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Summary

The aim of the present study was to investigate the efficacy of osthole (7-metoxy-8-isopenthe-
nocoumarin) alone and combined with tamoxifen (TAM) in the elimination of human cervical
cancer cells via programmed death. The involvement of heat shock proteins, i.e. well-known
molecular chaperones, will be investigated.

Three human cervical cancer cell lines, infected with human papilloma virus (HPV), i.e. HeLa
(HPV 18), SiHa (HPV 16), and CaSki (HPV 16 and 18), were used in the experiments. After osthole
and TAM treatment, cells stained with fluorochromes were analyzed microscopically according to
apoptotic, autophagic, and necrotic morphology. Hsp27, Hsp72, and Hsp90 levels were analyzed
by immunoblotting. Transfection with specific siRNA was used for blocking of Hsp expression.

In the HeLa, CaSki, and SiHa cell lines, osthole and TAM applied alone had no significant effect
on cell death induction. This was correlated with an overexpression of heat shock proteins 27, 72,
and 90. In the case of a combination of both drugs, the level of apoptosis was elevated only in SiHa
cells. Preincubation with osthole followed by TAM addition as well as simultaneous incubation
with both drugs was the most effective. This was correlated with the inhibition of Hsp27, Hsp72,
and Hsp90 expression. Blocking of Hsp expression with specific siRNA increased the sensitivity
of the studied cell lines to the induction of apoptosis, but not to autophagy or necrosis.

Our results indicated that the elimination of heat shock proteins from cervical cancer cells
sensitized them to initiation of apoptosis after osthole and tamoxifen treatment.

osthole - tamoxifen - apoptosis - heat shock proteins - cervical cancer
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INTRODUCTION

Over the years, numerous derivatives of coumarin have
been used as anticoagulant agents due to their resem-
blance to the structure of vitamin K. They have been
used as antimicrobial, antibacterial, antifungal, anti-
oxidant, antitumor, anti- HIV, anti-hypertension, anti-
inflammatory, anti-arrhythmia, and antiseptic agents.
They have been identified to exhibit anticancer activ-
ity [3, 10]. Therefore, they may be candidates as poten-
tial alternative medicine to conventional chemotherapy.

Cnidium monnieri L. (Apiaceae) is a traditional Chinese
medicinal plant commonly used for gynecological dis-
ease, ringworm, and nephritis. One of active monomers
found in Cnidi fruits is osthole (7-metoxy-8-isopenthe-
nocoumarin). It has been reported to have anti-viral,
anti-osteoporotic, anti-bacterial, anti-allergic, and
anti-inflammatory effects. In vitro experiments have
also revealed that osthol inhibits the proliferation and
migration of various cancer cells, e.g. leukemia (HL-60),
cervical cancers (HeLa), breast cancers (MCF7, MDA-
MB-231), non-small cell lung carcinoma (A549), hepato-
cellular carcinoma (HCC), larynx carcinoma (RK33), and
medulloblastoma (TE671) through the initiation of apop-
tosis or cell cycle arrest [9, 18]. The molecular mecha-
nism of osthole action is not well studied. It has been
shown that osthole induced G2/M cell cycle arrest and
apoptosis in lung carcinoma and ovarian cancer cells,
where it was associated with the inhibition of cyclin B1,
p-Cdc2, and p-Akt expression and up-regulation of the
Bax/Bcl-2 ratios. Osthole can also down-regulate fatty
acid synthase (FASN) expression and induce apoptosis
in HER-2-overexpressing breast cancer cells through the
inhibition of the phosphorylation of Akt and mTOR. It
can effectively inhibit the matrix metalloproteinase-2
(MMP-2) promoter and enzyme activity, which in con-
sequence may lead to the inhibition of migration and
invasion of breast cancer cells [10, 17, 18]. In medullo-
blastoma cells, osthole arrested the cell cycle in the G1/S
phase and decreased cell cycle progression by increasing
the expression of TP53 and CDKN1A genes [9].

