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Inhibitory activities of Perilla frutescens britton leaf extract against
the growth, migration, and adhesion of human cancer cells

Youngeun Kwak and Jihyeung e
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BACKGROUND/OBIJECTIVES: Perilla frutescens Britton leaves are a commonly consumed vegetable in different Asian countries
including Korea. Cancer is a major cause of human death worldwide. The aim of the current study was to investigate the
inhibitory effects of ethanol extract of perilla leaf (PLE) against important characteristics of cancer cells, including unrestricted
growth, resisted apoptosis, and activated metastasis, using human cancer cells.

MATERIALS/METHODS: Two human cancer cell lines were used in this study, HCT116 colorectal carcinoma cells and H1299
non-small cell lung carcinoma cells. Assays using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide were performed
for measurement of cell growth. Soft agar and wound healing assays were performed to determine colony formation and
cell migration, respectively. Nuclear staining and cell cycle analysis were performed for assessment of apoptosis. Fibronectin-coated
plates were used to determine cell adhesion.

RESULTS: Treatment of HCT116 and H1299 cells with PLE resulted in dose-dependent inhibition of growth by 52-92% (at the
concentrations of 87.5, 175, and 350 pg/ml) and completely abolished the colony formation in soft agar (at the concentration
of 350 pg/ml). Treatment with PLE at the 350 pg/ml concentration resulted in change of the nucleus morphology and significantly
increased sub-G1 cell population in both cells, indicating its apoptosis-inducing activity. PLE at the concentration range of
87.5 to 350 pg/ml was also effective in inhibiting the migration of H1299 cells (by 52-58%) and adhesion of both HCT116
and H1299 cells (by 25-46%).

CONCLUSIONS: These results indicate that PLE exerts anti-cancer activities against colon and lung cancers in vitro. Further
studies are needed in order to determine whether similar effects are reproduced in vivo.
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INTRODUCTION

Cancer is a major cause of human death worldwide. The
colorectal and lung cancer burdens are among the highest in
terms of their incidence and mortality [1]. Thus, prevention of
these types of cancers has significant implication in public
health. Adequate consumption of fruits and vegetables has
been inversely associated with the risk of several cancers, parti-
cularly digestive and respiratory cancers [2]. Diverse phyto-
chemicals found in abundance in fruits and vegetables have
been shown to possess cancer-preventive properties [3].
However, there has been insufficient evidence that any one
single phytochemical can account for the cancer-preventive
activities of plant-based foods in humans [3]. Therefore,
evaluation of the anticancer-activities of plant-based foods as
a complex mixture containing different phytochemicals together
with other constituents would be important.

Perilla frutescens Britton leaves have a unique aroma and are
commonly consumed in different Asian countries, including

Korea [4]. Perilla leaf extract (PLE) has been reported to possess
anti-oxidant [5] and anti-inflammatory activities [6,7] as well as
alleviating activities against hepatotoxicity [8], allergy [9-11],
and obesity [12]. PLE has also been reported to inhibit the
growth of human hepatoma and leukemia cells [13,14] and skin
tumor formation in mice [15]. Several activities have been
attributed to the constituents, including luteolin [15-17], rosmarinic
acid [11,18-21], and triterpene acids [22].

The most fundamental characteristics of cancer cells involve
their capabilities to sustain unrestricted growth, resist apoptosis,
and activate invasion and metastasis [23]. However, there are
few studies systematically reporting on the effect of PLE against
such characteristics of human cancer cells. The aim of the
current study was to investigate the effects of PLE on the
growth, apoptosis, migration, and adhesion of cancer cells using
human colon and lung cancer cell lines.
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MATERIALS AND METHODS

Preparation of perilla leaf extract

Perilla leaves were purchased from a local retail store
(Cheongju, Korea). The leaf samples were washed, ground (MU-
3000, TC Angel, Seoul, Korea), freeze-dried (PH1316, IshinBioBase,
Yangju, Korea), and then extracted with 10-fold volume of 70%
ethanol at room temperature for 4 h. The extraction solution
was then centrifuged at 3,000 x g for 3 min (A320101, Gyrozen,
Daejeon, Korea), and the supernatant was collected. The ethanol
solvent in the supernatant was removed using a vacuum
evaporator (NB-503CIR, N-bioteck, Bucheon, Korea). The dried
extract was weighed and stored at -70°C for further analysis.
The extraction yield was 17.6 +2.3% on a dry weight basis.

