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molecules involved in Lonicera japonica-induced
photokilling in human lung cancer CH27 cells
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Abstract

Background: The Lonicera japonica has been used as natural and healthy drink for its anti-inflammatory effect and
pleasant odor in China and Taiwan.

Methods: 2D electrophoresis was used to analyze the proteins involved in photoactivated Lonicera japonica-
induced CH27 cell apoptosis. The fluorescent dyes MitoTracker Red CMXRos, calcein AM and JC-1 were used to
elucidate mitochondrial function. The protein expression was performed by Western blotting. Fluorescent image of
endoplasmic reticulum was accomplished by using ER-Tracker Green. This study used fluorescent dye CM-H2DCFDA
to detect intracellular generation of reactive oxygen species.

Results: The identified proteins can be classified into three major groups, which include proteins involved in
mitochondrial function, cytoskeleton-related proteins and proteins associated with endoplasmic reticulum (ER)
stress. Photoactivated Lonicera japonica caused a significant effect on the mitochondrial function and ER stress in
CH27 cells. The reactive oxygen species producing was found to be involved in photoactivated Lonicera japonica-
induced CH27 cell apoptosis.

Conclusion: Mitochondria and endoplasmic reticulum are the integral targets in photoactivated Lonicera japonica-
induced CH27 cell apoptosis. We also demonstrated that ethyl acetate fraction of Lonicera japonica extracts caused
photocytotoxicity in a dose-dependent manner in CH27 cells. This could explain the fact that the ethyl acetate
fraction of Lonicera japonica extracts may contain compounds which exhibit the photosensitizing activity in CH27
cells.

Keywords: Lonicera japonica, Human lung squamous carcinoma CH27 cells, Photocytotoxicity, 2D electrophoresis,
Mitochondrial chaperones, Endoplasmic reticulum chaperones
Background
The Lonicera japonica flower is called Jin Yin Hua in China
and Taiwan. Jin Yin Hua is often used in traditional Chinese
medicine to treat excess heat conditions such as fevers, skin
rashes and sore throat. Therefore, Jin Yin Hua has been
used as natural and healthy drink for its anti-inflammatory
effect and pleasant odor. Recently, the mechanisms of
Lonicera japonica in anti-inflammatory and anti-tumor ac-
tivity have been reported [1,2]. Lonicera japonica extracts
has been found to be an effective non-steroidal anti-
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reproduction in any medium, provided the or
inflammatory drug because it shows preferential inhibition
toward cyclooxygenase-2 activity and protein expression
[2]. Park et al. [1] demonstrated that the polyphenolic
extract isolated from Lonicera japonica triggered HepG2
cell death through inhibition of PI3K/Akt and activation of
mitogen-activated protein kinases (MAPKs). Photodynamic
therapy (PDT) which uses the activation of tumor-
localizing photosensitizing agents by visible light is an ef-
fective therapy for local malignant tumors. In our previous
study, Lonicera japonica was found to exhibit a significant
photocytotoxicity in human lung squamous carcinoma
CH27 cells [3]. We also demonstrated that the promotion
of the cytoskeleton-related signaling cascade following
rottlerin reduced photoactivated Lonicera japonica-induced
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CH27 cell death [4]. However, the molecular mechanisms
underlying the biological effects of photoactivated Lonicera
japonica still remain unknown. Proteomics is now generally
accepted as a method to analyze total protein expression
and elucidate cellular processes at the molecular level [5,6].
In this study, proteomics was used to identify the marker
proteins that are involved in photoactivated Lonicera japon-
ica-induced CH27 cell apoptosis.
Many reports emphasize that heat shock proteins

(HSPs), which are synthesized by cells in response to
various stress conditions, have a complex role in anti-
apoptosis. In general, molecular chaperones can be
found in both the cytoplasm and organelles, such as
the nucleus, mitochondria and endoplasmic reticulum
(ER) in cells. It has been reported that overexpression
of HSP60 is sufficient to prevent apoptosis by
protecting mitochondrial function in cardiac myocytes
[7]. HSP70 and HSP27 inhibit apoptosis through pre-
vention recruitment of procaspase-9 from the apaf-1
apoptosome and inhibition cytochrome c-dependent
activation of procaspase-9 respectively [8,9]. A num-
ber of different models have been proposed to explain
that the ER serves as a critical apoptotic control point
and has a complex role in apoptosis [10-12]. Endo-
plasmic reticulum stress, which is induced by the ac-
cumulation of misfolded proteins in the endoplasmic
reticulum, can initiate cell death under pathological
conditions [12]. When cells accumulate ER stresses,
ER chaperones can be induced to alleviate protein ag-
gregation and activate the proteosome machinery to
degrade misfolded proteins. Furthermore, Feng et al.
[10] suggested that induction of ER stress protects
gastric cancer cells against apoptosis induced by cis-
platin and doxorubicin through activation of p38
MAPK.
Free radicals are a family of molecules, which modulate

several important physiological functions including prolifer-
ation and apoptosis. Many studies reported that reactive
oxygen species (ROS) participated in apoptosis through in-
ducing mitochondrial dysfunction [11,13]. Furthermore, re-
active oxygen species production is believed to play a key
role in photosensitizer-induced photocytotoxicity. Many in-
vestigators have suggested that PDT involves activation of a
photosensitizer, which induced singlet oxygen and other re-
active oxygen species formation after exposure to light,
causing cancer cells to undergo apoptosis or necrosis
[14-17].
According to our study of 2D electrophoresis, molecu-

lar chaperone proteins involved in mitochondrial func-
tion and ER stress, and cytoskeleton-related proteins
were participated in photoactivated Lonicera japonica-
induced CH27 cell death. Molecular chaperone expres-
sion, mitochondrial function and endoplasmic reticulum
stress served as important apoptotic control point in
photoactivated Lonicera japonica-induced apoptosis in
this study.

