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Abstract

Background and Objective: Hypericum perforatum (HP) is known to have therapeutic effects in many types of cancer. Although the active
substances hypericin and hyperforin in the composition of HP have been shown to exert apoptotic effects in cancer cell lines, research
into the anticancer effects of the total extract of HP is meagre. The aim of this study was to investigate the proapoptotic effect of HP on
human colorectal adenocarcinoma cell line HT29. Materials and Methods: HT29 cells (5 X 10%cells cm~2) were exposed to 99.2% medium
and pharmacologically effective concentration of HP extract (0.8%) for 48 h. Cells were then washed in phosphate buffered saline PBS
and lysed in RIPA buffer for 15 min on ice followed by centrifugation at 15000 rpm for 20 min and supernatants were taken and pellets
were discarded. ELISA test was used to examine the expression and activity of cleaved caspase-3, Bax, Bcl-2, Wee1, GADD153, GRP78 and
AIF proteins in HT29 cells. Results: ELISA test results indicated that the activities of proapoptotic proteins Bax, cleaved-caspase 3, Wee1,
GRP78, GADD153 and AlF in human HT29 cell line were significantly increased in 48 h treatment with HP extract at 0.8% concentration.
On the other hand, the activity of Bcl-2 was observed to decrease significantly. Conclusion: The results implicated that the HP extract in
its original form effectively induces proapoptotic alterations in HT29 cells and a possible mutual signaling between the proapoptotic
WeeT, GRP78, GADD153, AlF, Bax and cleaved caspase-3 proteins can contribute to this effect.
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INTRODUCTION

In recent years, interest in plant-derived extracts and
molecules has increased in the treatment of various diseases.
In this context, Hypericum perforatum (HP) has been the
most frequently studied plant in the Hypericum genus. HP is
aflowering plant used as a natural remedy in the treatment of
different diseases for centuries'. HP extract contains hypericin,
hyperforin, pseudohypericin, flavonoids, naphtodianthrones,
phloroglucinols, procyanidins and essential oils that show
biological activity within the cell?3. HP extract is thought to act
on multiple targets within the cell at low concentrations and
has been reported to block metastasis as well as its
antidepressant, antibacterial and cytotoxic effects*>. The basis
of these effects have been thought to be due to the hypericin
component found in the extract which has an effect on
various key intracellular pathways®.

In OECD (Organisation for Economic Co-operation and
Development) countries, colorectal cancer is the third most
common cancer type after prostate and lung cancer in men
and the second most common cancer type in women after
breast cancer’®. Therefore, plant-based alternative treatment
approaches with low or no side effects in the treatment of
colorectal cancer are of high importance.

Pre-treatment with HP was shown to exert antimutagenic
activity against chromosome breaking effects of
cyclophosphamide in wistar rat bone marrow cells, however,
HP treatmentalone did not lead to cytotoxicactivity in treated
healthy rats when compared to control group'®. It has been
reported that photoactivated-hypericin induced cell death in
CCL-220.7 cell line via caspase-3 activation and apoptosis''.
Hyperforin and hypericin, the individual constituents of HP,
have been shown to cooperatively induce toxicity in leukemia
cell lines K-562 and U-937 by a caspase-3 dependent
mechanism and total cytotoxicity of HP extract was
considered more important than the toxicity of single
compounds®. More recently, a study showed that both
hypericin and hyperforin rich HP extracts inhibited HT29 cell
growth and that the efficacy of the whole plant extracts in
inducing apoptosis was greater than the purified hypericin
and hyperforin™. In another study, it was reported that
hypericin did not inhibit cell division in mouse breast cancer
cell line as potent as the HP whole extract did and therefore
the study concluded that hypericin was not the only
compound with anti-cancer properties in HP'3, Similarly, in
previous studies carried out by different investigators, whole
plant extracts were shown to be more effective in inducing
cytotoxicity in cancer cells both /in vitro and in vivo'*®.
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Therefore, in this study, the effect of HP whole plant
extract on apoptotic modulator proteins was investigated. For
this purpose, proapoptotic (Bax, caspase-3, AlF), antiapoptotic
(Bcl-2), mitotic growth-arrest proteins (Wee 1, GADD153) as
well as the dual-function GRP78 protein levelsin HT29 cell line
treated with HP extract were assessed for the first time. A
directenzyme-linked immunosorbent assay (direct ELISA) was
used to determine the protein levels. The inducing effect of
individual bioactive compounds in HP on apoptotic proteins
have long been known in the literature. In this context, the
present study is the first to show the effects of a total extract
of HP on Bax, caspase-3, AlF, Bcl-2, Wee 1, GADD153 and
GRP78 proteins.

