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Abstract: Chlorogenic acid (CGA), a plant-based dietary polyphenol exhibits potential anti-cancer capability. Howev-
er, the precise molecular mechanisms remain to be elucidated. In the present study, the inhibitory effect of CGA on 
tumor cells was investigate in vitro and in vivo and its possible mechanisms involving filamentous actin (F-actin) or-
ganization was investigated. By cell viability, apoptosis, and cell cycle analysis, we demonstrate that CGA effectively 
inhibits tumor cell growth in vitro. Also, CGA treatment inhibits migration and invasive ability of cancer cells. Further 
studies revealed that CGA modulates mTORC2-associated signaling pathways with decreased phosphorylation of 
p-protein kinase C alpha (PKCα), Akt, decreased expression of Rictor and F-actin which are known to activate cell 
growth and organize the actin cytoskeleton. Consistently, administration of CGA to mice bearing tumor cell-implant-
ed xenografts also inhibited tumor growth in vivo. Collectively, these data suggest that the mTORC2/F-actin pathway 
is involved in CGA-induced tumor suppression. CGA might have the potential to become an anti-cancer agent. 
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Introduction

Chlorogenic acid (CGA), a dietary polyphenol, is 
common in edible and medicinal plants and is 
formed by quinic acid and caffeic acid [1, 2]. 
Amount of studies on CGA demonstrate that it 
has a wide range of biological activities includ-
ing inhibition of tumor cells [3-5]. However, its 
exact mechanism of anti-tumor activity is not 
fully understood. In order to better understand 
the anti-tumor activity of CGA, make better use 
of traditional Chinese medicine resources, and 
provide better drug candidates for cancer pa- 
tients, we explored the anti-tumor mechanism 
using mouse liver and lung cancer models.

Epithelial-mesenchymal transition (EMT) is a 
decisive step that drives cancer cell invasion 
and metastasis [6-8]. Moreover, abnormal ar- 
rangement of cytoskeleton is closely associat-
ed with EMT and cancer progression [9, 10]. 
Recent reports have indicated that several anti-
cancer drugs and potential therapeutic agents 
for cancer have important roles in inducing 
cytoskeleton redistribution and collapse in can-
cer cells [11, 12]. Dexamethasone could dis-

rupt cytoskeleton organization and inhibit mi- 
gration of T47D human breast cancer cells by 
modulating the mTOR pathway [13]. Potential 
anticancer agents could induce apoptosis in 
DU145 prostate cancer cells by disrupting the 
F-actin organization [14]. Ferrocenyl-containing 
N-acetyl-2-pyrazolines efficiently inhibited hu- 
man lung cancer growth by interfering with 
F-actin stress fiber polymerization [15]. Growth 
arrest specific 7C protein (GAS7) inhibited tu- 
mor metastasis by the hnRNP U/β-TrCP/β-ca- 
tenin and N-WASP/FAK/F-actin pathways in 
lung cancer [16]. Furthermore, dynamic rear-
rangement of F-actin is required to maintain the 
antitumor effect of Trichostatin [17]. Altogether, 
these results have suggested that F-actin sh- 
ould be considered as a target for cancer treat-
ment [18]. To the best of our knowledge, there 
have been no prior reports about the influence 
of CGA on the distribution of cytoskeleton.

The mechanistic target of rapamycin (mTOR) 
pathway plays pivotal roles in cell growth, pro- 
liferation, and survival [19] and is commonly  
activated in many cancers [20]. mTOR is a  
serine/threonine protein kinase that integrates 
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growth factor receptor signaling through mTO- 
RC1 and mTORC2 and mTORC1 is a validated 
cancer drug target [21]. However, the function 
of mTORC2 during cancer progression is less 
well understood compared to mTORC1 [22]. 
Emerging evidence from recent research has 
shown that mTORC2 also plays a very impor-
tant role in cancer progression. Rictor, an mTO- 
RC2 subunit, is often found overexpressed in 
many gliomas. Moreover, forced overexpres-
sion of Rictor promotes activity of mTORC2 and 
endows cancer cells with increased prolifera-
tive and invasion potential [23-25]. Activation 
of mTORC2 is essential for keratinocyte surviv-
al and the early stages of skin tumorigenesis 
[26] and the development of prostate cancer in 
mice caused by the loss of tumor suppressor 
PTEN requires mTORC2 function [27]. Recent 
reports have shown that the Rictor-mTORC2 
complex is important for organization of the 
actin cytoskeleton structure [28, 29]. However, 
whether CGA treatment could influence the  
signal pathway still remains elusive.