Methods
Materials
Antipain, aprotinin, dithiothreitol (DTT), ethyleneglycol-
bis-(β-aminoethyl ether)-N,N,N’,N’-tetraacetic acid
(EGTA), leupeptin, pepstatin, phenylmethylsulfonyl
fluoride (PMSF) and Tris were purchased from Sigma
Chemical Company (St. Louis, MO, USA). Antibodies to
various proteins were obtained from the following
sources: β-Actin was from Sigma Chemical Company.
PDI and HSP70 were purchased from BD Biosciences
(San Diego, CA, USA). HSP60 was purchased from
Calbiochem (San Diego, CA, USA). 150 kDa Oxygen-
regulated protein (ORP150) was purchased from
IBL (Japan). Caspase-4 was purchased from Abcam
(Cambridge, MA, USA). MitoTracker Red CMXRos and
ER-Tracker Green reagent were from Molecular Probes
(Eugene, OR, USA).

Preparation of Lonicera japonica
The botanical origin of Lonicera japonica was identified by
Dr. Chao-Lin Kuo (School of Chinese Pharmaceutical
Sciences and Chinese Medicine Resources, China Medical
University, Taichung, Taiwan). The voucher specimen
(Lonicera japonica: CMU LJ 0614) was deposited in School
of Chinese Pharmaceutical Sciences and Chinese Medicine
Resources, China Medical University, Taichung, Taiwan.
The air-dried plants of Lonicera japonica (200 g) were
soaked three times with 1 L of 95% ethanol at room
temperature for 3 days. The extracts were filtered. The
filtrates were collected and then concentrated under re-
duced pressure at 40°C. The yield of dry extract of Lonicera
japonica was about 11%.

Cell culture
CH27 cells were grown in monolayer culture in Dulbecco’s
modified Eagle’s medium (DMEM; Life Technologies,
Rockville, MD, USA) containing 5% FBS (HyClone, Logan,
UT, USA), 100 U/ml penicillin, 100 μg/ml streptomycin
(Gibco BRL, Rockville, MD, USA) and 2 mM glutamine
(Merck, Darmstadt, Germany) at 37°C in a humidified
atmosphere comprised of 95% air and 5% CO2. When
CH27 cells were treated with Lonicera japonica, the culture
medium containing 1% FBS was used. All data presented in
this study are from at least 3 independent experiments.

Light source
The irradiation source was a set of fluorescent lamp
(2 × 20 W; China Electric MFG Corporation, Taiwan, R.
O.C.) located in a made-to-measure box. The wave-
length of the fluorescence lamp was in the range of 400-
700 nm. The intensity of light was measured as Lux and



Liao et al. BMC Complementary and Alternative Medicine 2013, 13:244 Page 3 of 12
http://www.biomedcentral.com/1472-6882/13/244
Lux was converted to light dose (J/cm2). The cells were
irradiated at 40 W for 30 min, corresponding to 0.8 J/cm2

light dose.

Protein preparation
Cells were seeded at a density of 1.7 × 106 cells onto 10-
cm dish 48 h before being treated with drugs. CH27 cells
were incubated with 0.1% dimethylsulfoxide (DMSO) or
100 μg/ml Lonicera japonica extracts and then irradiated
with 0.8 J/cm2 fluence dose. After irradiation, adherent
and floating cells were collected and washed twice in
ice-cold phosphate-buffered saline (PBS). Cell pellets
were resuspended in cell lysis buffer (50 mM Tris-HCl,
pH 7.5, 150 mM sodium chloride, 1% Nonidet P-40,
0.25% sodiumdeoxycholate, 1 mM EGTA, 1 mM DTT,
1 mM PMSF, 1 mM sodium orthovanadate, 1 mM so-
dium fluoride, 5 μg/ml aprotinin, 5 μg/ml leupeptin and
5 μg/ml antipain) for 30 min at 4°C. Lysates were clari-
fied by centrifugation at 13,000 rpm for 30 min at 4°C.
The resulting supernatant was collected, aliquoted
(150 μg/tube for 2D electrophoresis and 50 μg/tube for
Western blot) and stored at −80°C until assay. The pro-
tein concentrations were estimated with the Bradford
method.

Two-dimensional gel electrophoresis
The proteins (150 μg) were dissolved in a rehydration buf-
fer (9.8 M urea, 0.5% CHAPS, 10 mM DTT, 0.2% Biolytes
and a trace of bromophenol blue) to a final volume of
125 μl. The samples were added to the 7-cm IPG strips
(pH 4-7, linear, Readystrip; BioRad, Hercules, CA), which
were rehydrated for 12 h. After rehydration, the strips were
focused for 60,000 Vh, starting at 250 V and gradually rais-
ing the voltage to 10,000 V. Once the IEF was completed,
the strips were equilibrated in 6 M urea containing 2%
SDS, 0.375 M Tris (pH 8.8), 20% glycerol and 130 mM
DTT. The 2D electrophoresis was performed using 12%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE).

