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Abstract Dysadherin is a recently found anti-adhe-

sion molecule, therefore detection and down regula-

tion of its expression is promising in cancer treatment.

The up-regulation of dysadherin contributes to colon

cancer recurrence and metastasis. Dysadherin also has

connections with cytoskeletal proteins and it can cause

alterations in the organisation of filamentous actin (F-

actin) in metastatic cancers. In this study, hypericin

(HYP)-mediated photodynamic therapy (PDT) was

performed in two different grade colon adenocarci-

noma cell lines HT-29 (Grade I) and Caco-2 (Grade

II). Cells were treated with 0.04, 0.08 or 0.15 lM HYP

concentrations and irradiated with (4 J/cm2) fluores-

cent lamps. The effects of HYP was examined 16 and

24 h after the activation. We investigated for the first

time the effect of HYP-mediated PDT on the expres-

sion of dysadherin and F-actin organisation. Accord-

ing to the results, HYP mediated PDT caused a

decrease in gene expression and immunofluorescence

staining of dysadherin and an increase in actin stress

fibers and actin aggregates in HT-29 and Caco-2 cell

lines. Besides, cytotoxicity, number of floating cells

and apoptotic index changed depending on the cell

type, HYP concentration and incubation time. We

have demonstrated for the first time that dysadherin

and F-actin could be target molecules for HYP-

mediated PDT in HT-29 and Caco-2 colon cancer cell

lines.
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Introduction

Every year, colon cancer affects 1.23 million people

and causes 608,000 deaths worldwide. It is the third

most common malignant disease among men and the

second among women (Ku et al. 2012). While surgical

resection is the only known curative treatment, a

significant number of patients still develop local

recurrence and/or distant metastasis (Yang et al.

2012). Therefore, identification of factors that accu-

rately predict the prognosis is essential. Although

adjuvant chemotherapy or radiation therapy is needed

after resection, unfortunately they are insufficient to

eliminate the cancer tissue completely and to distin-

guish it from surrounding healthy tissues (Aoki et al.

2003; Salvador 2008). In this regard, it is essential to

develop novel strategies and agents having improved

pharmacologic profile and low toxicity without having

drug resistance. Photodynamic therapy (PDT), a

promising treatment for various types of cancer

compared to conventional cancer therapies, is on the

rise. PDT involves the administration of photosensi-

tizing agent (PS), selective accumulation of PS in

cancer cells, followed by irradiation with visible light,
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generation of reactive oxygen species (ROS), and PDT

results in cell death (Sanovic et al. 2011). Possibility of

repeated treatment, low systemic toxicity, selective

accumulation without harmful side effects to healthy

tissues, being applicable alone or in combination with

currently used cancer therapies are remarkable advan-

tages of PDT (Ackroyd et al. 2001; Allison and Sibata

2010). Several PS including HYP, are in advanced

stages of clinical trials or in the approval phase for the

treatment of several malignant and nonmalignant

diseases. PDT has been approved in several countries

for treatment of bladder, head and neck, lung, breast,

esophageal, cervical and pancreatic cancers, but there

are still loose ends in its clinical use and treatment of

other cancer types, including colon cancer (Paszkoa

et al. 2011; Yoo and Ha 2012).

In recent years, hypericin (HYP) has been the most

frequently studied PS. HYP is a naturally occurring

compound from Hypericum perforatum with approx-

imately 595 nm wavelength light absorbance. HYP

has advantages of minimal dark toxicity, high clear-

ance from the body and high singlet oxygen produc-

tion. Nevertheless, there are still question marks

limiting its clinical use (Paszkoa et al. 2011).

Depending on the HYP concentration, light dose,

incubation time and cell origin, the type of cell death

induced by PDT can be altered (Mikeš et al. 2007).

