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Abstract: Photodynamic therapy was found to be an effective

therapy for local malignant tumors. This study demonstrated that

80 lg ⁄ml Hedyotis corymbosa extracts with 0.8 J ⁄ cm2 fluence dose

caused M21 skin cancer cell death. Photoactivated H. corymbosa-

induced M21 cell death is a typical apoptosis that is accompanied

by nuclear condensation, externalization of phosphatidylserine and

the changes in protein expression of apoptosis-related proteins,

such as Bcl-2 and caspase family members. This study applied 2D

electrophoresis to analyse the proteins involved in the

photoactivated H. corymbosa-induced M21 cell apoptosis. We

found 12 proteins to be markedly changed. According to the

results of protein sequence analysis of these altered protein spots,

we identified that the expression of cytoskeletal proteins and

chaperones were involved in the photoactivated H. corymbosa-

induced M21 cell apoptosis. We further demonstrated that

photoactivated H. corymbosa caused a significant effect on the

cytoskeleton distribution and mitochondrial activity in M21 cells.

Based on the above findings, this study characterized the effects

and mechanisms of the photoactivated H. corymbosa-induced

apoptosis in M21 skin cancer cells.

Key words: apoptosis – cytoskeleton – Hedyotis corymbosa – M21 skin
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Introduction
Photodynamic therapy (PDT) of cancer is based on the adminis-

tration of a tumor-localizing photosensitizing agent, which is acti-

vated by light of appropriate wavelength. PDT has been partly

limited by side effects, such as prolonged cutaneous phototoxicity.

PDT has recently been approved by the FDA for the treatment of

precancerous lesions, namely actinic keratoses. However, PDT of

skin cancers has been limited to the treatment of non-hyperkera-

totic lesions because of ineffective penetration of photosensitizer

into the thicker lesions. It is important to enhance tissue penetra-

tion of photosensitizers and reduce side effects (1,2). Hedyotis cor-

ymbosa (Rubiaceae) is extensively used in traditional Chinese

medicine for the treatment of skin disease, hepatitis and cancer.

We now found that H. corymbosa extracts exhibited significant

phototoxicity in M21 cells in a series of tests. Therefore, we

attempted to develop H. corymbosa as a photosensitizer for PDT

for skin malignancies.

Apoptosis is a major form of cell death, which involves many

factors and signal transduction molecules. It plays a key role in

pathogenesis and therapy for many diseases and as a mechanism

of PDT-induced cell death (3,4). Proteomics is a method to eluci-

date cellular processes at the molecular level (5,6). This study used

2D gel electrophoresis to analyse the proteins involved in the

photoactivated H. corymbosa-induced apoptosis in M21 cells.

Apoptosis is associated with changes in cell morphology that

suggest prominent involvement of the cytoskeleton. Actin appears

to play an important role in the early stage of apoptosis (4,7). The

cytoskeleton also may facilitate the mitochondrial recruitment

of pro-apoptotic proteins to the cytosol, e.g. cytochrome c or

apoptosis-inducing factor (AIF) (7,8).

Molecular chaperones ensure correct protein folding and the

continued maintenance of protein structure. Many molecular

chaperones were initially identified as heat-shock proteins (HSPs)

and as they are synthesized in response to stress, such as heat,

hypoxia and ATP depletion. HSP have a complex, but they pri-

marily have anti-apoptotic role in apoptosis. HSP70 inhibits apop-

tosis by preventing recruitment of procaspase-9 from the apaf-1

apoptosome (9). HSP27 inhibits cytochrome c-dependent activa-

tion of procaspase-9 (10). Overexpression of HSP60 prevents

apoptosis by protecting mitochondrial function in cardiac myo-

cytes (11). It has also been demonstrated that HSP60 accelerated

activation of caspase-3 during apoptosis (12). Therefore, the HSP

have a significant and complex role in apoptosis.

The major purpose of this study was to characterize the effects

and mechanisms of the H. corymbosa extracts-induced phototoxic-

ity in M21 skin cancer cells. This study demonstrated that H. cor-

ymbosa extracts and a small light dose caused apoptosis.