Silver staining of proteins
Gels were fixed in 50% methanol (v/v) and 12% acetic
acid (v/v) for 2 h, and then washed 3 times in 50%
ethanol (v/v). The duration of each wash was 20 min.
Gels were then incubated in a 0.02% sodium thiosulfate
solution (w/v) for 1 min, followed by four 1-min washes
in water. Gels were then placed in a solution composed
of 0.2% silver nitrate (w/v) and 0.075% (v/v) formalde-
hyde for a period of 20 min, followed by three 1-min
washes in water. Gels were then developed in a
6% sodium carbonate (w/v), 0.005% formaldehyde (v/v)
and 0.004% sodium thiosulfate (w/v) solution until the
protein spots were visualized. A 1% acetic acid solution
was added to stop the staining reactions.
NanoLC-MS/MS analysis and database searches
NanoLC-MS/MS analysis was performed on an inte-
grated nanoLC-MS/MS system (QSTAR XL) comprising
a LC Packings NanoLC system with an autosampler and
a QSTAR XL Q-Tof mass spectrometer (Applied
Biosystems, Foster City, CA) fitted with nanoLC sprayer.
Mass analysis was carried out according to the Analyst
QS software (Applied Biosystems). The proteins were
identified by searching in SWISS-PROT and NCBI
database using the Mascot program with the following
parameters: peptide mass tolerance, 50 ppm; MS/MS ion
mass tolerance, 0.25 Da; and allow up to one missed
cleavage. Only significant hits as defined by Mascot
probability analysis will be considered initially.

Measurement of mitochondrial function
CH27 cells were incubated with 0.1% DMSO or Lonicera
japonica for 4 h and then irradiated with 0.8 J/cm2 light
dose. Mitochondrial activity, the opening of mitochon-
drial permeability transition (MPT) pore and mitochon-
drial membrane potential (MMP) were measured as
previously described [4,11]. To detect mitochondrial
activity, cells were incubated for 30 min at 37°C with
100 nM MitoTracker Red CMXRos and observed by
fluorescent microscope (Olympus IX 70). To measure
the opening of MPT pore, the fluorescence intensity of
calcein was measured with FACSCanto flow cytometer
(excitation, 488 nm; emission, 530 nm) and analysed
using ModFit LT 3.0 Software (Verity Software House,
Topsham, ME, USA). MMP was determined by flow cy-
tometry analysis of JC-1 (5,5′,6,6′-tetrachloro-1,1′,3,3′-
tetraethylbenzimidazolocarbocyanine iodide)-stained
cells.

Western blot analysis
Samples were separated by various indicated concentra-
tions of SDS-PAGE. The SDS-separated proteins were
equilibrated in transfer buffer (50 mM Tris-HCl, pH 9.0-
9.4, 40 mM glycine, 0.375% SDS and 20% methanol) and
electrotransferred to Immobilon-P transfer membranes
(Millipore Corporation, Bedford, MA). The blot was
blocked with a solution containing 5% nonfat dry milk
in TBST for 1 h, washed and incubated with antibodies
to β-actin (1:5000 [Sigma], the detection of β-actin was
used as an internal control in the data of Western blot-
ting analysis), ORP150 (1:100), PDI (1:250), HSP60
(1:7000), HSP70 (1:1000) and caspase-4 (1:12,000). Sec-
ondary antibody consisted of a 1:20,000 dilution of
horseradish peroxidase (HRP)-conjugated goat anti-
mouse IgG (for β-actin, ORP150, PDI, HSP60 and
HSP70) and HRP-conjugated goat anti-rabbit IgG (for
caspase-4). The enhanced chemiluminescent (NEN Life
Science Products, Boston, MA) detection system was
used for immunoblot protein detection.
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Fluorescent imaging of endoplasmic reticulum (ER)
Fluorescent imaging of endoplasmic reticulum was
accomplished using ER-Tracker Green (glibenclamide-
BODIPY FL) and used as directed by the manufacturer.
CH27 cells were seeded onto 12-well plate 48 h before
being treated with Lonicera japonica and light. After
irradiation, cells were incubated for 30 min at 37°C with
1 μM of ER-Tracker. The cells were then washed with
PBS and examined by fluorescence microscopy (300×).

Measurement of reactive oxygen species production
This study used 5-(and-6)-chloromethyl-20,70-dichloro-
dihydrofluorescein diacetate (CM-H2DCFDA, Molecular
Probes) to detect intracellular generation of reactive oxy-
gen species. CH27 cells were loaded with 5 μM CM-H
2DCFDA for 40 min in the dark. During loading, the
acetate groups on CM-H2DCFDA were removed by
intracellular esterase, trapping the probe inside the cells.
Cells loaded with CM-H2DCF were treated with various
indicated concentrations of Lonicera japonica and then
irradiated with 0.8 J/cm2 light dose. After irradiation,
production of reactive oxygen species can be measured
by changes in fluorescence due to intracellular produc-
tion of CM-DCF caused by oxidation of CM-H2DCF.
CM-DCF fluorescence was measured using a
fluorometer (Thermo Scientific Fluoroskan Ascent FL;
Helsinki, Finland) at an excitation wavelength of 480 nm
and an emission wavelength of 520 nm.