The fundamental goal of the cancer research is to

identify molecules which are expressed only in cancer

cells such as stomach, colon, pancreatic, and breast

cancers rather than in normal cells. If these molecules

have the potential to initiate tumor occurence or

progression by chance, they become potential target

molecules of novel treatment methods in order to

prevent cancer (Nam et al. 2007). Dysadherin, a

recently identified cell membrane glycoprotein, is

expressed in a wide variety of cancer cells but

relatively few in normal cells (Ino et al. 2002). It is

estimated that dysadherin expression would be a good

biological predictor for cell invasion and metastasis in

human cancers (Hirohashi and Kanai 2003; Shimam-

ura et al. 2004). It was reported that dysadherin

expression has prognostic importance in advanced

colorectal cancers (Batistatou et al. 2006). Dysadherin

is also known as Fxyd domain containing ion transport

regulator 5 (FXYD5). It interacts with Na–K ATPase,

modulates its properties and down-regulates the

expression of E-cadherin, therefore it is also called

anti-adhesion molecule. The basis of human cancer

morphogenesis is inactivation of cell adhesion. Recent

studies have indicated that dysadherin expression

increased in metastatic cancers. Therapies that are

targeting down-regulation of dysaderin expression are

expected (Nam et al. 2007).

Dysfunction of adhesion molecules or related cell

cytoskeletal molecules is a significant step in develop-

ment and progression of the majority of colon cancers

(Buda and Pignatelli 2004). During the cancer invasion

and metastasis, the cell motility is increased related with

the cell cytoskeletal changes especially actin reorgani-

sation (Wicki and Lehembre 2006). Moreover, dysadh-

erin as a transmembrane protein has connections with

cytoskeletal proteins and can cause alterations in the

organisation of actin filaments with E-cadherin depen-

dent or independent pathways in metastatic cancers

(Nam et al. 2007). After PDT with different PS in various

cancer cells, beside from morphological changes, actin

cytoskeleton modifications are accompanied with cell

adhesion changes (Di Venosa et al. 2012).

The aim of this study is to enlighten mechanisms

underlying the effect of HYP-mediated PDT on anti-

adhesive properties and cytoskeletal changes in colon

cancer. In order to investigate the differences in

response, different grade human colon adenocarci-

noma cell lines, HT-29 and Caco-2 were used to

compare dysadherin gene expression and actin fila-

ment organisation after PDT. The data generated in

this study will also contribute to the clinical use of

HYP in treatment of metastatic colon cancers.

Materials and methods

Cell lines and culture conditions

HT-29 (Grade I) and Caco-2 (Grade II) cells were

obtained from HUKUK, Foot and Mouth Disease

Institute (Ankara, Turkey). The cells were routinely

maintained in Dulbecco’s Modified Eagle Medium

(HyClone Laboratories, Inc., Logan, UT, USA) sup-

plemented with 10 % fetal bovine serum (PAA

Laboratories, Linz, Austria) at 37 �C and 5 % CO2

in a humidified incubator.

Photosensitizer and PDT procedure

Hypericin HPLC grade (AppliChem, Darmstadt, Ger-

many), was prepared as a stock solution in DMSO
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(final concentration is \0.1 %) and was diluted to

particular working concentrations according to pre-

liminary experiments. The cells were incubated with

different concentrations of HYP (0.04, 0.08, 0.15 lM)

in dark conditions for 24 h. Prior to irradiation, the

medium containing HYP was replaced with fresh

HYP-free DMEM without phenol red. Irradiation

device consists of twelve L18W/830 fluorescent tubes

(Osram, Berlin, Germany) with maximum emission in

the range 530–620 nm, which covers HYP maximum

absorbance. In order to avoid over heating eight fans

were placed onto the device and temperature was

measured throughout the irradiation. The light dose

was measured with TES 1335 luxmeter (Rotronic,

Taipei, Taiwan). HYP was activated by light at a total

dose of 4 J/cm2. The groups are control group (no

HYP treatment but photoactivated), DMSO group

(only DMSO treatment and photoactivated), HYP

groups (0.04, 0.08, 0.15 lM HYP treatment and

photoactivated). A dark control group treated with

0.15 lM HYP without irradiation was also included.

Analysis were performed 16 and 24 h after irradiation

(Scheme 1).

Cell number and floating cell quantification

Cells were seeded in six-well plates with the same

initial cell number (60 9 104) for control and HYP

treatment groups in order to count cell number after

PDT. After staining with 0.5 % trypan blue, viability

was evaluated in a Bürker chamber by using light

microscopy. The number of floating cells in the

supernatant was presented in order to show the

increase in dead cells due to HYP cytotoxicity.

MTT assay

Cells were suspended in a complete medium (HyClone

Laboratories, Inc. Logan, UT, USA), seeded into

96-well microculture plates, and incubated for 24 h.