Unfortunately, little is known about the effect of osthole on
the expression of Hsps, i.e. well-known molecular chaper-
ones protecting cells against death. Such activity is desir-
able in normal cells but poses a serious problem in cancer

cells. Heat shock proteins block the anticancer potential of
chemotherapeutics by preventing cells to enter the death
pathway [5]. Therefore, the aim of the present study was to
investigate the effect of osthole on the expression of Hsp27,
Hsp72, and Hsp90, mostly involved in cancer cell protection
against apoptosis. Human cervical cancer lines infected by
different types of viruses were chosen as an experimental
model. The CaSki cell line is reported to contain an inte-
grated human papilloma virus type 16 genome (HPV 16) as
well as sequences related to HPV 18. SiHa was constructed
on the basis of HPV 16, while HeLa on the basis of HPV18
infection. It is known that single therapy is less effective
than combined therapy. Therefore, we decided to include
tamoxifen (TAM) in the experiments, which is a non-ste-
roidal drug exhibiting anti-estrogenic activity. It arrests
the cell cycle in the G0/G1 phase and induces apoptosis by
modulating the microenvironmental level or cellular pro-
duction of cytokines and growth factors [2, 15]. Therefore,
the aim of our study was to investigate the effect of tamox-
ifen on cervical carcinoma and its effectiveness after addi-
tional osthole treatment.

MATERIALS AND METHODS

Cells and culture conditions

A human carcinoma cell line (HeLa B, ECACC No
85060701; Ca Ski, ATCC No CRL-1550 and SiHa, ATCC No
HTB-35) cultured in RPMI 1640 medium (GIBCO BRL)
supplemented with 5% fetal bovine serum (FBS) (GIBCO
BRL) (v/v) and antibiotics (penicillin 100 U/ml, strep-
tomycin 100 ug/ml, amphotericin B 0.25 ug/ml) was
used. Cells seeded in Falcon vessels (immunoblotting)
or Labtec chamber slides (cell death analysis), both at
a density of 1 x 10° cells/ml, were incubated at 37°C in
humidified atmosphere with 5% CO,.

Osthole isolation

Osthole was obtained for the experiments after being
isolated from a petroleum extract of Cnidium monnieri
L. fruits, according to a method described previously [9].
Two-phase solvent systems made of n-heptane, ethyl
acetate, methanol, and water (HEMWat) with a volume
ratio 3:2:3:2 were chosen as the most proper for the puri-
fication of target compounds (K = 1.8 ). After injection
of 600 mg of a crude oil extract, 2 mg of the target com-
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pound were obtained. The identification of the isolated
compound was carried out by a comparison of retention
time and UV-DAD spectra with those obtained by stand-
ards under the same conditions. The purity of osthole
was 99% (established with the HPLC-DAD method).

Drug treatment

Osthole (50 pM, isolated from Cnidi fruits) and tamoxifen
(25 uM, Sigma) were dissolved in DMSO. Studied concen-
trations were chosen on the basis of preliminary exper-
iments estimated by the staining method described
below (section Detection of apoptosis, autophagy, and
necrosis; data not shown). Cancer cells were treated with
osthole or with tamoxifen separately or in combination
(at the same time) for 24h. As controls, HeLa, CaSki, and
SiHa cells were incubated only with 0.01% of DMSO. This
concentration of DMSO had no effect on cell viability.

Detection of apoptosis, autophagy, and necrosis

Apoptosis, autophagy, and necrosis were identified micro-
scopically, after earlier staining with fluorochromes
Hoechst 33342 (Sigma), acridine orange (Sigma), and pro-
pidium iodide (Sigma) respectively, as described previ-
ously [8]. A fluorescence microscope (Nikon E - 800) was
used for the morphological analysis of dead cells. At least
1.000 cells in randomly selected microscopic fields were
counted under the microscope. Each experiment was
repeated three times with each 1.000 cells.