Cell culture

HCT116 human colon cancer cells and H1299 human lung
cancer cells were purchased from Korean Cell Line Bank (Seoul,
Korea). HCT116 and H1299 cells were maintained in Macoy's
and RPMI medium (Gibco Co., Rockville, MD, USA), respectively,
containing 10% fetal bovine serum (FBS; Thermo Scientific,
Logan, UT, US) and 100 units/mL penicillin/0.1 mg/mL strepto-
mycin (Welgene Inc.,, Daegu, Korea). Cells were cultured at 37°C
in 95% humidity and 5% CO,. The extracts were dissolved in
dimethyl sulfoxide (DMSQO; Biosesang Inc., Seongnam, Korea)
and further diluted using the corresponding cell culture
medium immediately before treatment of the cells. The final
concentration of DMSO in the culture medium was less than
0.2% (v/v).

Cell viability assay

Cell viability was determined by the 3-[4,5-dimethylthiazol-
2-yl]-2,5-diphenyl tetrazolium bromide (MTT; Sigma-Aldrich, St,
Louis, MO, US) assay [24]. HCT116 and H1299 cells (5x 10
cells/well) were seeded in 96-well plates (Corning Inc, New York,
NY, USA). After 24 h, cells were treated with 0, 87.5, 175, and
350 pg/ml concentrations of PLE in serum free media for 72
and 96 h. The media was replaced by fresh media containing
0.5 mg/mL of MTT. After incubation for 4 h at 37°C, MTT-
containing media were aspirated, and the reduced formazan
dye on the bottom of the well was dissolved by addition of
DMSO. After gentle mixing, the absorbance was measured at
540 nm using a plate reader (Bio-Rad Laboratories, Hercules,
CA, US).

Assay for colony formation in soft agar
Anchorage-independent growth was determined by the
colony formation assay in soft agar [25]. HCT116 (6x 10°*
cells/well) and H1299 (8 x 10° cells/well) cells were mixed with
2 ml of culture media containing 0.3% agar (DC Chemical Co.,
Seoul, Korea) and then overlaid on 1 ml of 0.6% agar in 6-cm
culture dishes (Corning Inc.). Cells were treated with 350 pg/ml
of PLE in serum complete media for 21 days, changing the
media twice a week. After three weeks, colonies were visualized
by staining with 0.05% crystal violet for 1 h. The number of
colonies was then counted at four randomly selected points
in each well under phase contrast time-lapse microscopy (Primo
Vert, Carl Zeiss, Oberkochen, Germany) at a magnification of

100 fold. The images were captured using iSolution Lite
software (IMT i-solution, Burnarby, Canada).

Staining of cell nucleus

DNA staining was performed using 4',6-diamidino-2-pheny-
lindole dihydrochloride (DAPI, Sigma-Aldrich) for morphological
observation of apoptotic cells [26]. HCT116 (7 x 10> cells/well)
and H1299 (6x 10° cells/well) cells were seeded on 8-well
chamber slides (Corning Inc.). After 24 h, cells were treated with
PLE at O, 87.5, 175, and 350 pg/ml in serum free media for
24 h. Cells were fixed using 4% formaldehyde (Sigma-Aldrich)
for 15 min at room temperature, followed by incubation with
DAPI. The nuclear morphology was observed using confocal
laser scanning microscopy at a magnification of 200 fold
(MRC-1024, Bio-Rad Laboratories). Apoptotic cells were recognized
by condensed, fragmented, or degraded nuclei [27,28]. DAPI
staining intensity was determined using Image-J software (NIH,
Bethesda, MD, USA).