In our present study, the anti-tumor effect of 
CGA was investigated both in A549 and HepG2 
cell lines using in vitro culture and in vivo  
xenograft nude mouse models to assess the 
potential mechanism of the protective role of 
CGA on tumor development.

Materials and methods

Cell treatment

The A549 and HepG2 cell lines were purchas- 
ed from the Shanghai Institute of Cell Biology 
(Shanghai, China). Cells were cultured in RPMI-
1640 (A549) or DMEM (HepG2) medium sup-
plemented with 10% (v/v) heat-inactivated fetal 
bovine serum (FBS) 100 mg/mL of streptomy-
cin, and 100 U/mL of penicillin, and maintained 
at 37°C under 5% humidified CO2. For cell treat-
ment, all cell lines were treated with CGA at a 
concentration of 5, 20, or 80 μM. For detecting 
cell viability, Cell Counting Kit (CCK-8) was used 
(Dojindo Laboratories, Japan).

Flow cytometry

Cells were harvested after treatments as indi-
cated above, washed with cold PBS, and then 
processed for cell apoptosis and cell cycle an- 
alysis using flow cytometry. For apoptosis anal-
ysis, cells were harvested and washed twice 

with PBS, and the Annexin-V/PI Kit (BMF500FI, 
eBioscience) was used according to guidelines 
from the manufacturer. For cell cycle analysis, 
briefly, the cells were fixed in 75% ethanol. The 
fixed cells were centrifuged at 800 rpm and 
washed with cold PBS twice. Propidium iodide 
(PI) staining solution (50 μg/ml final concentra-
tion; Beyotime Company, Shanghai, China) was 
added to the cells and incubated in the dark at 
37°C for 30 min. The stained cells were col-
lected using a BD FACS Calibur cytometer. 
Finally, all the data were analyzed using Flow Jo 
software (Tree Star, San Carlos, CA, USA). 

Wound healing and cell invasion assay

Wound healing assays were carried out to eval-
uate the migration of cells under the treatment 
of CGA. A549 and HepG2 cells were seeded in 
six-well plates at 1 × 105 per well in culture 
medium. Confluent monolayers were starved 
overnight and then a single scratch wound was 
created using a micropipette tip. Cell debris 
was washed away using PBS, and then they 
were supplemented with assay medium. Im- 
ages were captured with a microscope using a 
5 × objective at 24 h post-wounding. 

The effect of CGA on A549 and HepG2 cell inva-
sion was performed briefly as following: the 
cells were seeded into the top chambers of a 
24-well Matrigel-coated polyethylene tereph- 
thalate membrane inserts with 8 μM pores 
(Millipore, Billerica, MA, USA) and treated with 
CGA at different concentration. The plates we- 
re coated with 10 μL of type I chamber of the 
Matrigel-coated transwell insert. The medium 
of the lower chambers contained 0.1 mg/mL 
bovine serum albumin as a chemoattractant. 
The cells were incubated at 37°C for 48 h. The 
cells that had invaded the outer surface of the 
membrane were fixed with methanol, and 
stained with hematoxylin and eosin, and photo-
graphed (CKX41, Olympus, Tokyo, Japan).

