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Anticancer effects of rosmarinic acid in human oral cancer
cells is mediated via endoplasmic reticulum stress, apoptosis,
G2/M cell cycle arrest and inhibition of cell migration
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Summary

Purpose: This investigation was undertaken to infer the
anticancer effects of rosmarinic acid against human oral
cancer cells.

Methods: Normal hTRET-OME oral cell line and oral can-
cer cell line SCC-15 were used in the present study. CDK-8
was used to determine the proliferation of cancer cells. Apo-
ptosis of cancer cells was assessed by DAPI staining method.
Flow cytometric procedure was employed to study the cancer
cell cycle phase distribution. The migratory potential of can-
cer cells was estimated by transwell assay.

Results: Rosmarinic acid inhibited the proliferation of oral
cancer cells and the level of inhibition was dose-dependent.
The antiproliferative role of rosmarinic acid was exerted

Introduction

The living world is much fascinating not only
in the sense that it dwells a vast diversity of living
entities but also in the sense that a huge number of
naturally occurring compounds are synthesized by
the living organisms [1]. These naturally occurring
compounds fall in broad categories of primary and
secondary metabolites. The secondary metabolites,
although considered the accessory natural com-
pounds, are fairly important for the better survival
of host organism for their potential to provide a
helping hand to their host in the fluctuating envi-
ronmental conditions [2,3]. Further, they aid in the

through apoptotis induction and arrest of cell cycle at
G2/M phase in oral cancer cells. Treatment of rosmarinic
acid also resulted in endoplasmic reticulum stress and af-
fected negatively the migratory potential of cancer cells in a
concentration-dependent manner.

Conclusion: The results of this study revealed the antican-
cer potential of rosmarinic acid against the oral cancer cell
growth and propagation. The study envisages the impor-
tance of natural compounds for their usage against human
cancers.
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chemical defense against predators’ attacks [4]. The
plant kingdom is very diverse and plants are seen
to possess an enormous variety of secondary me-
tabolites which benefit the host plant in a number
of ways. The plant-derived natural products have
long been valued for their health benefitting effects
in humans [5,6]. The plant secondary metabolites
have been shown to confer positive results on hu-
man health and have been used for treating a num-
ber of human disorders. The role of plant-derived
compounds to be used against human cancers is
well recognized [7]. Active research is going on to
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explore, evaluate and understand the anticancer
effects of plant-based natural compounds. Phe-
nolics comprise a class of ubiquitously occurring
plant secondary metabolites synthesized through
shikimic acid and phenyl propanoid pathways [8].
These compounds have bioactive properties and
possess health-protective effects. Rosmarinic acid,
an ester of caffeic acid, belongs to the phenolic
group of plant secondary metabolites and found
mainly in plants belonging to Lamiaceae family
like Rosemarinus officinalis (rosemary) [9]. The an-
ticancer effects of caffeic acid and its phenyl esters
against oral cancer are well understood [10-13].
Rosmarinic acid has been proved to possess anti-
cancer properties against different human cancer
cell lines [14]. Here, we tried to investigate the anti-
cancer potential of rosmarinic acid against human
oral cancer. The oral and pharyngeal cancers are
ranked 6™ in terms of cancer prevalence. The over-
all 5-year survival rate of oral cancer is much lower
compared with breast and prostate cancers. Hence,
researchers look urgently for effective measures of
preventing and treating oral cancer. This study was
undertaken to investigate the anticancer effects of
Rosmarinic acid on human cell oral cancer cells
and to explore the underlying mechanism.

Methods

Culture and maintenance of cell lines

Normal hTRET-OME oral cell line and oral cancer
cell line SCC-15 were procured from American Type Cul-
ture Collection (ATCC,USA). Dulbecco’s modified Eagle’s
medium (DMEM, Thermo Fisher Scientific, Waltham,
Mass, USA) containing 10% fetal bovine serum (FBS)
was used for culturing the cell lines at 37°C with 5%
CO, in a humidified incubator.

Growth and proliferation assay

Cell counting kit-8 (CCK-8, MedChemExpress, Chi-
na) was used for estimation of proliferative rates of oral
cancer cells treated with rosmarinic acid (96%, Sigma-
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Aldrich) and the proliferation rates were compared with
normal treated cells. In brief, the cells were placed in 96-
well plates at 1x10° cells/well density and cultured for
24h with 0, 2.5, 5, 10, 20, 40, 80 and 180pM rosmarinic
acid, after which cell counting kit-8 (CCK-8) 10 pl solu-
tion to each well was employed to estimate the prolifera-
tion rates at the indicated time intervals. Following 2h
incubation at 37°C, absorbance at 450nm was read for
each sample with the help of microplate reader.