We identified multiple cytoskeletal proteins and chaperones that

were involved in M21 cell apoptosis induced by photoactivated

H. corymbosa.

Methods
Materials

The voucher specimen (Hedyotis corymbosa: CMU HC 08002)

was deposited in School of Chinese Medicine Resources, China
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Medical University, Taichung, Taiwan. Tetramethylrhodamine iso-

thiocyanate (TRITC)-conjugated phalloidin were purchased from

Sigma Chemical Company (St. Louis, MO, USA). Antibodies to

various proteins were obtained from the following sources: AIF,

b-actin, Bcl-2, Bax, caspase-3, caspase-8, cytochrome c, protein

disulphide isomerase (PDI), HSP27 and HSP70 antibodies were

from Sigma Chemical Company; 150-kDa oxygen-regulated pro-

tein (ORP150) was from IBL2 (Japan); caspase-4 and caspase-9

were from Abcam (Cambridge, MA, USA); HSP60 was from Cal-

biochem (Germany). Horseradish peroxidase (HRP)-conjugated

goat anti-mouse or anti-rabbit IgG and rabbit anti-sheep IgG were

from Abcam.

Source and preparation of Hedyotis corymbosa

Hedyotis corymbosa is an annual diffuse glabrous herb. H. corymb-

osa grow luxuriantly, blossom and bear fruit from July to Septem-

ber and then dried up after the tenth month each year.

H. corymbosa used in this study was harvested in August in Tai-

wan Taichung city. The botanical origin of H. corymbosa was

identified by Dr Chao-Lin Kuo (School of Chinese Medicine

Resources, China Medical University). The air-dried whole plant,

including roots, stems, leaves, flowers and fruits, of H. corymbosa

(570 g) was soaked thrice with 5 l of 95% ethanol at room tem-

perature for 3 days. The extracts were filtered. The filtrate was col-

lected and then concentrated under reduced pressure at 40�C. The

yield of dry extract of H. corymbosa was about 9%. H. corymbosa

extracts were dissolved in dimethylsulphoxide (DMSO) and total

concentration of DMSO in the medium was <0.2%. The stock of

H. corymbosa extracts (100 lg ⁄ml) was aliquoted (20 ll ⁄ tube) and

stored at )20�C until assay. Absorption spectrum of H. corymbosa

extracts was recorded in the range of 400–700 nm on a lQuant�

microplate spectrophotometer (BioTek, Winooski, VT, USA).

The absorption spectrum of H. corymbosa extracts is shown in

Figure S1.

Cell culture

The human skin cancer cell line M21 was kindly provided by Dr

Feng-Yao Tang (China Medical University). M21 cells were grown

in monolayer culture in RPMI3 medium 1640 (Invitrogen Corpora-

tion, Grand Island, NY, USA) containing 10% fetal bovine serum

(FBS; HyClone, Logan, UT, USA), 100 U ⁄ml penicillin and

100 lg ⁄ml streptomycin (Gibco BRL, Rockville, MD, USA) at

37�C in a humidified atmosphere comprised of 95% air and 5%

CO2. When M21 cells were treated with H. corymbosa extracts, the

culture medium containing 1% FBS was used. All data presented

in this study are from at least three independent experiments.

Light source

The irradiation source was a set of fluorescent lamp (20 W;

China Electric MFG Corporation, Taiwan4 ) located at a made-

to-measure box. The wavelength of fluorescent lamp is in the

range of 400–700 nm. The intensity of light was measured as

Lux, a system of international illumination measure. Lux was

inverted to light dose (J ⁄ cm2). The cells were irradiated at 20,

40 and 60 W for 30 min that correspond to 0.4, 0.8 and

1.2 J ⁄ cm2 light dose. The light dose in the sample was constant

for all the experiments.

Morphological investigation and mitochondrial reductase

activity

M21 cells were seeded onto 12-well plate 48 h before being treated

with drugs. The cells were incubated with 0.1% DMSO or various

indicated concentrations of H. corymbosa extracts for various indi-

cated times and then irradiated with 0.4, 0.8 and 1.2 J ⁄ cm2 light

dose. Morphological investigation and mitochondrial reductase

activity were performed as previously described (13).