Immunoblotting

Whole cell extracts were prepared according to a method
described previously [8]. Proteins were separated by 10%
SDS-PAGE and electroblotted onto an Immmobilon P mem-
brane (Sigma). After blocking with 3% low fat milk for 1h,
the membranes were incubated overnight with primary
mouse monoclonal antibodies: anti-Hsp27 (Santa Cruz Bio-
technology, sc-59562, dilution 1:500), anti-Hsp72 (Santa
Cruz Biotechnology, sc-32239, dilution 1:500), and anti-
Hsp90 (Santa Cruz Biotechnology, sc-51966, dilution 1:500).
After three washes with PBS enriched with 0.05% Triton
X-100 (Sigma), the membranes were incubated with sec-
ondary antibodies conjugated with alkaline phosphatase
(AP) for 2h. Proteins were detected with AP substrates:
5-bromo-4-chloro-3-indolylphosphate (BCIP) and nitro-
blue tetrazolium (NBT) (Sigma) in N,N-dimethylformamide
(DMF, Sigma). The quantitative analysis of protein bands
was performed using the Bio-Profil Bio-1D Windows Appli-
cation V.99.03 program. The value was expressed as relative
intensity of band thickness, width, and color depth. The
data was normalized relative to B-actin (data not shown).
Three independent experiments were performed.

HeLa, SiHa, and CaSki transfection with siRNA
The cells at a density of 2x10° were incubated for 24h at

37°C ina CO, incubator to reach 60-80% of confluence. After
washing with the RPMI 1640 medium without serum and

antibiotics, the medium was aspirated. The cells were over-
laid with transfection probes containing 2 ul of specific
anti-Hsp27, anti-Hsp72, or anti-Hsp90 small interfering
RNA (siRNA) (Santa Cruz Biotech) and 2 pl of Transfection
Reagent (Santa Cruz Biotech). After 5 hours of incubation
at 37°C in a CO, incubator, the medium was supplemented
with medium containing 20% of fetal bovine serum and
200 ug/ml of antibiotics. Incubation was performed for an
additional 18h. After changing the medium to fresh normal
growth one, cells transfected in this way were used in fur-
ther experiments.

Statistical analysis

A one-way Anova test followed by Dunnett’s multiple
comparison analysis was used for statistical evaluation.
P <0.05 of data presented as mean * standard deviation
(SD) was taken as the criterion of significance.

RESULTS

1. The effect of osthole and tamoxifen on induction of
apoptosis, autophagy, and necrosis in CaSki, SiHa, and
Hela cells

A staining method with dyes specific for apoptosis,
autophagy, and necrosis was used for detection of cell
death. Microscopic observations revealed that HeLa and
CaSki cells were not sensitive to osthole and tamoxifen
treatment and the percent of dead cells was not signifi-
cant (Figure 1a, b). Only HeLa cells preincubated with
osthole followed by TAM treatment was an exception,
but the number of apoptotic cells was still not satisfac-
tory (6%). SiHa cells were much more sensitive to apop-
tosis induction upon osthole and tamoxifen action in
comparison to HeLa and CaSki cells (Figure 1c, d). The
preincubation with osthole followed by TAM addition
was the most effective and initiated programmed cell
death in about 27% of the SiHa population. The simul-
taneous drug application induced apoptosis in 18% of
cells, while preincubation with tamoxifen in 9%. In both
these experimental variants, apoptosis was accompa-
nied by necrosis - about 9% in the variant with osthole
preincubation and 5% when both drugs were applied at
the same time.

Autophagy was not significant in all the cell lines in all
the experimental variants.

2. Hsp27, Hsp72, and Hsp90 expression upon osthole and
tamoxifen treatment

As revealed by the immunoblotting technique, the level of
Hsp27, Hsp72, and Hsp90 expression after the osthole and
tamoxifen treatment was cell line specific. The results pre-
sented in Figure 2 suggest inhibition of Hsp27, Hsp72, and
Hsp90 expression in the SiHa cell line after the treatment
with the tested drugs, which was observed in all the experi-
mental variants (Figure 2¢). In the case of Hsp27 expression,
the inhibitory effect was the most intense after cell incuba-
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Fig. 1. Effect of osthole (0) and tamoxifen (T) on the level of apoptosis, necrosis, and autophagy in CaSki (a), HeLa (b), and SiHa (c, d) cell lines; C- control cells;
Q0T — pre-incubation with osthole followed by tamoxifen incubation; TO — pre-incubation with tamoxifen followed by osthole treatment; 0+T — simultaneous drug
application; * p <0.05;,d - apoptosis (pointed by arrows) in SiHa cells after osthole and tamoxifen treatment