After 16 and 24 h from HYP activation, 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bro-

mide (MTT, Sigma, St. Louis, MO, USA) was added.

After incubation for 4 h, isopropanol was added and

optical density at 570 nm was recorded with a micro-

plate reader (Bio Tek Instruments Inc., Winooski, VT,

USA). Experiments have been triplicated and surviv-

ing cell % was defined as the treatment group/control

group (control group assumed as 100 % survival).

Analysis of hypericin content

After HYP activation floating and adherent cells were

harvested together, washed and resuspended in PBS,

and the fluorescence of HYP was analyzed using flow

cytometer (EPICS XL-MCL Beckman Coulter, Brea,

CA, USA). In order to measure the intensity of HYP

fluorescence in the cells CellQuestPro software was

used. HYP content was evaluated as mean fluores-

cence intensity (MFI) and as the ratio of MFI in

treatment/control group (relative fluorescence inten-

sity, RFI) (Jendzelovsky et al. 2009).

Quantification of apoptosis index by DAPI staining

Cells were stained with 4,6-diamidino-2-phenylindole

(DAPI, Hyclone) and scored as apoptotic according to

condensation and fragmentation of nuclear DNA by

nuclear morphological analysis. At least 200 cells were

Scheme 1 Experimental

groups and PDT procedure
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counted in each sample and the number of apoptotic

and normal nuclei were determined under fluorescence

microscope (Olympus IX71, Tokyo, Japan). The

apoptotic index was calculated as apoptotic/total

number of cells 9 100.

Immunofluorescent staining (IF) of F-actin

and dysadherin

Cells were incubated and fixed in 4 % paraformalde-

hyde for 10 min, incubated with 0.1 % TritonX-100,

washed in PBS, blocked for 30 min in 2 % goat serum

(Santa Cruz Biotechnology, Inc., Santa Cruz, CA,

USA). Then, the cells were incubated with anti-

dysadherin antibody (1:50 diluted) (Santa Cruz Bio-

technology, Inc., Santa Cruz, CA, USA) at 4 �C

overnight in a moist chamber, followed by Texas red

labeled secondary antibody incubation (Santa Cruz

Biotechology, Inc., Santa Cruz, CA, USA) for 60 min.

Alexa fluoro 488-conjugated phalloidin (Invitrogen,

CA, Santa Cruz, CA, USA) was applied directly to

visualize F-actin. The samples were then mounted

with mounting medium and examined by fluorescence

microscope. The experiments were performed in

triplicate.

Quantification of dysadherin expression

with reverse transcriptase polymerase chain

reaction (RT-PCR)

Total RNA was extracted from HT-29 and Caco-2

cells with Qiagen Rneasy Mini Kit (Valencia, CA,

USA) and was quantified in NanoDrop 2000c (Ther-

moscientific, West Palm Beach, FL, USA). The total

RNA was reverse transcribed with using an oligo(dT)

Table 1 Floating cell number (9104) in HT-29 and Caco-2

cell populations

Incubation time (h)

16 h 24 h

HT-29

Control 2.0 ± 0.01 4.0 ± 0.2

0.04 lM HYP 5.0 ± 0.05b 8.1 ± 0.1a

0.08 lM HYP 9.5 ± 0.11a 8.9 ± 0.37a

0.15 lM HYP 12 ± 0.03a 9.8 ± 0.06a

Caco-2

Control 0.28 ± 0.002 0.55 ± 0.009

0.04 lM HYP 0.83 ± 0.01b 0.22 ± 0.03b

0.08 lM HYP 1.30 ± 0.007a 0.33 ± 0.0012b

0.15 lM HYP 2.36 ± 0.01a 1.46 ± 0.06a

The cells were treated with hypericin (0.04, 0.08 and 0.15 lM

HYP), irradiated with 4 J/cm2 and harvested 16 or 24 h after

PDT. The results (mean ± SE) of three independent

experiments are shown
a Statistically significant from control group (P B 0.05)
b Statistically significant from 0.15 lM HYP group (P B 0.05)

