a mixture of porphyrins, for tumor localization [2]. Although 
HpD has been the progenitor of an extensive class of porphyrin 
derivatives, including sodium porfimer (Photofrin II), it suffers
from several drawbacks. Patients are obliged to avoid the sun 
for several weeks after PDT in order to avoid developing hy-
perphotosensitivity of the skin; furthermore, since hemoglobin 
absorption is relatively strong and the efficiency for excitation
of a drug molecule is reduced to 10% at a location less than 10 
mm from the tissue surface [3–5]. In order to overcome these 
drawbacks, a new generation of photosensitizers is being devel-
oped and a number of new agents are now in clinical trials [6]. 
Hematoporphyrin monomethyl ether (HMME), a porphyrin-
related photosensitizer which was first developed in China,
is a second-generation photosensitizer with lower toxicity, 
stronger photodynamic effects, higher tumor selectivity, and
shorter skin photosensitivity. It consists of two monomer 
porphyrins, namely, 3-(1-methyloxyethyl)-8-(1-hydroxyethyl) 
deuteropor-phyrin IX and 8-(1-

 
Figure. 1 Chemical structure of HMME.
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The prognosis of extrahepatic and perihilar cholangiocar-
cinoma is very poor. The overall survival rate is less than 5% 
and curative surgical resection is just appropriate in about 20% 
of cases and associated with an overall 5-year survival of not 
more than 10-30% after curative resection in selected series
[9–12]. This is due mainly to the fact that this cancer has an
asymptomatic course of early stage and that diagnostic tools 
currently available are used too late or are not able to detect 
the early stages of disease [13]. PDT may play a curative or 
palliative role in the management of cholangiocarcinoma. 
Cholangiocarcinoma provides an ideal situation for interven-
tions utilizing PDT with the possibility of curability for the 
commonly localized small tumors. As a palliative therapy, 
PDT has recently been shown to reduce cholestasis and im-
prove quality of life in a small number of patients with Stage 
IV cholangiocarcinoma [14].

In the present study, we evaluated the anti-tumor effects of
PDT using HMME as the photosensitizer and a 630 nm diode 
laser in human cholangiocarcinoma cell line QBC939.

Materials and methods

Photosensitizer. HMME hydrosolvent was purchased from 
HuaDing Bio-Pharmaceutical Co. (ChongQing, China). 
HMME solution was freshly prepared prior to use by dissolving 
in fetal calf serum (FCS)-free RPMI 1640 at a concentration 
of 10 mg/ml and kept in the dark at 4 ºC. Further dilution of 
HMME was carried out in FCS-free RPMI 1640 to reach dif-
ferent concentrations.

Laser units. A diode laser (Diomed 630PDT Laser, United 
Kingdom) was used as the light source for exciting HMME. 
This diode laser is a continuous-wave laser operating at 630
nm wavelength.

Cell culture. Human cholangiocarcinoma cell line QBC939 
was a kind gift from Dr Shuguang Wang (Third Military
Medical University, Chongqing, China). QBC939 cells were 
maintained in a humidified 5% CO2 incubator at 37 ºC in 
RPMI 1640 (Gibco) supplemented with 10% FCS (Gibco), 100 
IU/ml penicillin and 100 mg/ml streptomycin. All experiments 
were carried out in exponentially growing cells.

Photodynamic therapy and photocytotoxicity assay. QBC939 
cells in 200 μl of 10% FCS RPMI 1640 medium (1.5 × 104 
cells/well) were incubated in the 96-well flat-bottomed micro-
titer plates at 37 ºC in a 5% CO2 incubator. When cells were in 
exponential growth phase, the supernatants were removed and 
replaced with 200 μl fresh FCS-free medium. The cells were
incubated with varying concentrations of HMME (0, 0.5, 1.0, 
1.5, 2.0 μg/ml) for 3 h. The medium containing the drug was
then aspirated and the cells were rinsed with phosopate buffered
saline (PBS) and then replacing with another 200 μl RPMI 1640 
before illumination. Irradiation was carried out at different light
doses (0, 3, 9, 18, 27 J/cm2) at 630 nm with an output of 100 mW. 
Following this treatment, medium was replaced by 10% FCS 
RPMI 1640 and the cells were grown on again for a further 24 
h. To evaluate cell viability and thus calculate the percentage of 

phototoxicity, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT) assay was employed. Briefly, the cells with
media only served as a positive control and 200 μl of the medium 
alone without cells and reagent was used as a negative control. 
Following photodynamic treatment of the cells in microtiter 
plates as mentioned above, 20 μl of the MTT dye (5 mg/ml, 
Sigma) was added into each well. The unreactive supernatants
in the well were carefully aspirated and replaced with 100 μl of 
isopropanol supplemented with 0.05 M HCl to solubilize the 
reactive dye. The absorbance (A) values of each well at 540 nm 
were read using an automatic multiwell spectrophotometer 
(Bio-Rad, Japan). The negative control well was used for zeroing
absorbance. The percentage of cytotoxicity was calculated using
the background-corrected absorbance as follows:

inhibitive rate = (1 - [A of experimental well/A of positive 
control well]) × 100%

Experiments were performed at least three times with 
representative data presented.