tion with TAM alone and after TAM preincubation followed
by osthole treatment. The level of Hsp72 and Hsp90 was the
lowest after the treatment with both drugs in all the vari-
ants, while their expression after a separate drug applica-
tion was comparable to the control. In the CaSki and HeLa
cell lines, TAM and osthole did not have such strong inhibi-
tory potential on Hsp expression as that observed in the
SiHa cells (Figure 2a, b). In the CaSki cells, TAM and osthole
applied alone or in combination had no significant effect
on the level of Hsp27. In the case of Hsp72, the effect of
both drugs on the expression of the chaperone depended
on the sequence of application of the chemicals. Preincuba-
tion with TAM or osthole induced the expression of Hsp72,
while their simultaneous application inhibited the protein
level. The separate drug treatment had no effect on the
amount of this chaperone. The level of the Hsp90 expres-
sion seemed unchanged in comparison to the control in
most of the experimental variants. Only TAM incubation
with osthole (separately or in combination) elevated the
level of this protein.

In the case of HeLa cells, the effect of osthole and TAM
on Hsp expression was protein type specific. Both drugs
had no significant effect on Hsp27 expression (Figure 2b)
but elevated the level of Hsp72. On the other hand, inhi-
bition of Hsp90 expression was noticed after separate
and simultaneous application of the drugs.

3. The effect of blocking the Hsp expression on cervical
cell viability after TAM and osthole treatment

To obtain direct proof of the involvement of Hsp27, Hsp72,
and Hsp90 expression in the resistance of cervical cancer
cells to programmed cell death, we blocked the expression
of heat shock proteins with specific siRNA. Immunoblot-
ting analysis revealed that siRNA significantly limited the
expression of Hsp27, Hsp72, and Hsp90. The subsequent
osthole and tamoxifen treatment did not change the level
of expression of the chaperones (Figure 3). siRNA alone as
well as the transfection reagent had no significant effect
on the expression of the studied heat shock proteins.
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Fig. 2. Effect of osthole (0) and tamoxifen (T) on the level of expression of heat shock proteins Hsp27, Hsp72, and Hsp90 in CaSki (a), HeLa (b), and SiHa (c) cell
lines; C- control cells; OT — pre-incubation with osthole followed by tamoxifen incubation; TO — pre-incubation with tamoxifen followed by osthole treatment; 0+T

— simultaneous drug application; * p <0.05

It is known that the activity of Hsps is responsible for cell
survival. Therefore, we wanted to estimate the effect of
TAM and osthole on apoptosis, necrosis, and autophagy
appearance in cervical cells with blocked Hsp27, Hsp72, and
Hsp90 expression. In all the studied cell lines, inhibition
of the expression of Hsps was correlated with increased
induction of apoptosis (Figure 4). The highest percent of
cells that died via programmed death were observed in
SiHa cells after blocking Hsp27 expression and subsequent
TAM and osthole incubation. The Hsp inhibition had no
effect on the induction of necrosis or autophagy.

DISCUSSION

Cervical cancer is a malignant neoplasm arising from cells
originating in the cervix uteri. Globally, this is the second
most common cancer in women. The development of this
neoplasm is closely associated with several definable steps
in which normal cell infection with human papilloma virus
(HPV) plays a key role. Approximately 150 types of HPV