Fig. 1 HYP photocytotoxicity (MTT test) in (A) HT-29 and

(B) Caco-2 cells 16 and 24 h after PDT. The cells were treated

with HYP (0.04, 0.08 and 0.15 lM HYP), irradiated with 4 J/

cm2 and harvested 16 or 24 h after PDT. The results

(mean ± SE) of three independent experiments are shown as

% of the untreated control. a statistically significant from control

group, b statistically significant from 0.04 lM HYP group

(P B 0.05)
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primer Invitrogen SuperScript III First Strand Syn-

thesis System for RT-PCR kit. First strand cDNA was

synthesized from 0.5 mg of RNA. Semiquantitative

RT-PCR was performed and the template cDNA was

amplified by the use of Go Taq Flexi DNA polymerase

(Promega, Madison, WI, USA). For standardization of

the amount of template cDNA, expression of cyclo-

philin A (a house keeping gene) was quantified in each

sample. The primer sets for amplification of dysadh-

erin and cylophilin A cDNA were as follows:

dysadherin, 50-TCCCACTGATGACACCACGA-30

(forward primer), 50ACTTGCCACTGGTGAGGATG

AT-30 (reverse primer), cylophilin A, 50-AGGTCCCA

AAGACAGCAGAA-30 (forward primer), 50TGTCC

ACAGTCAGCAATGGT-30 (reverse primer) PCR

products were subjected to agarose gel (2 %) electro-

phoresis and visualized by ethidium bromide staining.

The gel was viewed and captured as a digital image by

Fig. 2 0.04, 0.08, 0.15 lM HYP accumulation in HT-29 and

Caco-2 cells measured with a flow cytometer 24 h after HYP-

mediated PDT, expressed as the ratio of mean fluorescence

intensity of treatment/control group. a statistically significant

from control group, b statistically significant from 0.04 lM

HYP group (P B 0.05). c statistically significant from 0.08 lM

HYP group (P B 0.05)

Fig. 3 Histograms of HYP fluorescence intensity using flow cytometer in HT-29 cells 24 h after PDT
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Fig. 4 Histograms of HYP fluorescence intensity using flow cytometer in Caco-2 cells 24 h after PDT

Fig. 5 Apoptotic cell % of treatment groups compared to

control group (apoptotic index) in (A) HT-29 and (B) Caco-2

cells is presented. The cells were treated with HYP (0.04, 0.08

and 0.15 lM HYP), irradiated with 4 J/cm2 and harvested 16 or

24 h after PDT. a statistically significant from control group

(P B 0.001), b statistically significant from 0.04 lM HYP

group, c statistically significant from 0.08 lM HYP group

(P B 0.05)
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the Syngene Gene Genius and quantified by Gene

Tools Analysis Software 3.02.00 (Syngene, Frederick,

MD, USA). The experiments were performed in

triplicate and results were given as the relative

dysadherin expression level (dysadherin/cyclophilin

A expression).

Western blot analysis

Cells were lysed on ice for 30 min with lysis buffer

(25 mM TrisHCl pH 7.6, 150 mM NaCl, 1 % NP-40,

1 % sodium deoxycolate, 0.1 % SDS) (Pierce Biotech-

nology 89901, Rockford, IL, USA). The supernatant

Fig. 6 HT-29 cells were incubated with different concentra-

tions of HYP and 16 h after PDT HYP-induced apoptosis was

determined by DAPI staining using fluorescence microscopy.

Control group (A), DMSO (B), HYP treatment groups 0.04 lM

(C), 0.08 lM (D) and 0.15 lM HYP (E). arrow head nuclear

condensation, arrow nuclear fragmentation

Cytotechnology (2015) 67:311–330 317

123



was collected after centrifugation (15,000 rpm for

30 min) and the amount of total protein was measured

using BCA kit (Pierce Biotechnology 23227, Rockford,

IL, USA). Samples of 30 lg protein per lane were

separated by SDS PAGE (12.5 %) and then transferred

to a nitrocellulose membrane. The membrane was

incubated with a monoclonal anti-dysadherin antibody

(Santa Cruz Biotechnology sc-98246, Santa Crus, CA,

USA). Blots were developed with chemiluminescence

reagents (BM chemiluminescence blotting substrates;

Fig. 7 HT-29 cells were incubated with different concentra-

tions of HYP and 24 h after PDT HYP-induced apoptosis was

determined by DAPI staining using fluorescence microscopy.