Fractionation of the Lonicera japonica extracts
The alcoholic extracts of Lonicera japonica was
suspended in water and partitioned successively with
ethyl acetate (EtOAc) and n-butanol (BuOH). Each ex-
tract was evaporated to dryness under reduced pressure
to yield water, ethyl acetate and n-butanol fractions.

Mitochondrial Reductase activity
Cells were seeded at a density of 1 × 105 cells per well
onto 12-well plate 48 h before being treated with drugs.
The cells were incubated with 0.1% DMSO or
partitioned fractions of Lonicera japonica extracts and
then irradiated with the light dose of 0.8 J/cm2. After ir-
radiation, the cells were washed with PBS. Cellular mito-
chondrial reductase activity of live CH27 cells was
determined by measuring the reduction of 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT). Cells were incubated with MTT (2.4 × 10-4 M)
for 1 h at 37°C. After solubilization in dimethylsulfoxide,
absorbance was measured at 550 nm.

Statistical analysis
All experiments were carried out at least three independent
experiments. Each sample was tested in triplicate. Standard
statistical methods based on Student’s t test and regression
analysis were used. The results are expressed as per-
centage ± S.D. of control.
Results
Identification of differentially expressed proteins by
2D gel
The major purpose of this study was to investigate the
change in protein level during Lonicera japonica-induced
photocytotoxicity of CH27 cells. Therefore, this study
examine the difference between control cell-loaded and the
photoactivated Lonicera japonica-treated cell loaded gels in
the pH range of 4.75-6.5, using a 4-7 pH range IPG strip in
the first dimension. Therefore, those proteins with pI value
less than 4 and more than 7 would be missed. The control
cells were treated with 0.1% DMSO and then irradiated
with 0.8 J/cm2 fluence dose. In this study, light alone did
not affect cell survival and protein expression (data not
shown). After being incubated with 100 μg/ml Lonicera
japonica for 4 h and 0.8 J/cm2 irradiation, many protein
spots were found varying in intensity between the control
cell-loaded and the photoactivated Lonicera japonica-
treated cell-loaded gels (Figure 1). Photoactivated Lonicera
japonica triggered significant decreases in the protein ex-
pression of spots D1-D8 (Figure 1). In Lonicera japonica-
photosensitized cells, the protein expression of spots #1-#8
is more intense than those in the control cells (Figure 1).
These altered protein spots were identified by mass spec-
trometry and Mascot search. As shown in Table 1, the
identified proteins can be classified into three major groups,
which include proteins involved in mitochondrial function
(DJ-1, ATP synthase, heat shock protein 70 and chaperonin,
also known as heat shock protein 60), cytoskeleton-related
proteins (heat shock protein 27, tropomyosin and actin
cytoplasmic 1) and proteins associated with ER stress (pro-
tein disulfide isomerase). It is interesting to note that four
spot families in the horizontal direction of the 2D gel were
found to markedly change after treatment with 100 μg/ml
Lonicera japonica for 4 h and 0.8 J/cm2 light dose (Figure 1).
These altered protein spot families were identified as pro-
tein disulfide isomerase, heat shock protein 70, chaperonin
and actin cytoplasmic 1. These protein spot families are
identical in molecular weight but different in pI values. We
found six 73-kDa heat shock protein 70 with pI values of
5.23-5.60 (Figure 1; arrow S1), four 61-kDa chaperonin with
pI values of 5.15-5.34 (Figure 1; arrow S2), five 57-kDa pro-
tein disulfide isomerase with pI values of 5.54-5.88 (Figure 1;
arrow S3) and eight 42-kDa actin cytoplasmic 1 proteins
with pI values of 4.97-5.43 (Figure 1; arrow S4) in the hori-
zontal direction of the 2D gel. It has been indicated that the
single spots of the complex pattern were probably due to
post-translational modifications of one particular pro-
tein. Our results suggested that photoactivated Lonicera
japonica-induced changes in protein expression of many



Figure 1 Two-dimensional electrophoresis maps of control and Lonicera japonica-photosensitized CH27 cells. Cells were incubated with
0.1% DMSO or 100 μg/ml Lonicera japonica extracts for 4 h and then irradiated with 0.8 J/cm2 fluence dose. Proteins were separated on a pH 4-7
IPG-strip (7 cm) in the first dimension and on a 12% SDS-polyacrylamide gel in the second dimension. Staining of the protein spots was
accomplished by silver nitrate. Results are representative of three independent experiments.
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proteins include the pattern of their post-translational
modifications in CH27 cells.