Determination of cell death and apoptosis or necrosis image 
detection. Apoptosis or necrosis detection post-PDT were 
determined by flow cytometer using the Annexin V–FITC
Apoptosis Kit (BD Bioscience, USA). Approximately 1 × 106 
QBC939 cells that had received photodynamic treatment 
(HMME 0.5, 1.5 μg/mL, light dose 3, 9 J/cm2, 3 h after incu-
bation) were gently scraped and washed twice with cold PBS 
at 8 h following photodynamic treatment. Cells were resus-
pended with 100 μl annexin-V binding buffer then incubated
with 10 μl annexin-V for 15 min at room temperature in the 
dark. Then 400 μl binding buffer containing 5 μl PI was added
to the cells and incubated on ice for 15 min. The cells were
sampled with a FacsCalibur flow cytometer (Becton Dickin-
son, USA) within 1 h. A total of 1 × 104 cells were analyzed in 
each sample. Data analysis was carried out with CELLQuest 
software (Becton Dickinson, USA). The results were inter-
preted as Table. 1.

Table. 1 Explanation for results of flow cytometer

Quadrant Meaning

I.Lower left quadrant annexin V(–)/PI(–): considered as living cells
II. Lower right quadrant annexin V(+)/PI(–): considered as apoptotic 

cells
III. Upper right quadrant annexin V(+)/PI(+): considered as necrotic 

cells
IV. Upper left quadrant annexin V(–)/PI(+): considered as bare nu-

clei, cells 
in late necrosis, or cellular debris.

QBC939 cells were incubated in 12-well flat-bottomed
microtiter plates. Three hours after HMME was added, the
cells received photodynamic treatment (HMME 1.0 μg/ml, 
light dose 3 J/cm2) as described above. The cell samples were
rinsed with fresh medium and stained with the Annexin 
V–FITC Apoptosis Kit (BD Bioscience, USA) at 8 and 16 



81HEMATOPORPHYRIN MONOMETHYL ETHER IN CHOLANGIOCARCINOMA

h after irradiation. All images were then captured using the
laser scanning confocal microscope (LSCM, Zeiss 510 meta, 
Germany) to assess the staining differences of apoptosis or
necrosis. The results were interpreted as follows: cells dis-
play green fluorescence as apoptotic cells; cells display red
fluorescence as late necrosis cells; cells display green and red
fluorescence as necrosis cells.

TUNEL assay. TUNEL assay was performed using the DNA 
Fragmentation Detection Kit (Roche, Germany). We selected 
QBC939 cells in logarithmic growth phase, and using inoculated 
culture dishes placed with 6 × 6 mm coverslips. Then coverslips
were incubated with HMME for 3 h, the cells received pho-
todynamic treatment (HMME 1 μg/ml, light dose 18 J/cm2) 
as described above. Air dried cell samples were fixed with
paraformaldehyde solution for 30 min at 8 h after irradiation.
Coverslips were rinsed with PBS and incubated with blocking 
solution (0.3% H2O2 in methanol) for 30 min. Coverslips were 
rinsed with PBS and incubated in permeabilisation solution 
(0.1% Triton X-100 in 0.1% sodium citrate) for 2 min in ice. 
TUNEL reaction mixture were added with 50 μl in sample. 
Coverslips were incubated in a humidified chamber for 1 h at
37 �. Coverter-POD were added with 50 μl in sample. Cover-
slips were incubate in a humidified chamber for 30 min at 37 �.
Coverslips were rinsed with PBS for three times. DAB substate 
solution were added with 50-100 μl for 15 min. Coverslips were 
rinsd with PBS for three times and were mountd above glass 
slides, then analysed under light microscope.

