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Summary

Purpose: The purpose of this study was to determine the
effects of hypericin on MCF-7 (Michigan Cancer Foun-
dation-7) breast cancer cells, as it is known to exert an
antitumor effect on the expression and regulation of AD-
AMTS]I, 3, 10 and the p53 gene in breast cancer cells.
Methods: MFC-7 cells were cultured and subjected sepa-
rately to various doses (1, 5 and 7.5 ug /mL) hypericin. Af-
ter 24 hrs, RNA was isolated and transcribed into cDNA.
Expression analysis was performed by real time (RT)-PCR
and cell survival was determined by the XTT assay.
Results: While the expression of ADAMTSI in MFC-7
cells decreased to 0.04-fold after exposure to 1 ug /mL hy-
pericin, the expression increased by 5.6- and 36-fold with

Introduction

Breast cancer is the most common and lead-
ing cause of cancer mortality in females [1]. Met-
alloproteases belonging to the a disintegrin-like
and metalloprotease with thrombospondin type I
motif (ADAMTS) family have been widely impli-
cated in tissue remodeling events manifested in
breast cancer development, growth and progres-
sion [2].

ADAMTSI is a member of the ADAMTS fam-
ily of metalloproteases. This secreted protease
participates in several biological processes, such
as inflammation and angiogenesis, besides the
suggested roles for ADAMTSI in tumor invasion
and metastasis [3]. Studies have suggested that it

5 and 7.5 ug/mL, respectively. Furthermore, ADAMTS3
expression in MCF7 cells increased 3.9-fold with the use of
5 ug /mL of hypericin. These concentrations of hypericin
did not lead to significant changes in the expression of
ADAMTSI0 and the p53 gene. Viability of cancer cells as
evaluated by the XTT assay showed that hypericin concen-
tration of 7.5 ug/mL led to increased apoptosis of cancer
cells.

Conclusion: The increase in ADAMTSI expression may
prevent metastasis or facilitate the development of an ad-
Jjuvant factor with tumor-suppressive effects. Hypericin
may therefore exert its antitumor and apoptotic effects in
MFC-7 cells via ADAMTS1 and ADAMTSS3.
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initially inhibits angiogenesis in cancer, therefore
acting as an anticancer agent by blocking vascular
epithelial growth factor (VEGF) [3,4]. The expres-
sion of ADAMTS]I, which has both antiangiogenic
and aggrecanase activities, is decreased in breast
cancer [3-5].

ADAMTS3 and 10 are also members of the
ADAMTS family, whose expression is reduced in
breast cancer tissues [5]. ADAMTS?3 exhibits col-
lagen N-proteinase properties and degrades the
propeptides at the N-extremity of procollagen,
transforming it into collagen [6]. A recent study
reported that ADAMTS10 may play a role in mi-
crofibril biogenesis [7]. The roles of ADAMTS3
and ADAMTSIO0 in human breast cancer are not
fully understood and, therefore, require further
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investigation.

p53 has important effects on breast cancer de-
velopment due to its role as a tumor suppressor
[8]. p53 expression varied according to different
histological types of breast cancer [9]. Current
breast cancer therapies have considerable side ef-
fects. As some tumor cells can acquire resistance
to chemotherapeutics, there is a continuing need
to develop better targeted anticancer treatments
[10].

One approach is to determine the anticancer
effects of medicinal plant extracts. Hypericum per-
foratum has been demonstrated to exert effects on
cancer cell motility, invasion, proliferation, and
apoptosis [11].

However, information regarding the mecha-
nisms underlying these effects is lacking. In this
study, our objective was to determine whether
hypericin extracted from Hypericum perforatum
exerts antitumor activity by regulating the ex-
pression of ADAMTS]I, 3, 10 and the p53 gene in
MCF-7 cells. Our results will determine whether
hypericin can act as an alternative treatment or
adjuvant agent for the treatment of breast cancer.

Methods

Chemicals and reagents

Hypericin powder (Sigma, St Louis, MO, USA) (1
mg) was dissolved in 2-mL DMSO (dimethyl-sulphox-
ide), and made up to 10 mL with distilled non-ionized
water. The solution was stored in an opaque glass bot-
tle at - 20 °C. All other chemicals used were obtained
from either Sigma or Thermo Scientific (Waltham, MA,
USA).

Cell culture

ER-positive breast cancer MCF-7 cells were ob-
tained from the American Type Culture Collection
(ATCC). The cell line was cultured in Dulbecco’s mod-
ified Eagle’s medium (DMEM) containing 10% fetal
bovine serum (FBS) and 1% penicillin/streptomycin, at
37°C in a humidified atmosphere of 5% CO,. The medi-
um was changed every 2 days. Sixth-passage cells were
used in all experiments.