Effects of photoactivated Lonicera japonica on
mitochondrial function in CH27 cells
In the results of 2D electrophoresis, photoactivated
Lonicera japonica-treated samples had a significant
change in the expression of DJ-1, ATP synthase, heat
shock protein 70 and chaperonin which are involved in
mitochondrial function. To examine whether the activity
of mitochondria was injured by photoactivated Lonicera
japonica in CH27 cells, MitoTracker Red CMXRos dye
was used in this study. A bright red fluorescence was ob-
served on numerous and dot-like structures in control-
treated cells’ cytoplasm (Figure 2A). In photoactivated
Lonicera japonica-treated cells, the red fluorescence was
significantly decreased in a dose-dependent manner
(Figure 2A). This result suggested that the capability for
MitoTracker Red CMXRos uptake by mitochondria in
control cells is higher compared to those in Lonicera
japonica photosensitized cells. To confirm the possible
role of MPT pore in the process of Lonicera japonica-in-
duced photocytoxicity, we measured the opening of
mitochondrial permeability transition (MPT) pore in
intact cells by flow cytometry. As shown in Figure 2B,
treatment with 100 μg/ml Lonicera japonica extracts for
4 h and then 0.8 J/cm2 fluence dose resulted in a
decrease in calcein fluorescent intensity because of the
opening of MPT pores. However, treatment with
100 μg/ml Lonicera japonica extracts for 4 h had no ef-
fect on the calcein fluorescent intensity of CH27 cells in
the dark (Figure 2B). Because the opening of MPT pore
is accompanied by a decrease in mitochondrial mem-
brane potential (MMP), this study examined the photo-
dynamic effect of Lonicera japonica on MMP in CH27
cells. After cells were treated with Lonicera japonica ex-
tracts and irradiation, a remarkable attenuation of MMP
occurred compared to the control cells or the cells
treated with 100 μg/ml Lonicera japonica extracts in the
dark (Figure 2C). These results clearly demonstrated
that mitochondrial function is severely impaired by
photoactivated Lonicera japonica in CH27 cells. To fur-
ther elucidate whether the protein expression of HSP60
(chaperonin) and HSP70 is involved in photoactivated
Lonicera japonica-induced CH27 cell apoptosis, this
study examined the regulation of HSP60 and HSP70
levels by Western blotting analysis. Exposure of CH27
cells to 100 μg/ml Lonicera japonica for 2 or 4 h and
0.8 J/cm2 irradiation resulted in increases in protein level
of HSP60 (Figure 3). However, photoactivated Lonicera
japonica had no effect on the protein expression of
HSP70 (Figure 3).

ER stress was involved in photoactivated Lonicera
japonica-induced CH27 cell death
According to the results of 2D elecrtophoresis,
photoactivated Lonicera japonica induced a significant
change in the protein expression of protein disulfide
isomerase (PDI). PDI, a molecular chaperone in the
endoplasmic reticulum (ER), catalyzes the formation and
breakage of disulfide bonds between cysteine residues
within proteins as they fold. To further elucidate
whether ER is a target in the photoactivated Lonicera
japonica (100 μg/ml)-induced CH27 cell death, the



Table 1 MS/MS analysis and characteristics of the analyzed spots

Spot Protein Accession no. Calculated
pI

Theoretical pI/Mw
(Da) Score Sequence

coverage (%)
Changed fold
(% control)1

D1 DJ-1 protein NP_009193 6.33 6.32 / 19891.05 88 25 40 ± 4

D2 Heat shock protein 27 AAA62175 6.16 5.98 / 22782.52 273 43 46 ± 5

D3 Protein disulfide isomerase CAA89996 5.85 5.98 / 56782.39 766 40 48 ± 9

D4 Heat shock 70 kDa protein 9 AAH00478 5.59 5.87 / 73680.50 508 28 49 ± 7

D5 Actin, cytoplasmic 1 NP_001092 5.42 5.29 / 41736.73 896 43 41 ± 5

D6 ATP synthase NP_006347 5.21 5.21 / 18491.21 147 34 48 ± 3

D7 Tropomyosin 3 isoform 2 NP_705935 4.81 4.68 / 32818.79 283 29 45 ± 11

D8 Tropomyosin 3 isoform 4 NP_001036816 4.73 4.73 / 28870.36 283 29 79 ± 5

#1 Protein disulfide isomerase CAA89996 5.88 5.98 / 56782.39 423 32 383 ± 26

#2 Protein disulfide isomerase CAA89996 5.70 5.98 / 56782.39 494 32 143 ± 21

#3 Heat shock 70 kDa protein 9B precursor
variant

BAD96478 5.60 5.87 / 73680.50 405 25 1594 ± 115

#4 Heat shock 70 kDa protein 8 isoform 1 NP_006588 5.43 5.61 / 53499.58 540 28 366 ± 62

#5 Chaperonin NP_002147 5.34 5.70 / 61054.64 760 46 145 ± 25

#6 Chaperonin NP_002147 5.15 5.70 / 61054.64 600 31 386 ± 51

#7 Actin, cytoplasmic 1 NP_001092 5.25 5.29 / 41736.73 336 37 266 ± 10

#8 Actin, cytoplasmic 1 NP_001092 5.15 5.29 / 41736.73 262 39 376 ± 43
1The expression of protein spots was quantified by AlphaEase image software. All protein changed folds are expressed as the mean percentage of the relative
control ± S.D. from three independent experiments.
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protein expression of ER-related molecular chaperones,
such as PDI, 150 kDa oxygen-regulated protein
(ORP150) and caspase-4, was examined by Western
blotting analysis in this study. Exposure of CH27 cells to
100 μg/ml Lonicera japonica for 1, 2 or 4 h and 0.8 J/
cm2 irradiation resulted in increases in protein level of
ORP150 and PDI, but caspase-4 level decreased after 2 h
(Figure 3). Since ORP150 and PDI are the markers of ER
stress, we further investigated the role of ER stress in
the photoactivated Lonicera japonica-induced apoptosis.
In order to demonstrate the role that ER stress plays in
the photoactivated Lonicera japonica-induced apoptosis,
CH27 cells were incubated with an endoplasmic
reticulum marker, ER-Tracker™ Green reagent. In con-
trol cells, the ER-tracker fluorescence is mostly found in
the cytoplasm, consistent with endoplasmic reticulum
localization (Figure 4A). As shown in Figure 4, cells
exhibited a heterogeneous distribution of the fluores-
cence after treatment with 100 or 150 μg/ml Lonicera
japonica for 4 h and 0.8 J/cm2 irradiation. Based on the
above data, we demonstrated that ER stress was involved
in the photoactivated Lonicera japonica-induced CH27
cell apoptosis.