Western blot analysis. After the QBC939 cells received photo-
dynamic treatment (HMME 1, 2 μg/ml, light dose 9, 27 J/cm2) 
as described above. Cell pellets were washed once with ice-cold 
PBS and lysed in lysis buffer (20 mM HEPES-KOH, 250 mM
sucrose, pH 7.5, 10 mM KCl, 1.5 mM MgCl2, 1 mM sodium 
EDTA, 1 mM dithiothreitol and 0.1 mM phenylmethylsulfonyl 
fluoride) at 8 h. The cells were homogenized on ice for 15 min
and the homogenates were centrifuged twice at 1000 g for 10 
min. The supernatants were centrifuged at 12,000 g for 15 min 
at 4 °C, and the resulting supernatants were cytosol without 
mitochondria. The protein concentration of cell extracts was
determined using a Bradford protein assay. Cytosol protein 
was loaded and separated on 12% sodium dodecyl sulfate 
(SDS) polyacrylamide gel and transferred to a nitrocellulose 
membrane by standard electric transfer protocol. The mem-
branes were blocked with 0.5% dry milk in PBS. The primary
antibodies used were mouse antihuman cytochrome C and 
caspase-3 monoclonal antibody (1 : 3000, Santa, USA), and the 
secondary antibody was horseradish peroxidase-conjugated 
goat anti-mouse IgG (1 : 5000, Santa, USA). The membranes
were hybridized according to the Amersham’s ECL protocol. 
The membrane was exposed to X-ray film. The relative level of 
cytochrome C and caspase-3 was obtained after normalization
with the level of β-actin in the same lane.

Statistical analysis. All data were presented as mean ± SD 
of three independent experiments. Statistical significance
was determined using Student’s t-test. P<0.05 was considered 
statistically significant.

Results

Photocytotoxicity assay. Fig. 2 shows the inhibitive rate 
curve. MTT assay showed that there was no significant dif-
ference in the survival rate of cells exposed to light alone (P 
> 0.05) or HMME alone (P > 0.05) compared to blank con-
trols (neither light nor HMME). HMME alone or laser alone 
showed no cytotoxicity to QBC939 cells, which was important 
because it indicated that no dark toxicity existed concerning 
HMME. When HMME combined with laser illumination, the 
photocytotoxicity were both drug dose- and light dose-de-
pendent. The inhibitive rate of cells was significantly increased
with increasing light dose (0-27 J/cm2, P = 0.004). The same
difference was observed with an increasing HMME dose (0-
2.0 μg/ml, P = 0.002). QBC939 cells seemed very sensitive to 
HMMEbased PDT. When the HMME dose reached 2.0 μg/ml, 
lots of cells were killed even in a lower laser dose (3 J/cm2).

Figure. 2 Photocytotoxity of hematoporphyrin monomethyl ether (HMME) 
to QBC939 cells. Shown are the cell inhibitive rates at 24 h after photody-
namic treatment with different concentrations of HMME (0–2.0 μg/ml)
and different light doses (0–27 J/cm2).

Flow cytometric analysis and apoptosis or necrosis image

PI uptake by At 8 h following PDT, dual staining of cells with 
Annexin V/PI and analysis using flow cytometry were used to dis-
tinguish apoptotic from necrotic cells. Flow cytometry dot plots of 
the simultaneous binding of Annexin V–FITC andcells are shown 
in Fig. 3. The apoptotic cells were mainly characterized as Annexin
V(+)/PI(–), representing apoptosis. Therefore,HMME-basedPDT
induced direct apoptosis rather than necrosis in QBC939 cells.

Fig. 4(a) shows strong green fluorescence of QBC939 cells at
8 h after photodynamic treatment indicating apoptotic cells, the
membrane of cells were intact. Fig. 4(b) shows weaker green fluores-
cence in the cellular membrane and red fluorescence in the cellular
nucleus at 16 h following PDT, which indicated cellular membrane 
disrupted. The cells had transition from apoptosis to necrosis.
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a. exposed to light alone b. HMME-alone 

       

c. HMME 0.5 �g/ml + light dose 3 J/cm2  d. HMME 0.5 �g/ml + light dose 9 J/cm2

       

e. HMME 1.5 �g/ml + light dose 3 J/cm2 f. HMME 1.5 �g/ml + light dose 9 J/cm2

 Figure. 3 Cell death mode induced by hematoporphyrin monomethyl ether-based photodynamic treatment. Flow cytometry analysis of QBC939 cells.

  

 
Figure. 4 LSCM image of QBC939 cell after PDT.
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TUNEL assay. Fig. 5 shows QBC939 cells treated with PDT 
were assayed for apoptosis by TUNEL. QBC939 cells could 
induce apoptosis. The abnormal chromatin clumps, nuclear
membrane wrinkling, nuclear collapse, cytoplasm bubble 
and cytomembrane wrinkling had appeared after treatment
with PDT. Apoptotic cells were not shown by TUNEL as-
say in HMME-alone and exposed to light alone cells. In this 
kit terminal deoxynucleotidyl transferase, which catalyzes 
polymerization of nucleotides to free 3’-OH DNA ends in 
a template-independent manner, was used to label DNA strand 

breaks. After substrate reaction, stained cells can be analyzed
under light microscope.