Assay of lactate dehydrogenase (LDH) release

M21 cells were incubated with 0.1% DMSO or with 40 or

80 lg ⁄ml H. corymbosa extracts for various indicated times (in

phenol-free RPMI medium 1640 with 0.1% bovine serum albu-

min) and then irradiated with the light dose of 0.8 J ⁄ cm2. After

irradiation, the supernatant was removed and centrifuged at

13 000 rpm 5for 10 min. LDH activity in the supernatant was

determined with the LDH detection kit (Roche Applied Science,

Germany 6).

Apoptosis detection

Apoptotic characteristics were detected by 4¢,6-diamidino-

2-phenylindole dihydrochloride (DAPI) staining and annexin

V-FITC ⁄PI double-staining assay as previously described (13).

Protein preparation and Western blot analysis

Protein preparation and Western blot analysis were performed as

previously described (13). The protein concentrations were esti-

mated with the Bradford method. Equal amounts of protein

(50 lg) were separated by various indicated concentrations of

sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-

PAGE), and the SDS-separated proteins were electrotransferred to

Immobilon-P Transfer Membranes (Millipore 7). Membranes were

probed with antibodies to b-actin (1:5000), AIF (1:1000), Bax

(1:500), Bcl-2 (1:1000), caspase-3 (1:1000), caspase-4 (1:12000),

caspase-8 (1:8000), caspase-9 (1:200), cytochrome c (1:10000),

HSP27 (1:8000), HSP60 (1:1000), HSP70 (1:1000), ORP150

(1:1000) and PDI (1:1000). Secondary antibody consisted of a

1:20 000 dilution of HRP-conjugated goat anti-mouse IgG (for

b-actin, Bcl-2, Bax, caspase-3, caspase-8, HSP60, HSP70, ORP150

and PDI) or HRP-conjugated-rabbit IgG (for AIF, caspase-4, cas-

pase-9 and HSP27) and rabbit anti-sheep IgG (for cytochrome c).

Two-dimensional gel electrophoresis

Two-dimensional gel electrophoresis, NanoLC-MS ⁄MS analysis

and database searches were performed as previously described

(14). Gels were stained with standard silver-staining protocol.

Localization of F-actin and microtubules

Cells grown on glass plates were incubated with vehicle alone or

40 lg ⁄ml H. corymbosa extracts for 4 h and then irradiated with

0.8 J ⁄ cm2 light dose. To visualize F-actin, cells were fixed in 3.7%

formaldehyde, permeabilized with 1% Triton X-100 and incubated

with 1.9 · 10)7 m TRITC-phalloidin for 40 min. To detect tubu-

lin, cells were incubated for 30 min with 250 nm Tubulin

Tracker� Green reagent 8. After washing with PBS, the cells were

observed using fluorescent microscope (H600L; Nikon 9).

Measurement of mitochondrial function

M21 cells were incubated with vehicle alone or 40 lg ⁄ml of

H. corymbosa extracts for 4 h and then irradiated with 0.8 J ⁄ cm2

light dose. Mitochondrial activity, the opening of mitochondrial

permeability transition (MPT) pore and mitochondrial membrane

potential (MMP) were measured as previously described (13,15).

To detect mitochondrial activity, cells were incubated for 30 min

at 37�C with 100 nm MitoTracker Red CMXRos and observed by

fluorescent microscope (H600L; Nikon). To measure the opening

of MPT pore, the fluorescence intensity of calcein was measured

with FACSCanto flow cytometer (excitation, 488 nm; emission,
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530 nm) and analysed using ModFit LT 3.0 Software (Verity Soft-

ware House, Topsham, ME, USA). MMP was determined by flow

cytometry analysis of JC-1 (5,5¢,6,6¢-tetrachloro-1,1¢,3,3¢-tetraethyl-

benzimidazolocarbocyanine iodide)-stained cells.

Statistical analysis

Statistically significant difference from the control group was iden-

tified by Student’s t-test for paired data.