Photoactivated Lonicera japonica induced reactive oxygen
species (ROS) generation in CH27 cells
It is well-known that reactive oxygen species participate
in apoptosis by inducing the mitochondrial dysfunction
and ER stress. In addition, a variety of ROS is produced
including singlet molecular oxygen (1O2, produced via
type II mechanism) and superoxide anions (type I mech-
anism) by photosensitizer during the photodynamic
process. In order to demonstrate the role that ROS plays
in Lonicera japonica-induced photocytotoxicity, intracel-
lular ROS generation was examined by using an oxidant
sensitive fluorescent probe, CM-H2DCFDA. The results
showed that treatment with 100 μg/ml Lonicera japonica
for 2 h and 0.8 J/cm2 light dose resulted in significant in-
creases in the intensity of the DCF signal as compared
with those in the control (Figure 5). In this study, it was
confirmed whether the production of ROS was caused
only by irradiation. The amount of ROS induced by
100 μg/ml Lonicera japonica in the absence of a light
source (without irradiation and dark conditions) was
investigated. When CH27 cells were incubated with 0.1%
DMSO or 100 μg/ml Lonicera japonica for 3 h in the
dark, there were no differences in DCF fluorescence in-
tensity between treated and control groups (data not
shown).

The phototoxicity of partitioned fractions of Lonicera
japonica extracts
The present study served to evaluate the potent
photokilling fraction of ethanol extracts of Lonicera ja-
ponica. The alcoholic extracts of Lonicera japonica was
suspended in water and successively partitioned with
ethyl acetate and n-butanol. The photocytotoxicity of
partitioned fractions (water, ethyl acetate and n-butanol)



Figure 2 Effects of photoactivated Lonicera japonica extract on
mitochondrial function in CH27 cells. (A) Effects of
photoactivated Lonicera japonica extracts on the activity of
mitochondria in CH27 cells. CH27 cells were incubated with 0.1%
DMSO (i) or with 50 (ii), 100 (iii) or 150 (iv) μg/ml Lonicera japonica
for 4 h and then irradiated with 0.8 J/cm2 fluence dose. After
treatment, cells were incubated with 100 nM MitoTracker Red
CMXRos for 30 min. The specimens were observed by fluorescence
microscopy (300×). (B) The effect of photoactivated Lonicera
japonica extracts on opening of mitochondrial permeability
transition (MPT) pore in CH27 cells. Cells were incubated with 0.1%
DMSO (Con) or 100 μg/mL Lonicera japonica extracts (Lj) for 4 h and
then irradiated with 0.8 J/cm2 fluence dose. Before treatment with
Lonicera japonica extracts and light, cells were loaded with 1 μM
calcein AM for 30 min in DMEM medium containing 1 mM CoCl2.
After irradiation, the cells were harvested and then analyzed by flow
cytometry for loss of fluorescence intensity due to efflux of the dye.
In light-shield condition (dark), cells were incubated with 0.1%
DMSO (Con) or 100 μg/ml Lonicera japonica extracts (Lj) for 5 h.
(C) The fluorescent cation dye JC-1 was used to determine the
mitochondrial membrane potential. Cells were incubated with 0.1%
DMSO (Con) or 100 μg/mL Lonicera japonica extracts (Lj) for 4 h and
then irradiated with 0.8 J/cm2 fluence dose. After irradiation, the
cells were harvested and stained with 2 μM JC-1 for 15 min. The
mitochondrial depolarization patterns of the CH27 cells were
measured by flow cytometry. In light-shield condition (dark), cells
were incubated with 0.1% DMSO (Con) or 100 μg/ml Lonicera
japonica extracts (Lj) for 5 h. All results are representative of three
independent experiments.
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of the Lonicera japonica extracts is shown in Figure 6.
Results show that the ethyl acetate fraction of
the Lonicera japonica extracts caused a significant
photocytotoxicity in a dose-dependent manner in CH27
cells. The water and n-butanol fractions did not show
any photokilling effect at 25 μg/ml and 0.8 J/cm2 light
dose (Figure 6).