Analysis of cellular apoptosis

DAPI staining was performed to examine the effect
of rosmarinic acid on the viability of oral cancer cells
and induction of cell apoptosis. The cells were plated in
12-well plates at a density of 0.6x10° cells/well. O, 10,
20 and 40pM rosmarinic acid was added to each well
and cells were incubated at 37°C for 24h. Afterwards,
the cells were harvested and washed twice with phos-
phate buffered saline (PBS), followed by fixing with 4%
paraformaldehyde. The DAPI solution was used to stain
the cells. Afterwards, the cells were examined for fluo-
rescence measurements using fluorescent microscope.

Cell cycle phase distribution study

The SCC-15 cells were treated with 0O, 10, 20 and
40pM rosmarinic acid for 24h at 37°C in 6-well plates
with 1x10°¢ cells/well. Cell pellets were obtained by cen-
trifugation and subsequently washed with PBS. The
cells were then fixed using absolute methanol. This was
followed by propidium iodide (PI) treatment and flow
cytometry to analyze the cell cycle phase distribution of
treated oral cancer cells in comparison to the untreated
ones.

Transwell migration assay

After 24h treatment with 10, 20 and 40pM ros-
marinic acid, the treated oral cancer cells and untreated
cells were plated at a density of 1x10° cells in the upper
chamber of transwell plate without matrigel coating.
The cells were allowed to grow for 24h at 37°C with
5% CO,. Afterwards, the cancer cells invading the lower
chamber were fixed with 70% ethanol and then stained
using 0.1% crystal violet solution. Finally the migratory
cells were visualized under 100x magnification light mi-
croscope and pictures were taken.
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Figure 1. A: Chemical structure of Rosmarinic acid. B: Cell viability of normal hTRET-OME and oral cancer SCC-15
cells. The experiments were repeated three times and shown as mean + SD (*p<0.05).
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Western blotting

Using RIPA lysis and extraction buffer (Thermo
Fisher Scientific, Waltham, Mass, USA), total proteins
were isolated from untreated oral cancer cells and cancer
cells treated with 10, 20 and 40pM rosmarinic acid for
24h. Bradford method was used to quantify the protein
concentrations. About 45ng of total proteins from each
sample were separated electrophoretically on 10% SDS-
PAGE. The gel was blotted to nitrocellulose membrane
and the membrane was then exposed to specific primary
antibodies followed by exposure to secondary antibodies.
ECL reagent was used for the detection of bands cor-
responding to proteins of interest. The protein expres-
sion procedures were normalized with human GADPH
protein.

Statistics

The experiments were performed in triplicate and
expressed as mean+SD. Graphpad Prism 7 software was
used to perform t-test. A p value less or equal to 0.05
was taken as an indicator of statistically significant
difference.

Results

Inhibition of oral cancer growth by rosmarinic acid
through cell apoptosis

To assess the growth inhibitory effects of ros-
marinic acid against the oral cancer cells, normal
(hTRET-OME) and cancer (SCC-15) oral cells were
treated with 0, 2.5, 5, 10, 20, 40, 80 and 160pM
concentrations of rosmarinic acid for 24h (Figure
1A). Using CCK-8 kit, the proliferation rates of cells
were determined. It was found that the viability of
SCC-15 cancer cells decreased proportionally with
the increasing doses of rosmarinic acid with an
ICy value ranging between 20 and 40pM (Figure
1B). The inhibitory effects were less pronounced
against the normal oral cells indicating that ros-
marinic acid selectively inhibits the growth of oral
cancer cells. To confirm whether the anti-growth
effects are due to the induction of apoptosis, the
SCC-15 cells were treated with O, 10, 20 and 40pM
rosmarinic acid for 24h and processed for nuclear
morphology assessment through DAPI staining.
The cancer cells were seen with clear nuclear de-
formation, indicative of apoptotic cell death (Fig-
ure 2). Moreover, the effects were more prominent
at higher doses of rosmarinic acid. Further sup-
port was obtained from western blotting results
where it was found that the positively regulating
apoptotic proteins Bax and active Caspase-3 were
upregulated under rosmarinic acid (Figure 3). How-
ever, the protein concentration of pro-caspase-3 re-
mained unchanged, meaning that the treatment of
rosmarinic acid promotes the cleavage of pro-cas-
pase-3 to generate caspase-3 and thus prompts the

oral cancer cells to go for apoptotic cell death. Bcl-2
protein was seen to be decreasing with increas-
ing treatment concentration increasing the Bax/
Bcl-2 ratio. The results infer that the rosmarinic
acid induces apoptosis in oral cancer cells and thus
reduces their proliferation rates.