Western blot

Proteins were extracted using lysis buffer (50 
mM Tris-Cl pH 8.0, 150 mM NaCl, 0.1% SDS, 
0.02% NaN3, 100 mg/ml phenyl-methylsufonyl 
fuoride (PMSF), 10 μg/mL aprotinin, 1 mg/ml 
Aprotinin, 1% Triton, 10 μg/mL leupeptin, 1 mM 
dithiothreitol, 1 mM paranitrophenyl phosph- 
ate, and 0.1 mM Na3VO4) and the protein con-
centration of each sample was detected using 
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the BCA protein assay kit (Pierce Chem- 
ical, Rockford, IL). Total lysates were resolved 
by 10% SDS-PAGE and transferred to nitrocel-
lulose. Primary anti-human polyclonal antibod-
ies are list as follows: mTOR (1:2000 diluti- 
on; Abcam, ab2732), anti-phospho-mTOR (Ser- 
2481) (1:1000 dilution; Cell Signaling Techno- 
logy, 2974), anti-Akt (1:1000 dilution; Cell Si- 
gnaling Technology, 4691), anti-phospho-Akt 
(Ser473) (1:2000 dilution; Cell Signaling Tech- 
nology,4060), anti-PKCα (1:1000 dilution; Cell 
Signaling Technology, 2056), anti-phospho-PK- 
Cα (1:1000 dilution; Santa Cruz, 12356), anti-
Rictor (1:1000 dilution; Cell Signaling Techno- 
logy, 2114) anti-F-actin (1:500 dilution Abcam, 
ab205) and GAPDH (1:1000 dilution; Termo 
Fisher Scientifc, MA5-15738-BTIN) the primary 
antibodies were detected by incubation with 
horseradish peroxidase (HRP)-conjugated anti-
rabbit/mouse anti-body (1:2000 dilution; Be- 
yotime). The densitometry software Quantity 
One v4.62 was used for protein expression 
analysis.

Xenograft mouse model

6-7 week old female BALB/c nude mice were 
purchased from Guangdong Medical Lab 
Animal Center and treated in accordance with 
the Guide for the Care and Use of Laboratory 
Animals (National Institutes of Health, USA)  
and all manipulations were approved by the 
Yunnan University Animal Care Commission. 
For the xenograft, 2 × 106 A549 or HepG2 cells 
were implanted into mice subcutaneously. 
When tumors became palpable, the mice were 
divided into 4 groups randomly (5 mice per 
group): group 1, vehicle control (treated with 
DMSO in saline); group 2 (50 mg/kg CGA); 
group 3 (100 mg/kg CGA); group 4 (200 mg/kg 
CGA). All treatments were done through intra-
peritoneal injection every two days for 4 weeks. 
The tumor volume was measured using a ver-
nier caliper every 5 days and calculated as fol-
lows: volume (mm3) = length × width × width/2.

Immunofluorescence labeling and microscopy

For the detection of F-actin distribution, cell 
lines were grown on cover slips and treated 
with increasing concentrations of CGA for 48 h. 
After the incubation, cells were rinsed in PBS 
and fixed with 4% paraformaldehyde for 1 h at 
RT. After rinsing, the cells were permeabilized 
with 0.2% triton X-100 containing PBS and were 
blocked before primary antibody incubation for 

5 min with 1% BSA in PBS. Rinsed cells were 
labeled with F-actin by using phalloidin-conju-
gated to Alexa Fluor® 594 (5 U/ml; Invitrogen, 
Molecular Probes) for 1 h. Cells were washed 
four times with PBS, mounted with 0.5 μg/ml  
4, 6-diamidino-2-phenyindole (DAPI) containing 
30% glycerol in PBS. The images were acquired 
using a fluorescence microscope (Olympus, 
Tokyo, Japan).