Assay for cytochrome and procaspase-3. TheWesternblotanaly-
sis indicated the release of cytochrome c from the mitochondria 
into cytosol after PDT (Fig. 6a). Increased levels of cytochrome
c were notably detected in the cytosol after 8 h. To determine
whether caspase-3 plays a role in berbamine mediated apoptosis 
of QBC939 cells, we assessed the procaspase-3 protein level of the 
QBC939 cells before and after treatment with PDT. Western blot
result showed that procaspase-3 decreased (Fig. 6b).

      

 

 

  

 

 

 
 

  

 

 

 
 

Figure. 5 TUNEL assay of QBC939 cells after PDT. a. HMME-alone b. exposed to light alone c. HMME 1 μg/ml + light dose 18 J/cm2

Figure. 6
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Discussion

The poor prognosis of cholangiocarcinoma and recent
development in photomedicine have generated a considerable 
interest in PDT for this disease. Wong Kee Song et al have suc-
cessfully treated cholangiocarcinoma nodules on the peritoneal 
surface with laser-light activated mono-l-aspartyl chlorin e6 
(NPe6) and HpD in nude mice, resulting in prolongation of 
survival [15]. Clinical studies also showed favorable results 
of photodynamic therapy for cholangiocarcinoma patients 
[16–18]. HMME is a novel second generation of photosen-
sitizers, we provided the evidences that HMME is a novel 
photosensitizer for cholangiocarcinoma treatment. 

The cytotoxic efficacy of PDT relies on a bimodal protocol
comprised of a chemical photosensitizer and light irradiation. 
Neither the photosensitizer nor the light alone is toxic [19]. Our 
study shows that no apoptotic phenomena were observed in 
QBC939 cells treated either with a photosensitizer only or light 
only. However, these two elements in combination induced 
apoptosis in QBC939 cells, which are particularly resistant to 
cell death via apoptosis, irrespective of the stimuli. The results
are consistent with the conclusion mentioned above.

In addition to the development of new photosensitizers, 
continued improvements in clinical PDT will come from the 
translation of information generated from studies examining 
basic mechanisms of this procedure. Apoptotic and necrotic 
pathways are both involved in PDT mediated cell death [20]. To 
determine the underlying mechanisms of the growth inhibitory 
effect of PDT, we investigated whether PDT using HMME act
by inducing apoptosis of human cholangiocarcinoma cells. For 
this purpose, we performed TUNEL assays and LSCM for the 
detection of fragmented monoand oligo-nucleosomes. In both 
assays, apoptosis was observed in human cholangiocarcinoma 
cell lines that were treated with HMME and diode laser.

PDT can induce cell death through necrosis or apoptosis 
both in vivo and in vitro, the type of cell death triggered by PDT 
is dependent on the photosensitizer used, illumination condi-
tions, oxygenation status of tissue, and the type of cells involved 
[21]. As shown in Fig. 3, two types of cell death, apoptosis and 
necrosis were observed in the QBC939 cells receiving HMME-
PDT as performed in this study, but apoptosis preferentially 
occurred. Mitochondria play a pivotal role in apoptosis, the 
release of cytochrome c from mitochondria into the cytosol 
triggers the assembly of Apaf-1 (apoptotic protease-activat-
ing factor) and procaspase-9 to form an apoptosome in the 
presence of dATP or ATP. Procaspase-9 is then autocleaved 
to active caspase-9, which in turn activates procaspase-3 to 
active caspase-3, resulting in cleavage of its substrates and 
apoptosis. Our study provides PDT using HMME increased 
considerably the release of cytochrome c from mitochondria 
at an early stage in QBC939 cells and decreased the content 
of procaspase-3. Results from our study demonstrated that 
treatment of the human cholangiocarcinoma cells with PDT 
initiates early cytochrome c release, followed by late caspase 
activation.

PDT may be of importance in the treatment of human 
cholangiocarcinoma. The tumor is usually localized but often
unresectable due to involvement of critical structures, such as 
bifurcation of the common bile duct. Localized therapy can be 
applied to such lesions using endoscopically placed fibers that can
easily traverse allmost all stenotic lesions. This therapy would be
considered minimally invasive and produce minimal systemic 
toxicity [22]. TheroleofPDTmaynotonlybepalliative in termsof
improving bile flow but conceivably even curative in the treatment
of early lesions, as has been found for patients with predisposing 
conditions such as primary sclerosing cholangitis.

In conclusion, the present study demonstrates that PDT 
using HMME and the 630nm laser induces cell death, mainly 
through apoptosis in human cholangiocarcinoma cells. From 
our studies, the mechanism of apoptosis induced PDT using 
HMME appears to involve release of cytochrome c into the 
cytoplasm and caspase activation. Although further studies are 
needed for the technical aspect, it is expected that this therapy, 
after finalizing experimental studies, could be clinically useful
for the treatment of patients with cholangiocarcinoma.
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