Control group (A), DMSO (B), HYP treatment groups 0.04 lM

(C), 0.08 lM (D) and 0.15 lM HYP (E). arrow head nuclear

condensation, arrow nuclear fragmentation
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Boehringer Mannheim, Roche Molecular Biochemical,

Mannhaim, Germany) and immunoreactive bands were

detected by autoradiography. Jurkat whole cell lysate

(Santa Cruz Biotechnology sc-2204, Santa Cruz, CA,

USA) was used as a positive control.

Statistical analysis

A statistical analysis was performed using the STAT-

ISTICA program for Windows. Data were expressed

as mean ± standard error (SE) and statistical

Fig. 8 Caco-2 cells were incubated with different concentra-

tions of HYP and 16 h after PDT HYP-induced apoptosis was

determined by DAPI staining using fluorescence microscopy.

Control group (A), DMSO (B), HYP treatment groups 0.04 lM

(C), 0.08 lM (D) and 0.15 lM HYP (E). arrow head nuclear

condensation, arrow nuclear fragmentation
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significance was assigned at the P B 0.05 level. The

homogeneity of variance and normal distribution

between groups were evaluated by General Linear

Model procedure and Kolmogorov–Smirnov

nonparametric test. Data were analysed using one-

way ANOVA with Tukey’s post hoc test. Factorial

ANOVA was used to analyse differences depending

on both incubation time and HYP concentration.

Fig. 9 Caco-2 cells were incubated with different concentra-

tions of HYP and 24 h after PDT HYP-induced apoptosis was

determined by DAPI staining using fluorescence microscopy.

Control group (A), DMSO (B), HYP treatment groups 0.04 lM

(C), 0.08 lM (D) and 0.15 lM HYP (E). arrow head nuclear

condensation, arrow nuclear fragmentation
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Results and discussion

HT-29 and Caco-2 cells differentiate spontaneously

and form typical intestine villus structured colon

cancer cells which express specific intestine enzymes

(Mitchell and Ball 2004). Previously, HYP-mediated

PDT in HT-29 cells was investigated. On the other

hand, there are no reports about the response in Caco-2

cells and the possible action mechanism of HYP on

anti-adhesion molecule dysadherin and cell cytoskel-

etal element F-actin after PDT. In this study, after

HYP-mediated PDT, HT-29 and Caco-2 colon ade-

nocarcinoma cells were compared for cytotoxicity,

types of cell death, immunostaining of dysadherin and

F-actin and also gene expression of dysadherin for two

incubation times.

According to the results, no significant differences

were observed between control, DMSO and dark

control groups. We observed that after HYP activa-

tion, number of the floating cells were markedly

elevated. In HT-29 cells, the increase in floating cells

were significant in HYP groups compared to the

control group for both incubation times. Our results

are consistent with the work of Mikeš et al. (2007) in

which floating cells were increased depending on the

HYP concentration and incubation time in HT-29

cells. In Caco-2 cells, increase in the number of

floating cells was statistically significant in 0.04, 0.08

and 0.15 lM HYP groups compared to control group

after 16 h after PDT (Table 1). 24 h after PDT the

increase of floating cells was significant only in the

0.15 lM HYP group compared to control group.

It is known that phototoxicity of HYP is closely

associated with the cell type. In various cancer cells

after HYP-mediated PDT, cell death induction was

related with mitochondrial membrane potential and

Fig. 10 Immunofluorescence staining of dysadherin (cell membrane, red color) in HT-29 cells 16 and 24 h after PDT. Magnification

9400. (Color figure online)
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mitochondrial enzyme alterations, resulted in hydro-

xyl radical formation and lipid peroxidation (Theod-

ossiou et al. 2009). It was reported that HYP is

accumulated mostly in mitochondria, endoplasmic

reticulum, Golgi appartus and slightly in lysosomal

membrane (Galanou et al. 2008). MTT assay (based

on mitochondrial activity) and neutral red assay (based

on lysosomal activity, data not shown) were per-

formed in order to determine cytotoxicity. According

to the results, HYP was found to be more cytotoxic in

MTT assay due to the primarily affected mitochondria.

HYP concentration dependent phototoxicity was seen

in both HT-29 and Caco-2 cells (Fig. 1). Considerable

differences in MTT assay between HT-29 and Caco-2

cells were observed after PDT. In the same PDT

conditions, cytotoxicity in Caco-2 cells was lower than

in HT-29 cells. Cytotoxicity decreased in Caco-2 cells

and increased in HT-29 cells 24 h after PDT.