Results
Hedyotis corymbosa extracts induced phototoxicity of M21

cells

This study served to evaluate the effects of alcohol extract of

H. corymbosa on cell death of M21 cells in irradiation condition.

Figure 1 shows the results of MTT10 cytotoxic assay on M21 cells

after H. corymbosa extracts with irradiation. The cell death is drug

dose- and irradiation dose-dependent. As shown in Fig. 1b, pre-

treatment with 80 lg ⁄ml H. corymbosa extracts for 4 h and then

irradiation with 0.8 J ⁄ cm2 light dose appeared to have a 50% cell

death of M21 cells. Light alone did not affect cell survival in this

study. H. corymbosa extracts did not show any dark toxicity at the

evaluated concentrations (40, 80 and 120 lg ⁄ml for 48 h) follow-

ing MTT assay (Fig. 1d). These results suggested that H. corymb-

osa extracts may be a photosensitizer.

Photoactivated Hedyotis corymbosa extracts induced M21

cell apoptosis

To further investigate whether the photoactivated H. corymbosa

extracts-induced cell death is a typical apoptosis of M21 cells, the

characteristics of apoptosis, such as the integrity of plasma mem-

brane, nuclear morphology and externalization of phosphatidylser-

ine, were evaluated in this study. LDH is a cytoplasmic enzyme

that is released from the cell following plasma membrane damage.

Photoactivated H. corymbosa extracts had no significant effect on

the release of LDH (Table S1). It indicated that the cell membrane

was not disrupted by photosensitized H. corymbosa, even though

cells were incubated with 80 lg ⁄ml H. corymbosa extracts for 6 h

and then irradiated with 0.8 J ⁄ cm2 fluence dose. Treatment of

M21 cells with H. corymbosa extracts and irradiation resulted in

the changes in nuclear morphology, evidenced by DAPI staining

(Fig. 2A). After 30-min irradiation of H. corymbosa-sensitized

cells, there was a gradual increase in the amount of nuclear con-

densation (Fig. 2A). Staining cells simultaneously with annexin

V ⁄ propidium iodide allows the discrimination of intact cells

(FITC) ⁄PI)), early apoptotic (FITC+ ⁄ PI)) and late apoptotic

cells (FITC+ ⁄ PI+). As shown in Figure S2, treatment of cells with

H. corymbosa extracts and irradiation resulted in a dose-dependent

increase in late apoptotic cells.

(a) (c)

(b) (d)

Figure 1. 11Evaluation of phototoxicity after incubation of M21 cells with Hedyotis
corymbosa extracts and irradiation with fluence dose. Cells were incubated with
0.1% dimethylsulphoxide or with 40, 80 or 120 lg ⁄ml H. corymbosa extracts for
2, 4 or 6 h and then irradiated with 0.4 (a), 0.8 (b) and 1.2 (c) J ⁄ cm2 fluence
dose. The viable cells were measured by MTT assay, and fraction of viable cells was
calculated by defining the absorption of cells without treatment of H. corymbosa
extracts as 100%. In light-shield condition (d), H. corymbosa extracts (40, 80 or
120 lg ⁄ml; 48 h) did not exhibit significant cell toxicity of M21 cells. All results are
expressed as the mean % control ± SD of triplicate determinations from four
independent experiments.

(A)

(B)

a b

dc

Figure 2. Photoactivated Hedyotis corymbosa extracts induced M21 cell apoptosis.
(A) The photodynamic effect of H. corymbosa on M21 cell nuclear morphology.
Cells were incubated with 0.1% dimethylsulphoxide (a) or with 40 (b) or 80 (c)
lg ⁄ml H. corymbosa extracts for 4 h and then irradiated with 0.8 J ⁄ cm2 fluence
dose. After irradiation, cells were fixed with 3.7% formaldehyde, permeabilized
with 0.1% Triton X-100 and stained with 1 lg ⁄ml 4¢,6-diamidino-2-phenylindole
dihydrochloride. In light-shield condition (d), cells were incubated with 80 lg ⁄ml
H. corymbosa extracts for 4 h. The cells were then examined by fluorescent
microscope (300·). (B) Effects of photoactivated H. corymbosa on the expression
of apoptosis-related proteins and chaperones in M21 cells. Cells were incubated
with 0.1% dimethylsulphoxide or 80 lg ⁄ml H. corymbosa extracts for 1, 2, 4 or
6 h and then irradiated with 0.8 J ⁄ cm2 fluence dose. Cell lysates were analysed by
5% (ORP150), 9% [heat-shock proteins (HSP) 60 and HSP70], 10% (apoptosis-
inducing factor, caspase-8 and protein disulphide isomerase), 12% (b-actin), 13%
(Bcl-2, caspase-3, caspase-9 and HSP27) and 14% (Bax, caspase-4 and cytochrome
c) SDS-PAGE and then probed with primary antibodies as described in Methods.
The detection of b-actin was used as an internal control in all of the data of
Western blotting analysis. ): control cells; +: H. corymbosa extracts-treated cells;
Cas: caspase; Cyto c: cytochrome c. All results are representative of three
independent experiments.
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Photodynamic effects of Hedyotis corymbosa extracts on the