MATERIALS AND METHODS

This study was carried out in the department of
Pharmacology, Faculty of Medicine, Cukurova University
between the dates of 15-01-2018 to 30-07-2018.

Chemicals: McCoy's 5A Medium, RIPA buffer, fetal bovine
serum, PBS, NaCl, TritonX-100, EGTA, dithiothreitol, NaF,
Tris-HCl,Na;VO, were obtained from Sigma-Aldrich, Inc. All the
ELISA kit were purchased from Shanghai Sunred Biological
Technology Co., Ltd. In addition, the Bradford dye reagent
were purchased from Bio-Rad Laboratories, Inc.

Plant extraction: Hypericum perforatum (HP) L. was grown
in Pozant Province in Turkey and was harvested in August.
The aboveground parts (leaves, flowers and stem) were
dried and then mixed with 80% ethanol (v/v) and incubated
overnight with shaker. After this period, extract was
filtered using a filter cartridge and ethyl alcohol was
evaporated /n vacuo at 70°C with minor modifications as
described previously'.

Cell culture: Human HT29 cell line was obtained from
American Type Culture Collection (ATCC). Basal cancer cells
were grown on modified McCoy's 5A Medium (10% fetal
bovine serum). The cells were incubated in a humidified
atmosphere at 37°Cin 5% CO,".

Cell homogenization: The pharmacologically effective
concentration of HP (0.8%) was selected according to the
study of Ferguson et al'. Cells (5X10* cells cm™2) were
exposed to 99.2% medium and 0.8% HP extract for 48 h.
Cells were then washed in PBS and lysed in RIPA buffer
(150 mmol L= NaCl, 0.5% TritonX-100, 20 mmol L~" EGTA,
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1 mmol L= dithiothreitol, 25 mmol L=' NaF, 50 mmol L™
Tris-HCl [pH 7.4], T mmol L=' Na;VO,) for 15 min on ice
followed by centrifugation at 15000 rpm for 20 min and
supernatants were taken and pellets were discarded.

Total protein quantification: Bradford method was used to
quantify the total protein in homogenized cells'®. Using bovine
serum albumin (1 pg mL™"), 1,2, 3,5, 7,8, 10 (ug mL™") of
standards were established. The 10 pL was taken from each
sample and completed to 100 pL by adding distilled water.
Lastly, after adding 1 mL Bradford solution to standards and
samples, eppendorf tubes were vortexed and the absorbance
at 595 nm were measured manually. Protein quantification
(Mg pL™") was performed according to the standard curve
drawn in Prism software.

ELISA (enzyme linked immunosorbent assay) test: Direct
ELISA test was used to examine the expression and activity of
cleaved caspase-3, Bax, Bcl-2, Wee 1, GADD153, GRP78 and
AlIF proteins.

Statistical analysis: Parameters of control and HP-treated
groups were compared by unpaired Student's t-test. Data is
showed as mean =SEM. Difference at p<0.05 was considered
as significant.

RESULTS

In this study, HT29 cells were exposed to a total extract of
Hypericum perforatum (HP) at a concentration of 0.8%
(99.2% medium, 0.8% HP) for 48 h. The control group was
consisted of untreated HT29 cells.

HP treatment significantly rised the levels of the Bax
(Fig. 1a) and cleaved-caspase 3 (Fig. 1b) in HT29 cells when
compared with the control group (p<0.05).

On the other hand, HP treatment significantly reduced
levels of the antiapoptotic Bcl-2 (Fig. 1c) in HT29 cells when
compared with the control group (p<0.05).