Immunohistochemistry of tumors

Excised tumor tissues were fixed in 4% parafor-
maldehyde (PFA) and embedded in paraffin. 
Paraffin blocks were trimmed as necessary  
and cut at 5 um, and then serial sections of  
the embedded specimens were deparaffinized, 
rehydrated, and subjected to antigen retrieval. 
Then slides were incubated with anti-Ki-67 
(Abcam, ab15580), anti-F-actin (Abcam, ab- 
205) or anti-phospho-mTOR (Ser2481) (Cell 
Signaling Technology, 2974) (all these antibod-
ies were used at a 1:100 dilution in PBS  
containing 1% FBS) for 2 h, followed by a bioti-
nylated secondary antibody for 30 min, and 
then streptavidin-HRP for 20 min. Then slides 
were developed by incubation with the 3, 
30-diaminobenzidine (DAB) and the slides were 
counter stained with hematoxylin. The images 
were collected from five fields per section under 
200 × magnifications. 

Statistical analysis

Data are presented as the as the mean ± SD 
and analyzed using GraphPad Prism 5.0 soft-
ware. Student’s t-test was used to compare 
between two groups. One-way ANOVA analysis 
of variance was used to compare among three 
or more groups. A value of P < 0.05 was consid-
ered statistically significant. Experiments were 
performed at least three times and representa-
tive experiments are shown.

Results

CGA inhibits tumor cell growth in vitro

The anti-tumor activity of CGA was tested on 
A549 and HepG2 cell lines. The cells were 
treated with CGA (0, 5, 20, or 80 μM) for 48 h 
and cell viability was determined by the CCK-8 
assay. Briefly, after 48 h culture, the medium 
were changed to fresh medium with 10% CCK8 
(Dojindo Laboratories, Japan). The absorption 
data at 450 nm were detected 30 minutes 
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Figure 1. CGA inhibits tumor cell growth in vitro. Cancer cell lines were treated with CGA at (5, 20, or 80 μM) for 48 h. Cell viabilities were examined by CCK-8 assay. 
Representing figures of cells after culture were shown in the left and cell viability determined by absorption data at 450 nm was shown in the right. Bar = 200 μm. 
Quantitative data are presented as the mean ± SD from three independent experiments. *P < 0.05; **P < 0.01; ***P < 0.001.
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using microplatereader. As shown in Figure 1, 
both HepG2 and A549 tumor cells treated with 
CGA showed decreased cell viability in a dose 
dependent manner compared to vehicle treat-
ed cells, suggesting CGA has an inhibitory ef- 
fect on tumor cells.

CGA induces tumor cell apoptosis and cell 
cycle blockage in vitro

To further confirm the antitumor ability of CGA, 
studies were conducted to examine the level of 
apoptosis and cell cycle status. As shown  
in Figure 2A, cells treated with CGA have in- 
creased apoptosis and a blockage of the cell 
cycle in the G1 to S phase in a dose-dependent 
manner (Figure 2B). 

CGA inhibits cell migration and invasion ability 
of cancer cells

As cell migration is an essential step for cancer 
metastasis, we next examined the inhibition 

ability of CGA on cell migration on the two cell 
lines using scratch wound healing assays. The 
results in Figure 3A show that untreated A549 
and HepG2 cells covered more damaged area 
at 24 h compared with the cells treated with 
CGA at 5, 20, or 80 μM. Also, compared with 
control groups, the distance of the scratch 
wound in the CGA treated group was signifi-
cantly larger. In addition, in order to study 
whether CGA disturbs the invasiveness of 
malignant cancer cells, Matrigel invasion assay 
was conducted. The results showed that CGA 
inhibited cancer cells moving into the Matrigel 
chamber in a dose-dependent manner (Figure 
3B). These results indicate that CGA can inhibit 
the migration and invasion of cancer cells.

CGA led to F-actin disruption in vitro

Previous results show that a number of cyto-
skeleton changes could lead to cell apoptosis 
and cell cycle disruption [30] and could lead to 

Figure 2. CGA induced cell apoptosis and cell cycle blockage in vitro. Cancer cell lines were treated with CGA at in-
dicated concentration and time. Cell apoptosis level (A) and cell cycle states (B) were determined by flow cytometry 
and analyzed by flowJo. Quantitative data are presented as the mean ± SD from three independent experiments. 
*P < 0.05; **P < 0.01; ***P < 0.001.
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Figure 3. CGA decreases cell motility as assessed by wound healing assay. Cells cultured in 12 well plates were 
monitored for their ability to migrate into the created wound gap. The wound gap was photographed 24 h after cre-
ated. The wound healing images demonstrated that A549 and HepG2 cells treated with CGA migrated much slower 
than vector control cells (× 40) (A). Cells were treated for 48 h with of CGA at indicated concentrations and the cell 
invasion assay (B) was performed in a Matrigel-coated chamber system as described in Materials and Methods. Bar 
= 100 μm. Representative photographs of three independent experiments were shown. 