According to Dahl et al. (2006), cytotoxicity can be

graded as follows, non-toxic ([90 % cell viability),

slight toxic (60–90 % cell viability), moderately toxic

(30–59 % cell viability), and toxic (\30 % cell

viability). Control and DMSO groups were graded as

non-toxic, 0.04 and 0.08 lM HYP concentrations

were slightly toxic in HT-29 and Caco-2 cells for both

incubation times. 0.15 lM HYP concentration was

graded as moderately toxic in HT-29 and slightly toxic

in Caco-2 cells. For both of the cells, the viability

increased 48 h after irradiation (data not shown).

Without irradiation HYP does not emit fluores-

cence light, but after activation with the appropriate

wavelength light, fluorescence light emission starts.

The relative intracellular HYP accumulation can be

evaluated by measuring fluorescence intensity in flow

cytometer (Yamazaki et al. 1993). In this study, the

HYP content increased depending on the

Fig. 11 Immunofluorescence staining of dysadherin (cell membrane, red color) in Caco-2 cells 16 and 24 h after PDT. Magnification

9400. (Color figure online)
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accumulation in HT-29 and Caco-2 cells (Fig. 2). The

relative fluorescence intensity rose in treatment groups

indicating the increase in intracellular HYP accumu-

lation. The fluorescence intensity is also presented in

histograms (Figs. 3, 4). In the only study conducted

with Caco-2 cells, HYP and protohypericin were

accumulated 4–8 % in the cell and membranes 3 h

after activation (Kamuhabwa et al. 1999). In this

study, it was observed that cellular HYP uptake was

high in Caco-2 cells for 0.04 and 0.08 lM HYP

concentrations but, in HT-29 cells HYP accumulation

was higher in the 0.15 lM HYP treatment group.

The induction of apoptosis after HYP-mediated

PDT in HT-29 and Caco-2 cells is presented in Fig. 5.

Apoptotic index increased depending on HYP concen-

tration both in HT-29 and Caco-2 cells. 24 h after PDT

apoptotic index was higher than for 16 h incubation for

0.15 lM HYP concentration in both cell types but not

for low HYP concentrations. Cyclooxygenase-2

(COX2) has a significant role in colon cancer progres-

sion with its anti-apoptotic effect, promoting invasion

and angiogenesis. While HT-29 cells have high COX-2

expression, Caco-2 cells have low COX-2 expression

level (Lev-Ari et al. 2005). 16 h after PDT apoptotic

cell % was higher in low HYP concentration group in

Caco-2 cells compared to HT-29 cells possibly due to

low COX-2 expression. It was reported that HYP-

mediated PDT of human cancer cells leads to up-

regulation of the inducible COX-2 (Hendrickx et al.

2003). The cytotoxic effect of HYP started to decrease

and possibly PDT induced resistance against apoptosis

in Caco-2 cells 24 h after PDT.

DAPI IF stainings are presented in Figs. 6, 7 for

HT-29 cells, and Figs. 8, 9 for Caco-2 cells. At low

HYP concentration (0.04 lM) early apoptotic cells

characterised by nuclear condensations were seen

Fig. 12 Immunofluorescence staining of F-actin (green) in HT-

29 cells. The cells were untreated (A) or treated with HYP

0.04 lM (B), 0.08 lM (C) and 0.15 lM HYP (D), irradiated

with 4 J/cm2 and harvested 16 h after PDT. arrow head actin

aggregates, arrow actin stress fibers. (Color figure online)
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more frequently. In the 0.08 and 0.15 lM HYP

groups, number of late apoptotic cells having frag-

mented nuclei and apoptotic bodies increased.

Escaping from apoptosis and continuous prolifer-

ation are characteristic properties of cancer cells. New

molecules which are targeting apoptosis by intrinsic or

extrinsic pathways, have a significant role in cancer

treatment (Ashkenazi 2002). Both HT-29 and Caco-2

cells are p53 mutant which contributes colon cancer

metastasis and aggressiveness. In recent years, p63

and p73 proteins were found to belong to the p53

protein family. Caco-2 cells are p53 mutant but they

have wild type of p63 and p73 genes, therefore these

genes are possibly related to the apoptosis seen in

these cells (Ray et al. 2011). But both cells also

express anti-apoptotic Bcl-2 which is inhibiting cyto-

chrome-c release and caspase-3 activation. This may

cause developing resistance against apoptosis seen in

the 0.15 lM HYP group, and finally cell death shifts to

necrosis (Reed 1998).