Cell cycle analysis

Cell cycle was determined as previously described [25] with
a slight modification. Briefly, HCT116 and H1299 cells (3 x 10°
cells/well) were seeded in 10-cm culture dishes (Corning Inc.).
After 24 h, cells were synchronized for another 24 h in serum
free media. Cells were then treated with PLE at 350 pug/ml in
serum complete media for 24 h (in the case of H1299) or 72
h (in the case of HCT116). Adherent cells were detached by
brief trypsinization (0.25% trypsin-EDTA; Sigma-Aldrich). Cell
pellets were washed with ice-cold PBS and then re-suspended
in 70% ethanol overnight for fixation. After centrifugation at
3,000 x g, the supernatant was removed, and cells were
incubated with PBS containing 1 pg/ml RNAse (Sigma-Aldrich)
and 50 pg/ml propidium iodine (Sigma-Aldrich) for 20 min at
room temperature. Single-cell suspension was generated by
gentle pipetting. Cell cycle analysis was performed using a flow
cytometer (FACS Calibur-S System, BD Biosciences, Heidelberg,
Germany), and data were processed using Cell Quest Pro
software (BD Biosciences).

Cell migration assay

Cell migration was determined using the scratch wound
healing assay [29]. HCT116 and H1299 cells (5 x 10> cells/well)
were seeded on 6-well plates (Corning Inc.). When the cells
reached approximately 80% confluence, a wound was generated
by scratching the cell monolayer using a pipette tip and then
washed with PBS for removal of cell debris. Cells were main-
tained with serum free media containing PLE at 0, 87.5, 175,
and 350 pg/ml and allowed to migrate into the wound area
for 24 h. Images of the wound area were captured using
iSolution Lite software (IMT i-solution, Burnarby, Canada). The
average wound widths at 0 h and 24 h time points were
quantified using Image-J software (NIH), and the wound closure
during the time interval was calculated by subtracting the width
at 24 h time point from the width at 0 h time point.

Cell adhesion assay
Cell adhesion was determined as previously described [30]
with a slight modification. Briefly, 96-well plates were pre-
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coated with fibronectin (1 pg/ml, Sigma-Aldrich) in Hank's buffer
(Welgene Inc.) for 2 h at 37°C, washed with media containing
0.1% bovine serum albumin (BSA, Sigma-Aldrich) twice, and
then blocked with 0.5% BSA for 1 h at 37°C. HCT116 and H1299
cells were suspended in either PLE-containing or DMSO-
containing serum complete media and were then plated into
96-well plates (1 x 10° cells/well). After 1 h, floating non-adherent
cells in the media were aspirated. Adherent cells were stained
with 0.2% crystal violet for 10 min at room temperature, washed
with PBS twice, dissolved with 1% sodium dodecyl sulfate
(Sigma-Aldrich), and then quantified by reading the absorbance
at 540 nm using a plate reader (Bio-Rad Laboratories).

Statistical analyses

SPSS software (version 12.0; SPSS Inc., Chicago, IL, USA) was
used for statistical analyses. Student’s t-test was used for a
simple comparison between two groups. One-way ANOVA
combined with Tukey's as a post-hoc test was used for
comparisons among multiple groups. Regression analysis was
used for assessment of a dose-response relationship. A
probability value of P <0.05 was considered significant.

RESULTS

Effect of PLE on growth and colony formation of human cancer
cells

We first investigated the effect of PLE on the growth of human
colon and lung cancer cells. As shown in Fig. 1, treatment of
HCT116 cells with PLE at the concentration of 87.5, 175, and
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Fig. 1. Effect of PLE on growth of human colon and lung cancer cells. HCT116
and H1299 cells were treated with PLE at the concentrations of 0, 87 5, 175, and 350
ng/ml for 72 h and 96 h, Viable cells were quantified by the MTT assay, and data are
shown as mean + SE of 4-8 determinations, Different letters (a-d) indicate statistical
differences among different concentrations of PLE at a specific time point by Tukey's test
(P<0.05).
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Fig. 2. Effect of PLE on colony formation of human colon and lung cancer cells
in soft agar. HCT116 and H1299 cells on agar were treated with PLE at the
concentrations of O or 350 ug/ml for 21 days (A). Colonies were stained with crystal violet,
and the representative area is shown (B). The number of colonies was counted in four
randomly selected points in each well under phase contrast time-lapse microscopy (x100),
Asterisks indicate statistical differences between untreated control and PLE-treated cells
by two-tailed student t-test (£<0.05), ND: not detected,