Hypericin stimulation

All cells were initially incubated in 2 mL of me-
dium containing 10% FBS. After 72 hrs, the medium
was changed to serum-free DMEM, and the cells were
incubated for another 24 hrs. The cells were then ex-
posed to 1, 5 or 7.5 pg/mL hypericin in DMSO or phos-
phate-buffered saline containing 0.1% bovine serum al-
bumin as a control (N=6 each), according to a protocol
described previously [12].
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Table 1. The forward and reverse primers used in the
real-time PCR analyses of the ADAMTS], 3, 10, p53 and
B-Actin genes

ADAMTS1  Forward 5TGTGATCCGAGCAGAAGCTG3’
Reverse 5 TGTAGGCACTGCAAGGAGAC3’
ADAMTS3  Forward 5 ACTGCACCAAAACCTGTGGA 3’
Reverse 5'CCGACTCAGGCTTTTCACCA 3’
ADAMTS10 Forward 5 CTTCCTGCTGAACCTGACCC 3’
Reverse 5'GGTACTCTTCCTCGTCTGCC 3’
p53 gene Forward 5TGACTGTACCACCATCCACTA3
Reverse 5’AAACACGCACCTCAAAGC3
B-Actin gene Forward 5TTCCTGGGCATGGAGTCCT3’
Reverse 5’ AGGAGGAGCAATGATCTTGATC?

Total RNA isolation and cDNA construction

Total RNA was extracted using TRIzol (Ambion
Life Technologies/ Invitrogen, Carlsbad, CA, USA) ac-
cording to methods described previously [12]. One mi-
crogram of RNA was reverse-transcribed using Reverse
Transcriptase (Thermo Scientific) with oligo (dT) prim-
ers according to the manufacturer’s instructions (Table
1). Mouse -actin was amplified as a control for the PCR
reaction. Samples lacking reverse transcriptase were
amplified to control for the presence of genomic DNA
contamination.

RT- PCR

RT-PCR was performed on cDNA samples obtained
using the Revert Aid First Strand cDNA Synthesis Kit
(Thermo Scientific) as described previously [12]. The
PCR mixture consisted of forward and reverse primers
and cDNA of samples and SYBR Green PCR Master Mix,
which included DNA polymerase, SYBR Green I dye,
dNTPs, PCR buffer, in a total volume of 50 pul/mL. Am-
plification of B-Actin, a housekeeping gene, was used
to normalize the efficiency of cDNA synthesis and the
amount of RNA applied (Figure 1). The PCR was per-
formed with an initial denaturation at 95 °C for 5 min,
followed by amplification for 40 cycles for B-Actin and
ADAMTSI1O0, and 45 cycles for ADAMTS1, ADAMTS3
and p53, each cycle consisting of denaturation at 95°C
for 30 sec, annealing at 58°C for p-Actin and ADAMTS],
3 and 10, and at 60 °C for p53, polymerization elonga-
tion at 72°C for 1 min and a final polymerization elon-
gation at 72°C for 5 min.

XTT cell viability assay

MCEF-7 cells were cultured at 1x10* cells per well
in 96-well culture plates. The cells were exposed for 4,
6, 8 and 24 hrs to 0.2, 0.5, 1, 5, 7.5, 10 and 20 pg/mL
hypericin, respectively. Cells not exposed to hypericin
were used as controls, and the assay was repeated three
times per hypericin concentration.

The effects of hypericin on cell viability were
evaluated using a Cell Proliferation Kit II (XTT)
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Figure 1. The effects on ADAMTSI, 3, 10 / B-actin ratio and p53/B-actin ratio after hypericin induction of MCF-
7 cells. All means marked with *(p<0.05) are significantly different from the control values.
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Figure 2. The cytotoxic effects of hypericin as determined by XTT assay. Each point represents the mean + SEM
of three independent experiments, each of which consisted of three replicates per treatment group. All means
with *(p<0.05) and **(p<0.005) are significantly different from the control values.

(Roche, Penzberg, Germany). After culturing, XTT
solution (2,3-bis [2-methoxy-4-nitro-5-sulphophe-
nyl]-2H-tetrazolium-5-carboxyanilide salt) was add-
ed and cells were cultured for a further 4 hrs. Absorb-
ance at 490 nm was then measured using an ELx800
Absorbance Microplate Reader (BioTek, Winooski,
VT, USA). The absorbance values relative to the con-

trol were calculated, and the cytotoxicity was deter-
mined.

Statistics

Comparison of the data between groups was car-
ried out using the Student’s t-test. Statistical signifi-
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Figure 3. Morphological changes of MCF-7 cells treated with 2, 5 and 7.5 pg/mL hypericin for 24 hrs as viewed
under an inverted phase-contrast microscope (200 x). A: Control cells (without hypericin treatment). B: Cells
treated with 2 pg/mL hypericin for 24 hrs. The arrow shows the nuclei of apoptotic cells and reduced cell den-
sity. C: Cells treated with 5 pg/mL hypericin for 24 hrs. The arrow shows small cell clusters and reduced cell

density. Some cells became rounded and partially detached. D: Cells treated with 7.5 pg/mL hypericin for 24 hrs.
The arrows indicate apoptotic bodies and extremely dense chromatin, characteristic of apoptosis.

cance was set at p<0.05. For all calculations the SPSS
11 software was used.