In HT29 cells treated with HP, the levels of AIF
(@ proapoptotic protein), levels of Weel and GADD153
(proapoptotic mitotic growth-arrest proteins) as well as the
levels of GRP78 protein that serves as an apoptotic marker on
the surface of cancer cells were also investigated. Table 1
demonstrates the results of HP treatments on the levels of
Weel, AIF, GADD153 and GRP78 proteins in human HT29 cell
line. Treatment with HP resulted in statistically significantly
increased levels of AIF, Weel, GADD153 and GRP78 in HT29
cells when compared to control (p<0.05) (Table 1).
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Fig. 1(a-c): Effect of extract treatment on (a)Bax
expression, (b) Caspase-3 activity and (c) Bcl-2
expression

Data are presented as Mean=®SEM, differences between
parameters of control and extract treated group were analyzed
unpaired Student's t test, *Difference between control and extract
treated group is significant with p<0.05

Table 1: Effects of HP on expression of mitotic division inhibitors (Wee1

and GADD153), proapoptotic AIF and dual function GRP78
proteins
Proteins Control (pg mL™") Extract (pg mL™")
Wee 1 0.15%+0.02 1.10£0.022*
AIF 0.68+0.015 1.10£0.09*
GADD153 0.18%£0.023 1.681+0.25*
GRP78 0.43%0.02 1.324+0.18*

Results are presented as Mean=SE, statistical analysis: Student t-test, *Control
p<0.05
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DISCUSSION

In this study, Hypericum perforatum (HP) extract
significantly increased the concentration of proapoptotic
proteins (Bax, Caspase 3 and AIF), mitotic-growth arrest
proteins (Wee 1 and GADD153) and dual function protein
GRP78 while significantly reducing the amount of Bcl-2, an
antiapoptotic protein in human colorectal adenocarcinoma
cellline HT29.In addition, current study demonstrated that HP
total extractis as effective asindividual bioactive components,
hypericin and hyperforin, to induce apoptosis. Therefore,
findings of present study confirmed that HP total extract may
be an alternative approach in cancer treatment compared to
conventional chemotherapy.

In this study, the amount of all the proteins that were
tested for their expression (except Bcl-2, an antiapoptotic
protein) increased at least 2-fold compared to the control
(Fig. 1a, b and Table 1). A 2-fold increase compared to the
controlis astatistically significantincrease and therefore these
results showed that HP exerts a strong apoptotic modulatory
effect in HT29 cells.

Bax protein is a member of the Bcl-2 family and shows a
structural peculiarity that promotes apoptosis'®. The ratio of
Bax to Bcl-2 determines the sensitivity of a cell to
apoptosis'2°. On the other hand, cleaved caspase-3 is known
toactdownstream of Bax/Bcl-2 controland plays animportant
role in the execution of apoptosis?’. In the present study,
treatment of HT29  cells with HP extract significantly
increased the levels of Bax and cleaved caspase-3 levels,
whereas it significantly reduced the levels of Bcl-2. Similarly to
the results obtained in this study, Cinci et a/2 reported that HT
extract significantly increased the caspase-3 activity in HT29
cells compared to control. Furthermore, Merhi et a/?? reported
that hypericin (photoactivated hypericin),a component of HP
extract, increased the Bax and caspase-3/7 activity in HT29
adenocarcinoma cells in 1, 3, 6 and 24 h treatment.
Hyperforin, another constituent of HP, was shown to increase
apoptosis by activation of caspase-3 and inhibition of Bcl-2
protein expression in human myeloid cancer cells. Moreover,
it has been shown that proliferation of CRL2539 cells (mouse
breast cancer cell line) was inhibited in a dose-dependent
manner by application of HP extract's.