Discussion
In the result of 2D gel electrophoresis, many protein
spots were found varying in intensity between the con-
trol cell-loaded and the photoactivated Lonicera japon-
ica-treated cell-loaded gels. These altered proteins were
characterized by mass spectrometry. The identified pro-
teins can be classified into three major groups, which in-
clude proteins involved in mitochondrial function (DJ-1,
ATP synthase, heat shock protein 70 and chaperonin,
also known as heat shock protein 60), proteins associ-
ated with ER stress (protein disulfide isomerase) and
cytoskeleton-related proteins (heat shock protein 27,
tropomyosin and actin cytoplasmic 1). In our previous
study, cytoskeleton-related proteins, p38 signaling path-
way, have been reported to be involved in photoactivated
Lonicera japonica-induced CH27 cell apoptosis [3].
Since DJ-1, ATP synthase, HSP60 and HSP70 are mito-

chondrial protein, we hypothesized that photoactivated Lo-
nicera japonica induces CH27 cell apoptosis in association
with regulation of mitochondrial function. The MPT pore



Figure 3 Effects of photoactivated Lonicera japonica extracts on the protein expression of chaperones in CH27 cells. Cells were
incubated with 0.1% DMSO or 100 μg/mL Lonicera japonica extracts for 0, 1, 2 and 4 h and then irradiated with 0.8 J/cm2 fluence dose. Cell
lysates were analyzed by 5% (ORP150), 9% (HSP60 and HSP70), 10% (PDI), 12% (β-actin) and 14% (caspase-4) SDS-PAGE, and then probed with
primary antibodies as described in Section 2. −: control cells; +: photoactivated Lonicera japonica-treated cells. Results are representative of three
independent experiments.

Liao et al. BMC Complementary and Alternative Medicine 2013, 13:244 Page 8 of 12
http://www.biomedcentral.com/1472-6882/13/244
is characterized by opening of the permeability transition
pore in the inner mitochondrial membrane, which results
in an increase in permeability of this membrane to protons,
ions and small-molecular weight solutes [18]. This in-
creased permeability is also considered to lead to a collapse
of the MMP [19,20]. We demonstrated that photoactivated
Lonicera japonica induced the opening of MPT pores
accompanied by a disruption of MMP in CH27 cells. In
addition, photoactivated Lonicera japonica induced a sig-
nificant reduction in the capability for MitoTracker Red
Figure 4 Effects of photoactivated Lonicera japonica on the distributi
incubated with 0.1% DMSO (A) or with 50 (B), 100 (C) or 150 (D) μg/ml Lo
After irradiation, cells were incubated with ER-Tracker and then examined b
independent experiments.
CMXRos uptake by mitochondria. These data suggested
that mitochondria may be a target of photoactivated
Lonicera japonica during photoactivated Lonicera japonica-
induced CH27 cell death.
Molecular chaperones are major components of the

cellular machinery involved in ensuring correct protein
folding and the continued maintenance of protein struc-
ture. In this study, proteomic data showed that chaper-
ones were involved in the photoactivated Lonicera
japonica-induced CH27 cell apoptosis. DJ-1, HSP60 and
on of endoplasmic reticulum in CH27 cells. CH27 cells were
nicera japonica for 4 h and then irradiated with 0.8 J/cm2 fluence dose.
y fluorescence microscopy (300×). Results are representative of three



Figure 5 Effects of photoactivated Lonicera japonica on reactive oxygen species (ROS) production in CH27 cells. Cells were loaded with
5-H2DCFDA (5 μM) for 30 min in the dark, washed and then treated with 0.1% DMSO or with 50, 75 or 100 μg/ml Lonicera japonica for 2 h and
then irradiated with 0.8 J/cm2 fluence dose. After irradiation, ROS fluorescence was measured using a multiwell plate reader at an excitation
wavelength of 485 nm and an emission wavelength of 538 nm. All results are expressed as the mean percentage of control ± S.D. of triplicate
determinations from four independent experiments. **P < 0.01, ***P < 0.001 compared to the corresponding control values.
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HSP 70 are mitochondrial molecular chaperones. DJ-1
has been demonstrated to protect cells against oxidative
stress and cell death [21]. Our results are also consistent
with previous observations in which HSP60 and HSP70
play critical roles during apoptosis [7,8]. In the result of
2D gel electrophoresis, photoactivated Lonicera japon-
ica-treated samples had a significant change in the ex-
pression of HSP70 protein (spot D4, #3 and #4).
However, photoactivated Lonicera japonica had no effect
Figure 6 The photocytotoxicity of partitioned fractions of Lonicera ja
concentrations of ethyl acetate fraction of the Lonicera japonica extracts or
4 h and then irradiated with 0.8 J/cm2 fluence dose. The viable cells were m
extracts; LjB: n-butanol fraction of the Lonicera japonica extracts; LjE: ethyl a
as the mean percentage of control ± SD. ***P < 0.001 compared to the con
on the protein expression of HSP70 by Western blotting
analysis (Figure 3). HSP70 displays a spot family pattern
in 2D gel. After cells were treated with Lonicera japonica
extracts and irradiation, the protein amount of spot #3
and #4 significantly increased, but spot D4 decreased. In
Western blotting data, the expression of HSP70 is the
total HSP70 protein. Based on the above reasons,
photoactivated Lonicera japonica-treated samples had a
significant change in the expression of HSP70 protein in
ponica extracts of CH27 cells. Cells were incubated with various
with 25 μg/ml partitioned fractions of Lonicera japonica extracts for
easured by MTT assay. LjW: water fraction of the Lonicera japonica

cetate fraction of the Lonicera japonica extracts. Results are expressed
trol values.
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which the single spots of the complex pattern were
probably due to post-translational modifications of one
particular protein.
In this study, proteomic data also showed that