FXYD5, is one of the FXYD protein family

members known as dysadherin or anti-adhesion mol-

ecule. Dysadherin interacts with and modulates the

activity of the Na–K ATPase, contributes to cell

adhesion, motility and actin organisation. The subdo-

mains of Na–K ATPase interacts with cytoskeletal

proteins by phosphoinositide 3-kinase and causes

reorganisation and lamellipodia formation (Kaplan

2005). The role of dysadherin in cell–cell interaction

and cell adhesion is related to its long extracellular

domain which is heavily and heterogeneously glycos-

ylated (Nam et al. 2007). Cell motility as one of the

phenotypes observed in vitro, can reflect the in vivo

metastatic potential of the cell. Furthermore, it was

Fig. 13 Immunofluorescence staining of F-actin (green) in HT-

29 cells. The cells were untreated (A) or treated with HYP

0.04 lM (B), 0.08 lM (C) and 0.15 lM HYP (D), irradiated

with 4 J/cm2 and harvested 24 h after PDT. arrow head actin

aggregates, arrow actin stress fibers. (Color figure online)
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shown that cancer cells which were over expressing

dysadherin, have increased metastatic potential (Shi-

mamura et al. 2004).

In this study, dysadherin IF staining was expressed

at the cell membrane in control groups after 16 and

24 h activation in HT-29 and Caco-2 cells. In the HYP

treatment groups dysadherin IF staining intensity

decreased depending on HYP concentration for both

cells (Figs. 10, 11). Submembranous cortical actin

layer and regular actin stress fibers were observed in

the cytoplasm of control groups (Figs. 12A–15A). For

HT-29 cells 24 h after PDT and for Caco-2 cells 16 h

after PDT cortical actin layer staining and dysadherin

staining decreased. Actin aggregates were observed

24 h after HYP-mediated PDT in HT-29 and Caco-2

cell cytoplasm (Figs. 12–15).

The results of molecular analysis for dysadherin

expression were in accordance with IF staining

results. Total RNA was isolated and analyzed by

RT-PCR for the expression of dysadherin and

cylophillin A. Cylophillin A expression was similar

in untreated and HYP treated cells. The expression

level of dysadherin decreased statistically in HYP

treated groups of HT-29 cells 24 h after PDT,

especially in the 0.15 lM HYP group (Fig. 16). In

Caco-2 cells, the only affected group for dysadherin

expression was the 0.15 lM HYP group after 16 h

from PDT (Fig. 16). These results showed that

HYP-mediated PDT affected dysadherin expression

at RNA level. Results were supported with the

western blot analysis showing the alterations also at

protein level (Figs. 17, 18).

Dysadherin positive cell populations have high cell

proliferation rates and show anti-apoptotic properties

(Park et al. 2011). Parallel to their findings, in this

study we observed that while dysadherin expression

Fig. 14 Immunofluorescence staining of F-actin (green) in

Caco-2 cells. The cells were untreated (A) or treated with HYP

0.04 lM (B), 0.08 lM (C) and 0.15 lM HYP (D), irradiated

with 4 J/cm2 and harvested 16 h after PDT. arrow head actin

aggregates, arrow actin stress fibers. (Color figure online)
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decreased, apoptosis increased in HT-29 and Caco-2

cells depending on the HYP concentration.

Hyperforin is another derivative of Hypericum

perforatum plant. It was shown that hyperforin inhibits

several enzymes which are also inhibited by HYP and

affect the activity of several ion channels (Šemelakova

et al. 2012). We suggest that HYP could affect Na–K

ATPase due to the decreased expression of dysadherin

which is one of the regulators of this pump.

Cancer cells can spontaneously migrate into the

tissue during invasion and metastasis, therefore it is

crucial to control cell migration for developing new

cancer treatment strategies. Actin cytoskeleton, and

most of its regulatory proteins are necessary for cell

migration (Coates et al. 1992). In epithelial cells, there

are strong cell–cell connections and the subcortical

actin skeleton is localized under the cell membrane.