One of the other proteins involved in the apoptotic
pathway independent of caspases is the apoptosis inducing
factor, AIF. To the best of our knowledge, the present study is
the first to show the increase in the expression of AlIF protein
in HT29 cells after HP treatment. It is interesting to note that
although photo activated hypericin has been shown to
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increase AlF expression in HT29 cells?, this study showed that
the same effect was also produced using the whole extract of
HP. Therefore, it was considered that HP extract has the same
capacity in the effective stimulation of apoptosis in cancer
cells.Inaddition, since AIF plays a role in apoptosis stimulation
by caspase-independent pathways, it can be said that HP may
induce cell death through different pathways independent of
caspases. In support to this hypothesis, it has been reported
that hypericin-mediated photodynamic therapy triggers
autophagy by oxidative damage to Ca?*-ATPase (SERCA)
pumps of sarco (endo) plasmic reticulum in Hela cells?*.
Therefore, since hypericin isa component of HP, it can be said
that the same pathway of death can be triggered by HP, the
compound tested in this study.

Although the cytotoxic effect of HP on healthy cells was
not investigated in this study, it has been shown that HP had
no significant cytotoxic effect on healthy eukaryotic cells
(Allium cepa meristematic cells) and its effect on cell division
is reversible'™. In the present study, on the other hand, HP
extracts were found to significantly increase the expression of
Wee1 and GADD153 proteins, inhibitors of mitotic division, in
HT29 cell line at a concentration of 0.8% in 48 h treatment.
There have been no research in the literature on the effects of
HP extract on Wee1and GADD153 gene expression. However,
the results obtained in the current study demonstrate for the
first time that the increase in Weel and GADD153 protein
expression leads to genome-wide blockage of mitosis and
apoptotic signals may be produced by the genome. Therefore,
inhibition of mitotic division by HP in cancer cells indicates
that this plant may be beneficial in the treatment of cancer.

In this study, the HP extract significantly increased the
concentration of GRP78 protein in HT29 cells. The GRP78,
which belongs to heat shock protein 70 family, is a chaperone
that functions in the folding, maturation and transport of
polypeptidesand proteinsinthe endoplasmic reticulum®.The
elevated GRP78 protein level on the tumor cell surface has
been shown to be associated with decreased tumorigenesis,
tumor growth and increased apoptosis?. Although GRP78
does not play a direct role in apoptosis, it plays a role as a flag
in the orientation of cancer cells to apoptosis and cancer
cells can be successfully killed with ligands (cytotoxic agents)
that exhibit?” high affinity to GRP78. In addition, a breast
cancer study showed a significant correlation between the
over-expression of GADD153 and increased cell surface?
GRP78. Thus, the results obtained from the present study
indicate an increased possibility of a mutual signal trafficking
between Weel, GADD153, AIF and GRP78 in the apoptosis
signaling pathway.
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CONCLUSION

In this study, it has been found that the HP extract
significantly increased proapoptotic protein expression in
HT29 cancer cell line, while significantly reducing
antiapoptotic protein (Bcl-2) expression. Although the current
study is an initial attempt to demonstrate the effect of HP on
the expression of these proteins, it clearly demonstrated the
apoptosis-inducing effect of HP on human HT29 cells and
suggested that HP may be a promising plant in cancer
treatment.However, in the literature, there are no mechanistic
research on HP's molecular-level interaction with apoptotic
proteins. Therefore, it has been envisioned that future studies
onthe anti-cancer effect of HP should focus on the elucidation
of binding modes with receptor proteins.
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SIGNIFICANCE STATEMENT

This study discovered the apoptosis-inducing effect of the
total extract of Hypericum perforatum in human colorectal
adenocarcinoma cancer cell line HT29 and also showed that
Hypericum perforatumhas a positive effect on the expression
of previously unexamined apoptotic modulatory proteins
Wee1, GADD153, AIF and GRP78. This study will help the
researchers to uncover the importance of alternative
plant-based remedy based on Hypericum perforatumin
the treatment of human colorectal cancer that many
researchers were not able to explore. Thus, a new theory
that the total extract of Hypericum perforatum alone is
effective and sufficient in the fight against human
colorectal cancer versus conventional chemotherapy may
be arrived at.

REFERENCES

1. Birt, D.F., M.P. Widrlechner, K.D. Hammer, M.L. Hillwig and
J. Wei et al, 2009. Hypericum in infection: Identification of
anti-viral and anti-inflammatory constituents. Pharmaceut.
Biol., 47:774-782.