expression of apoptosis-related proteins of M21 cells

To obtain further support for the induction of apoptosis by

photoactivated H. corymbosa extracts of M21 cells, the expression

of apoptosis-related proteins, such as caspase family members,

AIF, cytochrome c, Bcl-2 and Bax, were evaluated. Exposure of

M21 cells to 80 lg ⁄ml H. corymbosa extracts for 1 h and

0.8 J ⁄ cm2 fluence dose resulted in decreases in the protein levels

of Bcl-2 and pro-form caspase-3, pro-form caspase-8 and pro-

form caspase-9 (Fig. 2B). The protein expression of cytochrome c

was increased during treatment with 80 lg ⁄ml H. corymbosa

extracts for 2 h and 0.8 J ⁄ cm2 fluence dose, but cytochrome c

level was decreased after 2 h (Fig. 2B). Photoactivated H. corymb-

osa extracts induced a significant increase, however, in the protein

expression of AIF and Bax (Fig. 2B).

Identification of differentially expressed proteins by 2D gel

This study further investigated the proteins involved in the photo-

activated H. corymbosa-induced M21 cell apoptosis, protein lysate

of control and H. corymbosa-photosensitized cells were analysed

by 2D gel, and the induced protein spots were detected by the

PDQuest software. After the treatment of cells with 80 lg ⁄ml

H. corymbosa extracts for 4 h and 0.8 J ⁄ cm2 fluence dose, we

found 12 protein spots to be markedly changed compared to the

control cells (Fig. 3). Photoactivated H. corymbosa triggered signif-

icant decrease in the protein expression of spots 1–6 (Fig. 3). In

H. corymbosa-photosensitized cells, the protein expression of spots

7–12 is more intense than those in the control cells (Fig. 3). These

altered proteins were identified as MTHSP75, PDI, HSP27, vimen-

tin, tropomyosin 4, chaperonin and cathepsin D preproprotein

(Table S2) and were classified according to functional category,

including chaperones (MTHSP75, PDI, HSP27 and chaperonin)

and cytoskeletal proteins (vimentin and tropomyosin 4). It is

interesting to note that the chaperonin revealed spot families in

the horizontal direction of the 2D gel. These variants of chapero-

nin are identical in molecular weight but different in pI values

(Fig. 3). Spots 4 and 5 were identified as vimentin, and that are

identical in pI values but different in molecular weight (Fig. 3).

Effect of photoactivated Hedyotis corymbosa on the protein

expression of chaperones in M21 cells

Because proteomic analysis reveals chaperones involvement in the

photoactivated H. corymbosa-induced M21 cell apoptosis, the pro-

tein expression of mitochondrial or endoplasmic reticulum (ER)

chaperones, such as HSP27, HSP60, HSP70, ORP150, PDI and

caspase-4, was examined in this study. As shown in Fig. 2B, expo-

sure of M21 cells to 80 lg ⁄ml of H. corymbosa extracts and

0.8 J ⁄ cm2 fluence dose resulted in decreases in HSP27, HSP60,

HSP70, ORP150, PDI and caspase-4 protein level.