Rosmarinic acid promotes endoplasmic reticulum oxi-
dative stress

The anticancer effects of rosmarinic acid were
also investigated for its potential to induce the oxi-

Control 10 uM
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Figure 2. DAPI staining of oral cancer SCC-15 cells show-
ing Rosmarinic induction of apoptosis in a dose-dependent
manner. The experiments were repeated three times.
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Figure 3. Western blots showing that Rosmarinic acid in-
creases the expression of cleaved caspase-3 and Bax and
decreases Bcl-2 expression dose-dependently in oral cancer
SCC-15 cells. The experiments were repeated three times.
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dative stress in endoplasmic reticulum (ER). For
elucidating the relationship, the protein expres-
sions of ER-stress marker proteins were studied
under 0, 10, 20 and 40uM concentrations of ros-
marinic acid. The cancer cells exhibited higher
protein concentrations of all the marker proteins
studied like PERK, p-PERK, IRE 1, ATF4 and CHOP
(Figure 4). Thus, it is clear that rosmarinic acid in-
hibits the oral cancer cell growth by inducing the
ER-stress.
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Figure 4. Western blots showing that Rosmarinic acid in-
creases the expression of p-ERK, IRE1, ATF4 and CHOP in
a dose-dependent manner in oral cancer SCC-15 cells. The
experiments were repeated three times.
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Figure 5. Flow cytometry showing that Rosmarinic acid
blocks the SCG-15 cells in the G2/M phase of the cell cy-
cle in a concentration-dependent manner. The experiments
were repeated three times.
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Cell cycle arrest in rosmarinic acid treated oral cancer
cells

To elucidate whether rosmarinic acid has any
effect on the cell cycle of oral cancer cells, the SCC-
15 cancer cells were treated with 0, 10, 20 and
40pM rosmarinic acid and cell cycle phase distribu-
tion was determined through flow cytometry. The
results indicated that the percentage of G2/M phase
cells increased with increasing rosmarinic concen-
tration which was 21.67, 19.86, 24.27 and 64.95 un-
der 0, 10, 20 and 40uM treatment concentration, re-
spectively (Figure 5). This signified that rosmarinic
acid promoted cell cycle arrest in oral cancer cells
which was further confirmed by western blotting
results. Additionally, the expression of cyclin B1
was decreased in SCC-15 cells dose-dependently
upon exposure to rosmarinic acid (Figure 0).

Rosmarinic acid inhibits the migration of oral cancer
cells

The transwell assay-based assessment of oral
cancer cell migration revealed that migration of
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Figure 6. Western blots showing that Rosmarinic acid
inhibitis the expression of cyclin B1 in oral cancer SCC-
15 cells concentration-dependently. The experiments were
repeated three times.

Figure 7. Transwell assay showing the effects of different
concentrations of Rosmarinic acid on the migration of the
oral cancer SCC-15 cells. The experiments were repeated
three times.
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Figure 8. Western blots showing the effects of different
concentrations of Rosmarinic acid on the MMP-2 and
MMP-9 expression in oral cancer SCC-15 cells. The experi-
ments were repeated three times.

cancer cells was remarkably inhibited by rosmarin-
ic acid treatment. The extent of restriction of cell
migration by rosmarinic acid increased with in-
creasing doses of the molecule (Figure 7). The west-
ern blotting of matrix metalloproteinases (MMP-2
and MMP-9) showed that the rosmarinic acid ex-
erted its antimigratory effects on oral cancer cells
by decreasing the protein concentrations of both
MMP-2 and MMP-9 dose-dependently (Figure 8).

Discussion

Plant phenolics constitute a highly diverse
class of secondary metabolites [15]. The phenolic
compounds are seen to possess antioxidant prop-
erties and are thus considered as health protective
molecules in humans [16]. Many of these com-
pounds are shown to have anticancer potential
[17,18]. Hence, this group of plant secondary me-
tabolites might act as a potential source of plant-
based anticancer molecules and subsequent drug
discovery. Researchers in recent times have under-
taken exploratory studies to look for the phenolic
compounds which can serve as efficient anticancer
agents against particular human cancers. In such
sort of exploratory study, the present work was
designed to assess the anticancer potential of ros-
marinic acid against the human oral cancer. Oral
cancer is ranked among the most prevalent human
cancers [19]. The rosmarinic acid is an ester of caf-
feic acid and has previously been proven to possess
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