The alterations in the amount of F-actin in any part

of the cell reflect the balance between actin polymer-

ization and F-actin depolymerization. Serial increases

and decreases in F-actin content can cause change in

distribution of F-actin from diffuse to focal (Coates

et al. 1992). During cell migration, actin cytoskeleton

is reorganized. The inhibition of this dynamic process

contributes to decrease in the cell motility which is a

very desirable outcome for cancer treatment (Yama-

zaki et al. 2005). In this study we demonstrated that

high HYP concentrations affected cytoplasmic stress

fibers in HT-29 and Caco-2 cells. It was reported that

in HT-29 cells, actin disrupting agents caused more

adherent cancer cells and alterations were observed in

metastasis in vivo (Korb et al. 2004). In a study

conducted with pancreatic cancer cells, alterations in

dysadherin expression affected cell morphology, actin

Fig. 15 Immunofluorescence staining of F-actin (green) in

Caco-2 cells. The cells were untreated (A) or treated with HYP

0.04 lM (B), 0.08 lM (C) and 0.15 lM HYP (D), irradiated

with 4 J/cm2 and harvested 24 h after PDT. arrow head actin

aggregates, arrow actin stress fibers. (Color figure online)
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organisation, cell motility, focal adhesion in vitro and

metastatic potential in vivo (Nam et al. 2007).

Accordingly, in this study decline in dysadherin

expression was parallel to decline in actin stress

fibers, especially in the 0.08 and 0.15 lM HYP

treatment groups. Blank et al. (2003) showed that

HYP target heat shock protein 90 (HSP90) in tumor

cells. HSP90 interacts with F-actin and stabilizes actin

Fig. 16 A RT-PCR products of dysadherin and cyclophilin A

isolated from HT-29 and Caco-2 cell lines. The 201 bp band for

dysadherin and 406 bp band for cyclophilin A (positive control)

were identified after seperation of products in 2 % agarose gel

and stained wirth EtBr. B Relative dysadherin expression

(dysadherin/cyclophilin A) according to measured intensities of

bands. a Statistically significant from control group

(P B 0.001), b statistically significant from 0.04 lM hypericin

group, c statistically significant from 0.08 lM hypericin group

(P B 0.05)

Fig. 17 Dysadherin

expression was analysed by

western blotting and

densitometry in HT-29 cells

16 h and 24 h after PDT

Cytotechnology (2015) 67:311–330 327

123



skeleton (Chaturvedi and Sreedhar 2010). Considering

this, in our study, reorganisation of actin cytoskeleton

after HYP-mediated PDT, could be related to the

effect of HYP on HSP90 expression.

The reorganisation of microfilament network, espe-

cially the actin depolymerization has a significant role

in the formation of apoptotic bodies in the early stages

of apoptosis (Grzanka et al. 2003). In this study,

increased apoptotic body formation was in parallel

with decreased actin stress fibers and increased actin

aggregate formation in the 0.08 and 0.15 lM HYP

groups. In WiDr adenocarcinoma cells, aminolevuli-

nic acid (ALA)-mediated PDT induced stress fibers.

As a result of photoinhibition of cell detachment, the

cell-substratum contacts strengthened and were gov-

erned by cellular signal transduction systems (Di

Venosa et al. 2012). Similar to our results, after ALA-

mediated PDT in HB4a cells, it was reported that

F-actin disorganisation and damage were observed

after ALA-mediated PDT in HB4a cells similar to our

results.

Conclusion

This study shows that PDT results vary substantially

with the cell type. After HYP-mediated PDT, HT-29

and Caco-2 colon adenocarcinoma cell lines

responded distinctively. Additionally, it was shown

that the type and the timing of cell death may alter.

0.08 lM HYP concentration induced the highest

apoptosis and presented good PDT results after 24 h

incubation for HT-29 cells and 16 h incubation for

Caco-2 cells. We have demonstrated for the first time

that there is an association between HYP-mediated

PDT and decreased expression of dysadherin and

reorganized F-actin in colon cancer cells.

Acknowledgments This research was supported by Hacettepe

University Scientific Research Projects Coordination Unit (09

01 601 011) and it is a part of phD thesis of Aysun Kılıç Süloğlu.
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ulová A, Kozubı́k A, Hofmanová J, Fedoroèko P (2007)
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