photoactivated Lonicera japonica induced the change of
endoplasmic reticulum molecular chaperone protein di-
sulfide isomerase (PDI), which catalyzes the rearrange-
ment of -S-S- bonds in proteins. It has been suggested
that a variety of endoplasmic reticulum stresses result
from unfolded protein accumulation, which induces the
expression of molecular chaperones [22]. Therefore, we
focused our attention on molecular chaperone expres-
sion and ER stress. This study demonstrated that the
molecular chaperones in the endoplasmic reticulum,
such as PDI, caspase-4 and 150 kDa oxygen-regulated
protein (ORP150), are involved in photoactivated Loni-
cera japonica-induced CH27 cell apoptosis by increasing
protein levels. It has been reported that caspase-4, an ER
stress-specific caspase, is localized on the ER in human
[23,24]. The 150 kDa oxygen regulated protein functions
as a molecular chaperone in the endoplasmic reticulum
[25]. Photoactivated Lonicera japonica also induced the
changes of endoplasmic reticulum distribution, which
was performed by an endoplasmic reticulum marker, in
CH27 cells in this study. These results are consistent
with previous observations that have shown an associ-
ation between cell death and the increase in the ER
stress which can induce compensatory responses [22,26].
Based on the data mentioned above, ER stress and mo-
lecular chaperones expression may play an important
role in the photoactivated Lonicera japonica-induced
CH27 cell apoptosis. It also seemed to indicate that the
protein folding pathway might serve as an important
apoptotic control point in photoactivated Lonicera
japonica-induced apoptosis.
When cells accumulate ER stresses, ER chaperone pro-

teins can be induced to alleviate protein aggregation and
activate the proteosome machinery to degrade misfolded
proteins. For survival, the cells induce endoplasmic
reticulum chaperone proteins to alleviate protein aggre-
gation, transiently attenuate translation and activate the
proteosome machinery to degrade misfolded proteins. In
the results of 2D electrophoresis, most of protein spots
are more intense in control cell-loaded gels than in the
photoactivated Lonicera japonica-treated cell-loaded gels
in this study. Furthermore, the present study has dem-
onstrated that the molecular chaperones in the endo-
plasmic reticulum, such as PDI and ORP150, and
mitochondria, such as HSP60 and HSP70, are involved
in photoactivated Lonicera japonica-induced CH27 cell
apoptosis. These results seemed to indicate that heat
shock proteins were synthesized by CH27 cells in re-
sponse to Lonicera japonica and irradiation and a com-
pensatory mechanism referred to as unfolded protein
response (UPR) was triggered by photoactivated Loni-
cera japonica. It includes the inhibition of overall
protein synthesis to decrease the protein-load, as well as
the induction of endoplasmic reticulum chaperones and
foldases, by which the cell attempts to increase the
folding capacity in this study.
It has been suggested that excessive production of

reactive oxygen species (ROS) may lead to oxidative
stress, loss of cell function and ultimately apoptosis in
cancer cells [27]. Haynes et al. (2004) also reported that
prolonged activation of UPR, which normally functions
to prevent ROS accumulation, resulted in oxidative
stress and consequent cellular death [28]. Furthermore,
reactive oxygen species producing is believed to play a
key role in photosensitizer-induced photocytotoxicity.
Many investigators have suggested that PDT involves
the activation of a photosensitizer by irradiation with
light in the presence of oxygen to produce singlet
oxygen and other reactive oxygen species which cause
cancer cells undergoing apoptosis or necrosis [14-17].
During the photodynamic process, photosensitizer
generates a variety of ROS including singlet molecular
oxygen (1O2, produced via type II mechanism) and
superoxide anions (type I mechanism) [29,30]. In this
study, treatment with 100 μg/ml Lonicera japonica for
2 h and 0.8 J/cm2 light dose resulted in significant in-
creases in the intensity of the DCF signal as compared
with those in the control. Therefore, the present study
indicated that the production of ROS was involved in
the photoactivated Lonicera japonica-induced CH27 cell
death. Based on the above data, the study cannot verify
that the amount of ROS was produced by photosensi-
tizer Lonicera japonica via type I or type II mechanisms
or induced by mitochondrial dysfunction and ER stress.
However, the molecular chaperones should be triggered
by photoactivated Lonicera japonica to counteract ROS
accumulation during photoactivated Lonicera japonica-
induced CH27 cell death.

Conclusion
Our study applied 2D electrophoresis to analyze the pro-
teins involved in photoactivated Lonicera japonica-in-
duced apoptosis in CH27 cells. Photoactivated Lonicera
japonica induces significant changes in the protein ex-
pression of chaperones in mitochondria and endoplas-
mic reticulum. Endoplasmic reticulum and mitochondria
are the targets of photoactivated Lonicera japonica dur-
ing photoactivated Lonicera japonica-induced CH27 cell
apoptosis. The production of reactive oxygen species
was demonstrated to be involved in photoactivated Loni-
cera japonica-induced CH27 cell apoptosis. In a com-
parative study among various fractions of the Lonicera
japonica extracts, such as water, ethyl acetate and n-
butanol fractions, the results showed that the ethyl
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acetate fraction had the highest photosensitizing activity
in this study. This could explain the fact that the ethyl
acetate fraction of Lonicera japonica extracts may con-
tain compounds that exhibit the photosensitizing activity
in CH27 cells. However, further studies are required to
isolate and characterize the constituents which displayed
photosensitizing activity present in ethyl acetate fraction
of Lonicera japonica extracts.
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