350 pg/ml for 72 h resulted in significantly inhibited growth
by 52-82%, with an estimated 1C50 value of 76 pg/ml. Longer
treatment of HCT116 cells with PLE (96 h) resulted in even
greater growth inhibition by 86-92% (IC50 value of ~50 pg/ml).
H1299 cancer cells were comparably susceptible to PLE;
treatment with PLE for 72 h and 96 h inhibited growth by
63-86% (IC50 value of ~67 pg/ml). In both HCT116 and H1299
cells, the growth inhibitory effects of PLE were increased with
its increasing concentrations, showing a significant quadratic
dose-response relationship (R = 0.89-0.97, P < 0.001 by regression
analysis).

We next investigated the effect of PLE on anchorage-
independent growth of human colon and lung cancer cells in
a typical soft-agar assay. After the incubation of PLE in soft agar
for 21 days, a substantial number of colonies formed in both
HCT116 and H1299 cells, indicating their capability of anchorage-
independent growth. Colonies of the control H1299 cells were
found to be much larger than those of the control HCT116 cells
(Fig. 2A). However, in both HCT116 and H1299 cells, treatment
with PLE at the concentration of 350 ug/ml resulted in complete
inhibition of colony formation; only a few cells, not colonies,
were observed in PLE-treated cells (Fig. 2A & B).

Effects of PLE on nuclear morphology and cell cycle distribution
in human cancer cells

We then determined the apoptosis-inducing activities of PLE
after treatment in HCT116 and H1299 cells for 24 h. Cell nuclei
were visualized by DNA staining with the fluorescent dye DAPI
in order to observe morphological evidence of apoptosis.
Control HCT116 (data not shown) and H1299 cells (Fig. 3A)
presented homogeneous and symmetric shape of nucleus.
PLE-treated cells, however exhibited heterogeneous and
condensed nuclear chromatin. The phenomenon was more
pronounced as the concentration of PLE was increased (Fig. 3A).
In particular, H1299 cells treated with PLE at the highest
concentration (350 pg/ml) showed nuclear fragmentation
(indicated with the arrow in Fig. 3A). The DAPI staining intensity

Fluorescent Light Merge (B)

® HCT116

CONT

PLE
875

o 875 175 350

PLE (ugfml)

PLE

b b
175 2

PLE
350

2
@
8~
]
£
g3
2%
e
mb
<
a

0 875 175 350
PLE (ug/ml)

Fig. 3. Effect of PLE on nuclear morphology of human colon and lung cancer
cells. Cells were treated with 0, 87,5, 175, and 350 pg/ml of PLE for 24 h (A). Nuclear
morphology was observed by DAPI staining, and a representative area of H1299 cells
is shown, The arrow indicates the nuclear fragmentation (B), DAPI staining intensity was
quantified using Image J software and presented as % of control (mean =+ SE), Different
letters (a-c) indicate statistical differences among different concentrations by Tukey's test
(P<0.09).
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Fig. 4. Effect of PLE on cell cycle distribution in human colon and lung cancer
cells. Cells were treated with 350 pg/ml concentration of PLE for 72 h (in the case of
HCT116; A) and 24 h (in the case of H1299; B), Cells were stained with Pl, and the
cell population (%) at sub-G1, GO-G1, S, and M-G2 phase was analyzed, Representative
cell cycle distribution is shown in the upper panel, and data are shown as mean + SE
of three determinations in the lower panel, Asterisks indicate statistical differences between
untreated control and PLE-treated cells by two-tailed student t-test (£<0,05),

of apoptotic cells is known to be increased due to their
increased membrane permeability [31]. Treatment with PLE at
the concentrations of 87.5, 175, and 350 pg/ml resulted in
increased DAPI staining intensity to 156-221% of control in
HCT116 cells and to 146-152% of the control in H1299 cells
(Fig. 3A & B).