Photodynamic effect of Hedyotis corymbosa extracts on

cytoskeleton in M21 cells

In the following experiment, the effect of photoactivated H. cor-

ymbosa on M21 cell actin microfilaments was examined. In the

control cells, actin microfilaments were diffusely present as short

microfilaments throughout the M21 cells (Fig. 4A). After the

treatment of cells with H. corymbosa extracts (80 lg ⁄ml, 4 h) and

fluence dose (0.8 J ⁄ cm2), actin microfilaments were significantly

reduced and concentrated prominently on the cell membrane

margins in many cells (Fig. 4A). In the absence of light, H. cor-

ymbosa extracts had no significant effect on the distribution of

F-actin (data not shown). In addition, photoactivated H. corymb-

osa caused a significant decrease in the fluorescence intensity of

F-actin in M21 cells (Fig. 4A). To further examine whether micro-

tubules was injured by photoactivated H. corymbosa in M21 cells,

TubulinTracker Green reagent was used to detect the b-tubulin of

microtubules in this study. As shown in Fig. 4A, microtubules

were present as short fragments throughout the cells after the

treatment of M21 cells with 80 lg ⁄ml H. corymbosa extracts and

0.8 J ⁄ cm2 fluence dose. However, microtubules are extensive

fibrillar in the control cells (Fig. 4A).

The effect of phalloidin on the photoactivated Hedyotis

corymbosa-induced cell death and disruption of actin

microfilaments of M21 cells

In this experiment, we determined the effect of phalloidin, an

actin-stabilizing agent, on the photoactivated H. corymbosa

extracts-induced M21 cell death by MTT assay. The photoactivat-

ed H. corymbosa extracts-induced M21 cell death was partly

blocked by pretreatment with 1 lm phalloidin for 1 h (Fig. 4B).

The phenotypic characteristics of H. corymbosa-sensitized ⁄ irradi-

ated cells were also evaluated. When cells were incubated with

H. corymbosa extracts (40 and 80 lg ⁄ml, 4 h) prior to irradiation,

a greater percentage of the cells displayed a rounded morphology

and eventually detached from the substratum (Fig. 4C). Pretreat-

ment of M21 cells with 1 lm phalloidin prevented the photoacti-

vated H. corymbosa-induced changes in cell morphology (Fig. 4C)

and disruption of actin microfilaments (Fig. 4D).

Effects of photoactivated Hedyotis corymbosa on

mitochondrial function of M21 cells

The activity of mitochondria was evaluated in this study. As

shown in Figure S3A, the dot-like structures and bright red fluo-

rescence was observed in control cells’ cytoplasm using the Mito-

Tracker Red CMXRos. In H. corymbosa-photosensitized cells, the

red fluorescence was faint (Figure S3A). This result suggested that

the capability for MitoTracker Red CMXRos uptake by mitochon-

dria in control cells is higher compared to those in H. corymbosa-

photosensitized cells. To confirm the possible role of MPT pore in

the process of photoactivated H. corymbosa-induced apoptosis, we

measured the opening of MPT pore in intact cells by flow cytome-

try. As shown in Figure S3B, treatment with 40 lg ⁄ml H. corymb-

osa 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

Figure 3. Two-dimensional electrophoresis maps of control or Hedyotis
corymbosa-photosensitized M21 cells. Cells were incubated with 0.1%
dimethylsulphoxide or 80 lg ⁄ml H. corymbosa extracts for 4 h and then irradiated
with 0.8 J ⁄ cm2 fluence dose. Proteins were separated on a pH 3–10 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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MPT pores. However, treatment with 40 lg ⁄ml H. corymbosa

extracts for 4 h had no effect on the calcein fluorescent intensity

of M21 cells in the dark (Figure S3B). Because the opening of

MPT pore is accompanied by decrease in MMP, this study exam-

ined the photodynamic effect of H. corymbosa extracts on MMP

in M21 cells. After cells were treated with H. corymbosa extracts

and irradiation, a remarkable attenuation of MMP occurred com-

pared to the control cells or the cells treated with 40 lg ⁄ml

H. corymbosa extracts in the dark (Figure S3C). Based on the

above data, mitochondrial function is severely impaired by photo-

activated H. corymbosa extracts in M21 cells.