have been discovered so far, of which HPV 16 and HPV 18
are the most carcinogenic, since they account for more
than 50% of all cervical cancers [6]. The oncogenic poten-
tial of high risk HPVs is mediated by two viral oncopro-
teins, E6 and E7. They target tumor suppressor proteins,
such as p53 or pRB, to induce cell proliferation, inhibition
of apoptosis, and escape from the innate immune systems.
Inactivated oncoproteins were the basis for discovering a
vaccine strategy against HPV-induced cancer. Genetically
inactivated E7 or E6 proteins are not stable and to stabi-
lize them and minimize the risk of cell transformation
as well as to enhance the immune system they should be
associated with appropriate proteins, like heat shock pro-
teins Hsp90, GRP78, or Hsp70 [1, 19, 20]. Heat shock pro-
teins belong to molecular chaperones, which protect cells
against stress and death. They control proper folding and
stabilize the structure of newly synthesized proteins or
help to refold proteins that were denatured or aggregated.
In cancer cells, heat shock proteins are overexpressed and
their high level is a signal of poor prognosis for patients
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Fig. 3. Level of Hsp27, Hsp72 and Hsp90 expression in CaSki (a), HeLa (b), and SiHa (c) cells after transfection with specific anti-Hsp27 (si27), anti-Hsp72 (si72), or
anti-Hsp90 (si90) siRNA and subsequent osthole (0) and tamoxifen (T) treatment; C — control; TR — transfection reagent; TRsi — transfection reagent with specific
siRNA; OT- pre-incubation with osthole followed by tamoxifen incubation; TO- pre-incubation with tamoxifen followed by osthole treatment; 0+T — simultaneous
drug treatment; *p <0.05;
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Fig. 4. Effect of osthole (0) and tamoxifen (T) on apoptosis, necrosis, and autophagy induction in CaSki (a), HeLa (b), and SiHa (c) cells transfected with specific
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in terms of survival and response to therapy. An elevated
Hsp level in malignant cells plays a key role in protection
from spontaneous apoptosis associated with malignancy.
The role of Hsps in cervical cancer has not been suffi-
ciently studied and some aspects are still under considera-
tion. It was observed that Hsp27 in this type of cancer was
a marker of squamous metaplasia. Hsp70 was responsible
for increased cell proliferation and increased tumor size. In
the case of Hsp90, which plays a regulatory role by forming
complexes with other functional proteins, its level had no
effect on the prognosis [5].

In our experiments, three cervical cancer cell lines dif-
fering in the type of HPV infection were used. As cell
death inducers, a new combination of naturally occur-
ring coumarin osthole and tamoxifen, classified as a
Selective Estrogen Receptor Modulator (SERM), was
investigated. SiHa cells infected with HPV 16 appeared
to be the most sensitive to initiation of apoptosis, espe-
cially when both drugs were used in combination. The
other cell lines, HeLa and CaSki, were not sensitive to
programmed cell death induction upon osthole and
tamoxifen incubation, irrespective of the separate
or combined drug treatment. Thus, our experiments
revealed that the separate action of the furanocoumarin
or TAM was not satisfactorily effective in programmed
cell death initiation in the cervical cancer cells. The
results for osthole were in contrast to observations made
in medulloblastoma and ovarian or laryngeal cancer
cells, where pro-apoptotic properties of the furanocou-
marin were noted [9, 10]. At the molecular level, death
was mediated via a mitochondrial (internal) pathway
with the activation of caspase 3 and caspase 9. The drug
also increased the expression of pro-apoptotic Bax and
diminished that of anti-apoptotic Bcl-2 [9, 10]. Tamox-
ifen, reported to exert anti-proliferative effects toward
breast cancer cells [14, 16], failed to eliminate the cervi-
cal cancer cells via programmed death. Our observations
are in agreement with the study performed by Khar et
al. [11], who found no inhibitory action of TAM on HeLa
cell proliferation in the presence of fetal calf serum in
culture medium. Other authors observed an inhibitory
effect of the drug at the concentration 5 uM on HeLa cell
growth, but after a longer (even 6 days) incubation time.
Interestingly, this concentration applied for 6 days was
cytotoxic to CaSki cells [7]. Concentration dependence
in TAM action on HelLa cells was noticed by Majmudar,
who observed multiplication of the inhibitory effect on
HeLa growth after incubation with a lower drug concen-
tration (up to 5 uM) and toxicity after treatment with
higher concentrations [13].