Figure 4. CGA led to F-actin disruption in vitro. CGA-induced changes in F-actin distribution following 48 h of expo-
sure in A549 and HepG2 cells. A549 and HepG2 cells plated on cover slips were treated with increasing concentra-
tions of CGA. F-actin (red) were stained with Alexa Fluor® 594 phalloidin and DAPI for the nucleus (blue). Cells were 
imaged at a × 60 objective at identical exposure settings with immunofluorescence microscope. The bar indicates 
100 μm.
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Figure 5. CGA regulates mTORC2 activity through Rictor expression. A549 and HepG2 cells were treated for 24 h 
with increasing concentrations of CGA and the expression of mTORC2 signaling-related proteins (PKCα, p-PKCα, Akt, 
p-Akt, Rictor, and F-actin) were measured by Western blot analysis (A) and the relative expression level of p-PKCα, 
p-Akt, Rictor, p-mTORC2 and F-actin were quantified using Quantity One (B). *P < 0.05.

Figure 6. CGA administration suppresses growth of xenografts in vivo. Female Balb/c nude mice bearing A549 and 
HepG2 xenografts were administrated with CGA or DMSO through intraperitoneal injection every two days for 4 
weeks. Tumor volume (A) was recorded every 5 days. Three out of five representing tumor from each group was show 
after sacrifice (B). Data are shown as mean ± se M (n = 5). The Ki67 (indicates by brown color) expression level, 
F-actin (brown color) expression level, and phosphorylation of mTORC2 (p-mTOR2481) (brown color) was measured 
by immunohistochemistry (C, D) and the nuclear is counterstained by hematoxylin (Blue). *P < 0.05, **P < 0.01, 
control group compared with all groups treated with CGA. The bar indicates 50 μm.
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inhibition of tumor progression [13]. F-actin has 
been proven to be one of the very important 
targets of anti-tumor agents [17, 18]. Therefore, 
we wanted to know whether the inhibitory activ-
ity of CGA on tumor progression was associat-
ed with F-actin organization. To do this, immu-
nofluorescence labeling to stain filamentous 
F-actin was performed to determine the intra-
cellular cytoskeletal actin distribution. As sh- 
own in Figure 4, distinct changes in cell mor-
phology and organization of F-actin filaments 
was observed in cells treated with increasing 
doses of CGA: randomly distributed F-actin con-
densation emerged in the cells treated with 
CGA, while vehicle treated cells developed ac- 
tin cytoskeleton with clearly visible structure. 
Many cells reduced their volume and intercel-
lular contacts which had fewer actin fibers and 
disrupted actin organization.

CGA treatment also downregulates mTORC2 
activity 

Previous research has shown that inhibition of 
the Rictor-mTORC2 signal pathway impairs the 
actin cytoskeletal structure [28, 29]. Therefore, 
we wanted to know whether the mTORC2 signal 
pathway was also interrupted after CGA tre-
atment. Western blot was carried out to deter-
mine the activation level of the mTORC2 signal 
pathway. Ser473 of Akt is phosphorylated by 
mTORC2 [31] and PKCα is also a substrate of 
mTORC2 [28, 29]. PKCα is phosphorylated at 
Ser657 by mTORC2 and regulates actin remod-
eling. Here, we investigated whether CGA regu-
lates pPKCα S657 and pAkt Ser473 through 
mTORC2. We observed the relative protein 
expression level of PKCα, AKT and mTOR is not 
significantly different between control and CGA 
treated group (Figure 5A and analysis data not 
shown). While in CGA treated A549 and HepG2 
cells, both the pPKCα (Ser657) and pAkt (S473) 
levels were reduced in a dose dependent man-
ner and the expression level of F-actin was also 
significantly reduced in CGA treated cells com-
pared to control cells (Figure 5A, 5B). Consistent 
with this result, Rictor, an important compo-
nent of the mTORC2 complex, was also signifi-
cantly reduced in CGA treated cells (Figure 5A, 
5B). These results suggested that CGA leads to 
F-actin disruption, and probably the down regu-
lation of the Rictor-mTORC2 signal pathway is 
involved in this disruption. 