Discussion
This study demonstrated that 80 lg ⁄ml H. corymbosa extracts and

0.8 J ⁄ cm2 light dose caused cell death of M21 cells. H. corymbosa

extracts did not show any dark toxicity under the same concentra-

tions for evaluation M21 cell death. Therefore, H. corymbosa

extracts may be a photosensitizer, which leads to induce M21 can-

cer cell death. As shown in Figure S1, the absorption spectrum of

H. corymbosa extracts in ethanol shows the typical Soret band at

420 nm and Q band at 670 nm. It suggests a tetrapyrrolic struc-

ture, likely present in a mixture of substances, such as chlorins

and porphyrin (16,17). The photosensitizing activity of naptho-

dianthrones and tetrapyrrolic derivatives found in plants has been

discovered. Hypericin, a component of Hypericum plants, has

extensively been used in PDT. The green plant pigment chloro-

phyll containing the porphyrin-related chlorin ring is partially

responsible for this activity (18,19). The purification of photosen-

sitizer from H. corymbosa extracts will be further developed in our

study. Photodynamic effect occurs when light-activated photosen-

sitizers transfer the energy to oxygen nearby to produce singlet

oxygen. Singlet oxygen can then react with biological substrates,

resulting in cellular damage (16,17). Therefore, reactive oxygen

species (ROS) may play an important role in the H. corymbosa

extracts-induced photokilling in M21 cells.

In this study, apoptosis was virtually the unique type of cell

death in response to H. corymbosa extracts and irradiation in M21

cells. During the photoactivated H. corymbosa-induced apoptosis,

nuclear condensation and externalization of phosphatidylserine

were observed in M21 cells. In the experiment of annexin V ⁄PI

double staining, exposing the M21 cells to H. corymbosa extracts

and light resulted in an increase in the late apoptotic cells.

According to the results of LDH assay, we also demonstrated that

photoactivated H. corymbosa-induced M21 cell death was a typical

apoptosis, not necrosis. Photosensitized H. corymbosa also induced

significant changes in pro-form caspase-3, AIF and cytochrome c

protein levels, which are important indicators of apoptosis.

Proteomic data showed that chaperones, such as MTHSP75,

PDI, HSP27 and chaperonin, were involved in the photoactivated

H. corymbosa-induced M21 cell apoptosis. It is well known that

chaperones are found in the ER or mitochondria. Therefore, we

focused our attention on the protein expression of mitochondrial

and ER molecular chaperones. This study demonstrated that the

molecular chaperones in the ER, such as PDI, caspase-4 and

ORP150, are involved in the photoactivated H. corymbosa-induced

M21 cell apoptosis by decreasing protein levels. The ORP150, a

new member of HSP family, functions as a molecular chaperone

in the ER (20). Caspase-4 has been shown to be localized on the

(A)

(B)

(C) a b c

fed

a b c

fed

(D)

Figure 4. The effect of photoactivated Hedyotis corymbosa on actin
microfilaments and microtubules of M21 cells. Cells were incubated with 0.1%
dimethylsulphoxide (DMSO) (control) or 80 lg ⁄ml Hedyotis corymbosa extracts for
4 h and then irradiated with 0.8 J ⁄ cm2 fluence dose. After irradiation, the
localization of F-actin and b-tubulin was examined. The specimens were observed
by fluorescent microscope (1000·). (B) Effects of phalloidin on the photoactivated
H. corymbosa extracts-induced cell death of M21 cells. Cells were incubated with
0.1% DMSO or H. corymbosa extracts (HC) for 4 h and then irradiated with
0.8 J ⁄ cm2 fluence dose. In phalloidin (Pha) treatment, cells were pretreated with
phalloidin for 1 h. The viable cells were measured by MTT assay. Results are
expressed as the mean percentage of control ± SD. �P < 0.01 compared to the
control values. *P < 0.01 compared to the photoactivated H. corymbosa extracts-
treated cells. (C) Effects of phalloidin on the photoactivated H. corymbosa extracts-
induced changes in cell morphology (150·). (D) Effects of phalloidin on the
photoactivated H. corymbosa extracts-induced disruption of actin microfilaments
(300·). a: control cells; b: 40 lg ⁄ml H. corymbosa-treated cells; c: 80 lg ⁄ml
H. corymbosa-treated cells; d: 1 lM phalloidin-treated cells; e: 1 lM phalloidin- and
40 lg ⁄ml H. corymbosa-treated cells; f: 1 lM phalloidin- and 80 lg ⁄ml
H. corymbosa-treated cells. All results are representative of three independent
experiments.
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ER and as an ER stress–specific caspase in human (21,22). Photo-

activated H. corymbosa also induced a significant decrease in the

protein expression of HSP60 and HSP70, which act as mitochon-

drial molecular chaperone, in this study. These results are consis-

tent with previous observations that have shown an association

between the expression of the molecular chaperones and cell death

(23,24). The above findings suggest that the protein folding path-

way serves as an important apoptotic control point in the photo-

activated H. corymbosa-induced apoptosis. After treatment with

H. corymbosa and light, the vimentin and chaperonin revealed

spot families in the vertical and horizontal direction, respectively,

in the 2D gel. This result seemed to suggest that the single spots

of the complex pattern were probably because of post-translational

modifications of one particular protein.