Results

The expression levels of ADAMTS 1, 3 and 10
and p53 RNA were determined in MCF-7 breast
cancer cell lines. There was a significant differ-
ence (p=0.04) between the control cells and the
stimulated cells in terms of the ADAMTS1/B-Ac-
tin ratio. The effect of hypericin on the AD-
AMTS1/B-Actin ratio was more pronounced at 7.5
pg/mL, followed by 5 pg/mL. While expression of
ADAMTSI1 in MFC-7 cells decreased 0.04-fold af-
ter exposure to 1 pg/mL hypericin, the expression
increased by 5.6- and 36-fold at 5 pg/mL and 7.5
pg/mL respectively. Furthermore, ADAMTS3 ex-
pression in MCF7 cells increased 3.9-fold with the
use of 5 pg/mL of hypericin. These concentrations
of hypericin did not lead to significant changes in
the expression of ADAMTSI10 and the p53 gene
(Figure 1). XTT test showed that hypericin con-
centration of 7.5 pg/mL led to increased apoptosis
of cancer cells. The XTT results showed that hy-
pericin had cytotoxic effects when used at concen-
trations of 5 and 7.5 pg/mL with p-values of 0.04
and <0.005, respectively (Figure 2).
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Hypericin caused various morphological
changes in MCF-7 cells, depending on the concen-
tration administered (Figure 3).

Discussion

In this study, when MCF-7 cells were exposed
to hypericin for 24 hrs, ADAMTSI expression in-
creased significantly but this didn't apply for AD-
AMTS3 and 10, and p53. We have shown that use
of hypericin at =50 pg/mL leads to rapid death of
cancer cells.

Recent studies have shown the importance
of ADAMTSI1 activity in the development and
progression of breast cancer [2,3]. A study on the
expression profiles of the ADAMTS genes of hu-
man neoplastic and non-neoplastic breast tissue
showed that the expression of seven ADAMTS
genes (ADAMTS1,3,5,8,9,10 and 18) decreased in
carcinoma cases [5]. In head and neck, prostate,
non-small-cell lung carcinomas and hepatocel-
lular cancers, the ADAMTS]1 mRNA expression
levels were lower compared to healthy control
groups [13-15]. Despite the reduced ADAMTS1
expression at the beginning of carcinogenesis, it
increased during cancer progression and metasta-
sis. In rat models of breast cancer, the increase in
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ADAMTS expression led to tumor growth and a
reduction in longevity [2]. This suggests that the
increase in ADAMTS]1 expression, as seen in our
study, may lead to an increase in aggrecanase ac-
tivity in breast cancer cells exposed to hypericin,
making the environment more favorable for can-
cer cell proliferation, migration and progression.
However, ADAMTS1 plays an active role in
the inhibition of angiogenesis [1-3]. Angiogene-
sis is known to play a critical role in cancer tissue
invasion and metastasis [2]. The increase in AD-
AMTSI1 expression seen in our study may repress
tumor tissue vascularization via an antiangiogen-
ic effect. Thus, by altering the nutrition available
to breast cancer tissues, it may act as an apop-
tosis-facilitating factor. In another recent study,
the increase in ADAMTSI1 expression in normal
cells prevented cell migration and invasion by
repressing VEGF. However, in the same study, an
increase in ADAMTS]1 expression in tumor cells
inhibited VEGF repression and thus facilitated
metastasis [3]. According to these results, the de-
velopment of breast cancer may vary according to
whether the aggrecanase or antiangiogenic effect
of ADAMTSI1 expression dominant. The decrease
in ADAMTS expression in primary cancers repre-
sents a pro tumorigenic effect [3]. For this reason,
assays of gene expression representative of nor-
mal breast tissue, rather than for overexpression,
may present a tumor suppressor effect. ADAMTS3
plays a crucial role during the wound healing
process [6]. Therefore, the increase in ADAMTS3
expression seen in our study may act as an ap-
optosis-facilitating factor. The effects of hypericin
on cell viability were evaluated using the XTT
method. The XTT method is simple, accurate, and
yields reproducible results for assessing cell via-
bility. The use of XTT in colorimetric proliferation
assays offers significant advantages over 3-[4,5-di-
methylthiazol-2-yl]-2,5-diphenyl tetrazolium bro-
mide (MTT), resulting from reduced assay time
and sample handling while offering equivalent
sensitivity [16]. The cells were exposed to 0.2,
0.5, 1, 5,7.5, 10 and 20 pg/mL hypericin in DMSO
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