2. (Cinci, L, L. di Cesare Mannelli, A. Maidecchi, L. Mattoli and
C. Ghelardini, 2017. Effects of Hypericum perforatum extract
on oxaliplatin-induced neurotoxicity: /n vitro evaluations.
Z. Naturforsch. C, 72: 219-226.

124

3.

Hostanska, K., J. Reichling, S. Bommer, M. Weber and R. Saller,
2003. Hyperforin a constituent of St John's wort (Hypericum
perforatum L.) extract induces apoptosis by triggering
activation of caspases and with hypericin synergistically
exerts cytotoxicity towards human malignant cell lines. Eur.
J. Pharmaceut. Biopharmaceut., 56: 121-132.

Kleemann, B., B. Loos, T.J. Scriba, D. Lang and L.M. Davids,
2014. St John's Wort (Hypericum perforatum L.)
photomedicine: Hypericin-photodynamic therapy induces
metastatic melanoma cell death. PLoS ONE, Vol. 9.
10.1371/journal.pone.0103762.

Mirmalek, S.A., M.A. Azizi, E. Jangholi, S. Yadollah-Damavandi
and M.A. Javidi et a/, 2015. Cytotoxic and apoptogenic effect
of hypericin, the bioactive component of Hypericum
perforatum on the MCF-7 human breast cancer cell line.
Cancer Cell Int.,, Vol. 16. 10.1186/512935-016-0279-4.
Barliya, T., M. Mandel, T. Livnat, D. Weinberger and G. Lavie,
2011. Degradation of HIF-1alpha under hypoxia combined
with induction of Hsp90 polyubiquitination in cancer cells by
hypericin: A unique cancer therapy. PLoS ONE, Vol. 6.
10.1371/journal.pone.0022849.

Haggar, F.A. and R.P. Boushey, 2009. Colorectal cancer
epidemiology: Incidence, mortality, survival and risk factors.
Clin. Colon Rectal Surg., 22: 191-197.

Engholm, G., AM.T. Kejs, D.H. Brewster, M. Gaard and
L. Holmberg et a/, 2007. Colorectal cancer survival in the
Nordic countries and the United Kingdom: Excess mortality
risk analysis of 5 year relative period survival in the period
1999 to 2000. Int. J. Cancer, 121: 1115-1122.

Alexander, D.D., J. Waterbor, T. Hughes, E. Funkhouser,
W. Grizzle and U. Manne, 2007. African-American and
Caucasian disparities in colorectal cancer mortality and
survival by data source: An epidemiologic review. Cancer
Biomarkers, 3:301-313.

Peron, AP, R.G. Mariucci, I.V. de Almeida, E. Dusman,
M.S. Mantovani and V.E.P. Vicentini, 2013. Evaluation of the
cytotoxicity, mutagenicity and antimutagenicity of a natural
antidepressant, Hypericum perforatumL. (St. John'swort),on
vegetal and animal test systems. BMC Complement. Altern.
Med., Vol. 13.10.1186/1472-6882-13-97

. Ali,S.M., M. Olivo, G.Y.Yuen and S.K. Chee, 2001. Induction of

apoptosis by Hypericin through activation of caspase-3 in
human carcinoma cells. Int. J. Mol. Med., 8: 521-530.

Jain, S.S., SJ. Murch, RP. Bird and P.K. Saxena, 2010.
Optimized St. John's wort (Hypericum perforatum L)
germplasm lines exert cytotoxicity in HT-29 colon cancer cells
via downregulation of NF-kp. J. Complement. Integr. Med.,
Vol.7,No. 1.10.2202/1553-3840.1283.

Ferguson, A., C. Morris and J. Curley, 2011. Hypericum
perforatum extracts and hypericin treatment of a mouse
mammary cancer celllineinduces growth inhibitionina dose
dependent manner. J. Exp. Sec. Sci., 3: 14-18.



14.

15.

16.

17.

18.

19.

20.

21.