REFERENCES

Such differences in the cell sensitivity to the osthole and
TAM treatment may be explained by the level of expres-
sion of heat shock proteins. After separate osthole and
tamoxifen incubation, the level of Hsp90 and Hsp72 in the
SiHa cells was comparable to the control untreated cells.
Only the expression of Hsp27 was an exception; a signifi-
cantly lower level of the protein was noticed, but it seemed
to be insufficient to direct the cells into the death path-
way. The action of both drugs was correlated with a dimin-
ished Hsp27, Hsp72, and Hsp90 level. The Hela and CaSki
cell lines were characterized by an unchanged or elevated
level of expression of heat shock proteins in comparison
to the control. In the CaSki cells, inhibition of Hsp72 was
only noticed after the simultaneous drug treatment, but
it did not elevate the level of apoptosis. Since the results
suggested a correlation between the increased sensitiv-
ity of cancer cells to cell death, the expression of Hsps was
blocked with specific siRNA in the next step of the experi-
ments. The level of apoptosis after the additional osthole
and/or tamoxifen treatment increased significantly in
comparison to that of the non-transfected cells. The SiHa
cells were the most sensitive to apoptosis induction. Simi-
lar observations were made in the non-transfected cell line,
which may suggest that the inhibition of Hsps is most effec-
tive in cell death induction in cervical cancer cells infected
with HPV 16. In the other cell lines with the integrated HPV
18 genome, the increase in the number of apoptotic cells
was also significant, but to a smaller extent than that in
SiHa. Therefore, there may be a correlation between the
level of Hsp expression and the type of HPV infection. Cor-
relation studies between the grade of neoplasia and the
Hsp level showed that the level of Hsp70 but not Hsp90 was
increased after HPV infection [4]. In HPV18 positive oral
sarcoma cancer cells, there was 17.3-fold higher expression
of Hsp27 in comparison to their paired normal tissues [19].

In all the experimental cases, with or without block-
ing the Hsp expression, autophagy was observed at a
very low, insignificant level. In light of recent investiga-
tions reporting that autophagy may represent a survival
mechanism, such results are very encouraging. Silencing
of Hsp expression did not induce necrosis, which is also
an important and promising observation.

Our results indicate that osthole and tamoxifen applied
separately or in combination are not very effective in
apoptosis initiation in cervical cancer cells, which was cor-
related with the protective action of heat shock proteins
against cell death. Blocking of Hsp expression facilitated
effective elimination of HeLa, SiHa, and CaSki cells via pro-
grammed death upon application of the studied drugs.

[1] Ajiro M., Zheng Z.M.: E6”E7, a novel splice isoform protein of
human papillomavirus 16, stabilizes viral E6 and E7 oncoproteins
via HSP90 and GRP78. MBio, 2015; 6: €02068-¢020614

[2] Ariazi E.A., Cunliffe H.E., Lewis-Wambi J.S., Slifker M J., Willis
A.L., Ramos P., Tapia C., Kim H.R., Yerrum S., Sharma C.G., Nicolas
E., Balagurunathan Y., Ross E.A., Jordan V.C.: Estrogen induces ap-

optosis in estrogen deprivation-resistant breast cancer through
stress responses as identified by global gene expression across
time. Proc. Natl. Acad. Sci. USA, 2011; 108: 18879-18886

[3] Barot K.P., Jain S.V., Kremer L., Singh S., Gathe M.D.: Recent ad-
vances and therapeutic journey of coumarins: current status and
perspectives. Med. Chem. Res., 2015; 24: 2771-2798

570



Jakubowicz-Gil J. et al. — Hsps responsible for apoptosis...

[4] Castle P.E., Ashfaq R., Ansari F., Muller C.Y.: Immunohistochemi-
cal evaluation of heat shock proteins in normal and preinvasive
lesions of the cervix. Cancer Lett., 2005; 229: 245-252

[5] Ciocca D.R., Calderwood S.K.: Heat shock proteins in cancer:
diagnostic, prognostic, predictive, and treatment implications.
Cell Stress Chaperones, 2005; 10: 86-103

[6] Den Boom J.A., Pyeon D., Wang S.S., Horswill M., Schiffman M.,
Sherman M., Zuna R.E., Wang Z., Hewitt S.M., Pearson R., Schott
M., Chung L., He Q., Lambert P.O, Walker J., et al.: Molecular tran-
sitions from papillomavirus infection to cervical precancer and
cancer: Role of stromal estrogen receptor signalling. Proc. Natl.
Acad. Sci. USA, 2015; 112: E3255-E3264

[7] Grenman S., Shapira A., Carey T.E.: In vitro response of cervi-
cal cancer cell lines CaSki, HeLa and ME-180 to the antiestrogen
tamoxifen. Gynecol. Oncol., 1988; 30: 228-238

[8] Jakubowicz-Gil J., Badziul D., Langner E., Wertel 1., Zajac A.,
Rzeski W.: Temozolomide and sorafenib as programmed cell death
inducers of human glioma cells. Pharmacol. Rep., 2017; 69: 779-787