Because MTHSP75 is the precursor of HSP70 and located in

the matrix of mitochondria, we hypothesized that photoactivated

H. corymbosa induced M21 cell apoptosis in association with regu-

lation of mitochondrial function. The MPT pore is characterized

by opening of the permeability transition pore in the inner mito-

chondrial membrane, which results in increase in permeability of

this membrane to protons, ions and small–molecular weight sol-

utes (25). This increased permeability is also considered to lead to

a collapse of the MMP (26,27). We demonstrated that photoacti-

vated H. corymbosa extracts induced the opening of MPT pores

accompanied by a disruption of MMP in M21 cells. In addition,

photoactivated H. corymbosa induced a significant reduction in

the capability for MitoTracker Red CMXRos uptake by mitochon-

dria. These data suggested that mitochondria may be a target of

photoactivated H. corymbosa during photoactivated H. corymbosa-

induced M21 cell death.

It has been indicated that the function of mitochondria is regu-

lated by F-actin (7,8). In the results of 2D gel electrophoresis, we

also observed that HSP27, vimentin and tropomyosin significantly

decreased after treatment with H. corymbosa and fluence. Vimen-

tin and tropomyosin are the important constituents of cytoskele-

ton. It has been reported that p38-mediated F-actin reorganization

was associated with translocation of HSP27 from cytosolic to cyto-

skeletal fraction (28). The involvement of cytoskeletal actin in

apoptosis has been suggested by some morphological studies,

which show actin cleavage during morphological apoptosis

(29,30). According to the above considerations, this study investi-

gated the role of cytoskeleton during photoactivated H. corymbosa

extracts-induced M21 cell apoptosis. Photoactivated H. corymbosa

extracts reduced the length of the stress fibres and amount of

F-actin in M21 cells, indicating that the photoactivated H. corymb-

osa extracts-induced M21 cell apoptosis is mediated in part

through its effect on actin microfilaments. Furthermore, the

photoactivated H. corymbosa-induced cell death and disruption of

F-actin was partly blocked by pretreatment with 1 lm phalloidin,

an actin-stabilizing agent. Based on the above data, the regulation

of cytoskeletal actin is involved in the photoactivated H. corymb-

osa extracts-induced M21 cell apoptosis.

We demonstrated that the photoactivated H. corymbosa

extracts-induced cell apoptosis is a typical apoptosis that is

accompanied by nuclear condensation, externalization of phospha-

tidylserine and integrated cell membrane. This study applied 2D

electrophoresis to analyse the proteins involved in photoactivated

H. corymbosa-induced M21 cell apoptosis. The cytoskeletal pro-

teins and chaperones were demonstrated to be involved in photo-

activated H. corymbosa-induced M21 cell apoptosis.
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Figure S1. The absorption spectrum of Hedyotis cor-
ymbosa extracts in ethanol (1 mg ⁄ml).

Figure S2. Annexin V-FITC ⁄ PI staining of M21 cells
treated with 0.1% dimethylsulphoxide (A) or with 40 (B)
or 80 (C) lg ⁄ml Hedyotis corymbosa extracts followed by
irradiation with 0.8 J ⁄ cm2 fluence dose. Cells were then
processed for annexin V-FITC ⁄ PI staining and analyzed
with flow cytometry. In light-shield condition (D), cells
were incubated with 80 lg ⁄ml H. corymbosa extracts for
4 h. Results are representative of three independent
experiments.

Figure S3. Effects of photoactivated Hedyotis corymb-
osa extracts on mitochondrial function in M21 cells.

Table S1. Lactate dehydrogenase release from M21
cells.
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