Int J. Pharmacol, 16 (2): 120-125, 2020

Martarelli, D., B. Martarelli, D. Pediconi, M.l. Nabissi, M. Perfumi
and P. Pompei, 2004. Hypericum perforatum methanolic
extractinhibits growth of human prostatic carcinomacell line
orthotopically implanted in nude mice. Cancer Lett,
210:27-33.

Roscetti, G., O. Franzese, A. Comandini and E. Bonmassar,
2004. Cytotoxic activity of Hypericum perforatumL. on K562
erythroleukemic cells: Differential effects between
methanolic extract and hypericin. Phytother. Res., 18: 66-72.
Orhan, LE. and M. Kartal, 2015. LC-DAD-MS-assisted
quantification of marker compounds in Hypericum
perforatum L. (St. John's wort) and its antioxidant activity.
Turk. J. Pharmaceut. Sci., 12: 279-286.

Choi, P.M., KM. Tchou-Wong and I.B. Weinstein, 1990.
Overexpression of protein kinase Cin HT29 colon cancer cells
causes growth inhibition and tumor suppression. Mol. Cell.
Biol., 10: 4650-4657.

Bradford, M.M., 1976. A rapid and sensitive method for
the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Anal. Biochem.,
72:248-254.

Yang, Y., J.He, S.Jinand L.Chen, 2018. Bax/bcl-2 and caspase
3 pathway-mediated apoptosis induced by gentiopicroside
inhuman colorectal cancer cells. J.Clin.Oncol., Vol.36,No. 15.
10.1200/JC0O.2018.36.15_suppl.e15665.

Huang, F., Z. Yang, D. Yu, J. Wang, R. Li and G. Ding, 2012.
Sepia ink oligopeptide induces apoptosis in prostate cancer
cell lines via caspase-3 activation and elevation of Bax/Bcl-2
ratio. Mar. Drugs, 10: 2153-2165.

Rudel, T., 1999. Caspase inhibitors in prevention of apoptosis.
Herz, 24:236-241.

125

22.

23.

24.

25.

26.

27.

28.

Merhi, F.,R.Tang, M. Piedfer, J. Mathieu and |. Bombarda et a/,
2011. Hyperforin inhibits Akt1 kinase activity and promotes
caspase-mediated apoptosis involving Bad and Noxa
activation in human myeloid tumor cells. PLoS ONE, Vol. 6.
10.1371/journal.pone.0025963.

Sackova, V., L. Kulikova, M.Kello, . Uhrinova and P. Fedorocko,
2011. Enhanced antiproliferative and apoptotic response of
HT-29 adenocarcinoma cells to combination of
photoactivated hypericin and farnesyltransferase inhibitor
manumycin A. Int. J. Mol. Sci., 12: 8388-8405.

Buytaert, E., G. Callewaert, N. Hendrickx, L. Scorrano and
D. Hartmann et a/, 2006. Role of endoplasmic reticulum
depletion and multidomain proapoptotic BAX and BAK
proteins in shaping cell death after hypericin-mediated
photodynamic therapy. FASEB J., 20: 756-758.

Hardy, B. and A. Raiter, 2015. GRP78 expression beyond
cellular stress: A biomarker for tumor manipulation. World J.
Immunol., 5: 78-85.

Raiter, A, R. Yerushalmi and B. Hardy, 2014.
Pharmacological induction of cell surface GRP78 contributes
toapoptosisin triple negative breast cancer cells. Oncotarget,
5:11452-11463.

Miao, Y.R, B.L. Eckhardt, Y. Cao, R. Pasqualini and
P. Argani et al/, 2013. Inhibition of established
micrometastases by targeted drug delivery via cell surface-
associated GRP78. Clin. Cancer Res., 19:2107-2116.

Zheng, Y.Z, Z.G. Cao, X. Hu and ZM. Shao, 2014. The
endoplasmic reticulum stress markers GRP78 and CHOP
predict disease-free survival and responsiveness to
chemotherapy in breast cancer. Breast Cancer Res. Treat.,
145:349-358.



	IJP.pdf
	Page 1