[9]Jarzab A., Grabarska A., Kietbus M., Jeleniewicz W., Dmoszyriska-
Graniczka M., Skalicka-Wozniak K., Sieniawska E., Polberg K., Stepu-
lak A.: Osthole induces apoptosis, suppresses cell-cycle progression
and proliferation of cancer cells. Anticancer Res., 2014; 34: 6473-6480

[10] Jiang G., Liu J., Ren B., Tang Y, Owusu L., Li M., Zhang J., Liu
L., Li W.: Anti-tumor effects of osthole on ovarian cancer cells in
vitro. J. Ethnopharmacol., 2016; 193: 368-376

[11] Khar A., Ali A.M.: Serum protects HeLa cells from antiestrogen ef-
fects in culture. Eur. J. Cancer Clin. Oncol., 1987; 23: 761-763

[12] Lo W.Y,, Lai C.C., Hua C.H., Tsai M.H., Huang S.Y., Tsai C.H., Tsai FJ.:
S100A8 is identified as a biomarker of HPV18-infected oral squamous
cell carcinomas by suppression subtraction hybridization, clinical prot-
eomics analysis, and immunohistochemistry staining. J. Proteome Res.,
2007; 6: 2143-2151

[13] Majumdar SK., Valdellon J.A., Brown K.A.: In vitro investigations
on the toxicity and cell death induced by tamoxifen on two non-breast
cancer cell types. J. Biomed. Biotechnol., 2001; 1: 99-107

[14] Radin D.P, Patel P.: Delineating the molecular mechanisms of ta-
moxifen’s oncolytic actions in estrogen receptor-negative cancers. Eur.
J. Pharmacol., 2016; 781: 173-180

[15] Rondén-Lagos M., Villegas V.E., Rangel N., Sdnchez M.C., Zaphiro-
poulos P.G.: Tamoxifen resistance: emerging molecular targets. Int. J.
Mol. Sci., 2016; 17: E1357

[16] Salami S., Karami-Tehrani F.: Biochemical studies of apoptosis in-
duced by tamoxifen in estrogen receptor positive and negative breast
cancer cell lines. Clin. Biochem., 2003; 36: 247-253

[17] Xu X, Zhang Y., Qu D., Jiang T., Li S.: Osthole induces G2/M arrest
and apoptosis in lung cancer A549 cells by modulating PI3K/Akt path-
way. J. Exp. Clin. Cancer Res., 2011; 30: 33

[18] Zhang L., Jiang G., Yao F.,, He Y., Liang G., Zhang Y., Hu B., Wu Y., Li
Y., Liu H.: Growth inhibition and apoptosis induced by osthole, a natu-
ral coumarin, in hepatocellular carcinoma. PLoS One, 2012; 7: 37865

[19]ZhouL.,Zhu T, YangL., WangB., Liang X, Lu L., Tsao Y.P,, Chen S.L.,
LiJ., Xiao X.: Long-term protection against human papillomavirus e7-
positive tumor by a single vaccination of adeno-associated virus vectors
encoding a fusion protein of inactivated e7 of human papillomavirus
16/18 and heat shock protein 70. Hum. Gene Ther., 2010; 21: 109-119

[20] Zong J., Wang C., Liu B., Liu M., Cao Y., Sun X., Yao Y., Sun G.: Hu-
man hsp70 and HPV16 oE7 fusion protein vaccine induces an effective
antitumor efficacy. Oncol. Rep., 2013; 30: 407-412

The authors have no potential conflicts of interest to
declare.

571


https://www.ncbi.nlm.nih.gov/pubmed/?term=Horswill%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26056290
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schiffman%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26056290
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sherman%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26056290
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zuna%20RE%5BAuthor%5D&cauthor=true&cauthor_uid=26056290
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=26056290
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hewitt%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=26056290
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pearson%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26056290
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schott%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26056290
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schott%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26056290
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chung%20L%5BAuthor%5D&cauthor=true&cauthor_uid=26056290
https://www.ncbi.nlm.nih.gov/pubmed/?term=He%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=26056290
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lambert%20P%5BAuthor%5D&cauthor=true&cauthor_uid=26056290
https://www.ncbi.nlm.nih.gov/pubmed/?term=Walker%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26056290