To confirm the apoptosis-inducing activities and further
characterize the growth inhibitory effect of PLE, cell cycle
analyses were performed on HCT116 and H1299 cells after
treatment with PLE at the concentration of 350 pg/ml. As shown
in Fig. 4, treatment with PLE resulted in significantly increased
sub-G1 cell population to 2.4-fold of control in HCT116 cells
(at 72 h; P<0.05) and 7.4-fold of control in H1299 cells (at 24
h; P < 0.05). However, treatment with PLE did not result in any
significant changes in cell population at GO-G1, S, and G2-M
phases.

Effect of PLE on migration in human colon cancer cells

We evaluated the effects of PLE on migration of human
cancer cells in a wound healing assay. Following introduction
of a wound, cells were treated for 24 h with PLE at 87.5, 175,
and 350 pg/ml concentrations since the treatment did not
significantly affected the cell growth at the 24 h time point
(data not shown). Treatment of H1299 cells with PLE at the
concentrations of 87.5, 175, and 350 pg/ml resulted in signifi-
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Fig. 5. Effect of PLE on migration in human lung cancer cells. H1299 cells were
treated with 0, 87,5, 175, and 350 pg/ml of PLE for 24 h, (A) The width of wound was
quantified using Image-J software, and the wound closure during the 24 h time interval
is shown as mean + SE of 4-5 determinations, Different letters (a-c) indicate statistical
differences among different concentrations by Tukey's test (P<0,05), (B) Representative
wound area of H1299 cells before and after 24 h treatment with PLE at the concentration
of 350 ng/ml is shown,
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Fig. 6. Effect of PLE on adhesion in human colon and lung cancer cells. HCT116
and H1299 cells were suspended with 0, 87 5, 175, and 350 ng/ml concentration of PLE
and plated into a fibronectin (1 pg/ml)-coated 96-well plate, After 2 h, adherent cells were
stained with crystal violet, dissolved with sodium dodecyl! sulfate, and then quantified by
reading the absorbance at 540 nm using a plate reader, Data are shown as mean *
SE of four determinations, Different letters (a-b) indicate statistical differences among
different concentrations by Tukey's test (£<0,05).

cantly reduced wound closure by 52-58% (Fig. 5A & B). HCT116
cells, however, were not responsive to PLE; treatment with 87.5,
175, and 350 pg/ml of PLE for 24 h did not cause any significant
changes in migration of HCT116 cells (data not shown).

Effect of PLE on cell adhesion in human colon cancer cells

Treatment of HCT116 cells with PLE at 87.5, 175, and 350
pg/ml concentrations inhibited the cell adhesion to the
fibronectin-coated bottom of the culture plate by 34-46% (P
< 0.05, Fig. 6). H1299 cells were slightly less responsive to PLE
than HCT116 cells in inhibiting the adhesion; treatment with
PLE at 87.5, 175, and 350 pg/ml was effective in inhibiting cell
adhesion by 25-26% (P < 0.05).

DISCUSSION

Sustaining unrestricted growth, resisting apoptosis, and
activating metastasis are the most fundamental characteristics
of cancer cells [23]. The aim of the current study was to inves-
tigate the inhibitory effects of PLE against such fundamental
characteristics of cancer cells in vitro. Two human cancer cell
lines were used in this study, HCT116 colorectal carcinoma cells
and H1299 non-small cell lung carcinoma cells. Both have been
reported to have highly proliferative and metastatic propensities
[32,33] and are therefore used extensively for screening a variety
of potential anti-proliferative and anti-metastatic compounds
[29,34-36].
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The results of our study indicated that PLE has strong growth-
inhibitory activities in both HCT116 and H1299 cells (Fig. 1).
This is in agreement with previous reports on the potent
anti-proliferative effects of PLE at a range of concentrations
(50-500 pg/ml) in human hepatoma [14] and leukemia cells [13].
Our results also showed that treatment with PLE virtually
nullified the colony formation of both HCT116 and H1299 cells
(Fig. 2). Since the anchorage independent growth assay is
regarded as an in vitro test for tumorigenesis in vivo [37], the
results of our study suggest that PLE may reduce the tumori-
genicity of these cells; further research is needed. Apoptosis
is a process of programmed cell death for removal of unwanted
cells, and the disregulation of apoptosis may lead to malignant
cell growth [27]. Thus, restoration of apoptosis in cancer cells
is regarded as an effective strategy for cancer prevention and
treatment [23,27]. Our results indicated that PLE effectively
induced apoptosis, as shown by the alteration of nuclear
morphology, the increase of DAPI staining intensity, and the
accumulation of cell population in sub-G1 phase (Fig. 3 & 4).
These findings suggest that the growth-inhibitory activities of
PLE observed in the current study may be, at least in part, due
to the induction of apoptosis by PLE. These results are consistent
with those of previous studies showing apoptosis-inducing
effects of PLE in human hepatoma [14] and leukemia cells [13].
In hepatoma cells, the apoptosis-inducing activities have been
associated with down-regulation of Bcl-2 and up-regulation of
caspases [14].

Metastasis is a multistep process where cancer cells leave the
site of the primary lesion, pass through the circulatory system,
and establish a secondary tumor at a new distant organ site
[23]. Metastasis contributes to over 90% of human cancer
mortality [23], therefore, anti-metastatic properties of a wide
variety of compounds have been under extensive investigation
[38]. Migration of cancer cells and adhesion of migrating cells
to secondary organ sites are prominent events in the metastatic
cascade [23]. Our results showed that PLE inhibited migration
in H1299 cells and adhesion in both HCT116 and H1299 cell
lines (Fig. 5 & 6). To the best of our knowledge, this is the
first study reporting such inhibitory activities of PLE in human
cancer cells. We can rule out the possibility that the inhibition
of migration and adhesion by PLE were due to inhibition of
cell growth since inhibition of migration and adhesion was
observed at earlier time points (2-24 h; Fig. 5 & 6) where no
inhibition of cell growth by PLE was evident (data not shown).
Different responsiveness to PLE in inhibiting migration was
observed in the two different cell lines (Fig. 5). We observed
that H1299 cells were rapidly moved compared to HCT116 (data
not shown), and such cell type specificity might contribute to
the different responses.

Several constituents of perilla leaves have been shown to
possess anti-cancer activities. Luteolin, a common flavonoid that
exists in many types of plants including perilla leaves, has been
shown to inhibit cell growth and metastasis but induced
apoptosis in different types of cancer cells, modulating different
cell signaling pathways [39]. Rosmarinic acid has been suggested
as an active constituent for the anti-carcinogenic activity of
perilla leaves in a mouse skin papilloma model, and the activities
have been associated with its anti-inflammatory and antioxidant

activities [19]. Isoegomaketone isolated from perilla leaves has
been reported to inhibit tumor formation of hepatoma cells in a
xenograft model, in conjunction with blocking phosphoino-
sitide-3-kinase signaling [40]. However, clarification is needed
with regard to whether inhibitory activities of PLE against different
characteristics of cancer cells found in the current study are
attributed to a single compound or different compounds in
combination.

In summary, PLE inhibited growth, anchorage-independent
colony formation, and adhesion in both human colon and lung
cancer cells as well as migration in human lung cancer cells,
indicating the anti-cancer activities of PLE in vitro. Whether or
not similar inhibitory effects of PLE can be reproduced in
relevant animal models and finally humans still needs to be
determined. More studies are needed in order to better
understand the detailed mechanism of the inhibitory action of
PLE against colon and lung cancers.
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