CGA administration suppresses growth of 
xenografts in vivo

In order to confirm whether CGA could exert an 
inhibitory effect on tumor progression in vivo, 
we conducted experiments using A549 and 
HepG2 xenografts in a nude mouse model. 
Tumor volume was measured every 5 days for 8 
weeks. After 4 weeks of treatment, mice were 
sacrificed for experiments. As shown in Figure 
6A, 6B), CGA treatment, especially at high 
dose, did markedly suppress the growth of both 
A549 and HepG2 tumors in vivo. In addition, we 
also examined the expression level of Ki67, a 
tumor proliferation marker by immunohisto-
chemistry assay. As the results (Figure 6C, 6D) 
show, after CGA treatment, ki67 positive prolif-
erating cells are significantly reduced compa- 
red to control group. Moreover, consistent with 
our in vitro results, the immunohistochemistry 
staining results of F-actin and mTORC2 (Figure 
6C, 6D) confirmed CGA treatment disrupted  
the expression pattern of F-actin and inhibited 
phosphorylation of mTORC2. Taken above to- 
gether, these findings demonstrate that CGA 
inhibits tumor growth both in vivo and in vitro 
and disruption of F-actin organization and de- 
creased mTORC2 signal activity contributes to 
its antitumor effect.

Discussion

Natural products have been developed as anti-
cancer agents in the clinical setting for a long 
time [32]. The antitumor effect of CGA on tumor 
cells has been studied in many human cancer 
cells [33-35], but the underlying mechanism  
is still unclear. Therefore, the present study 
focused on A549 and HepG2 cells in vitro and 
in vivo to study the antitumor role of CGA. We 
found that CGA had a strong cytotoxic activity 
toward both A549 and HepG2 cells in a dose-
dependent manner. In addition, CGA could also 
lead to tumor cell apoptosis, cell cycle arrest, 
and decreased cell migration and invasion  
ability. Furthermore, we confirmed the in vivo 
antitumor capability of CGA in nude mice bear-
ing tumor xenografts. Importantly, we found 
that, CGA could lead to F-actin disruption in 
tumor cells and that this disruption was par-
tially due to decreased rictor-mTORC2 complex 
activity. This study suggests that CGA disrupt 
the organization of F-actin, probably through 
inhibiting the mTORC2 signaling pathway.
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Previous results have shown that CGA adminis-
tration could lead to tumor cell apoptosis and 
cell cycle arrest [36]. Consistent with their 
results, we also find that CGA treatment could 
lead to reduced cell viability, increased apopto-
sis, and cell cycle arrest. Also, we found that 
CGA treatment reduced the cell migration and 
invasion ability which were identical to a prior 
report on the investigation of anti-invasive pro- 
perties of derivatives from cinnamic acid on 
adenocarcinoma cells [35]. Since the cytoskel-
eton exerts important roles in tumor cell migra-
tion and invasion [9, 10] and recent research 
has proven that targeting F-actin origination 
could control tumor cell migration [17, 37-39]. 
Therefore, we investigated the influence of CGA 
on F-actin organization, and for the first time 
report that CGA treatment could lead to F-actin 
disruption in tumor cells.

The activation of the mTOR signal pathway, 
which including mTORC1 and mTORC2, has 
important roles in cancer progression [19, 20, 
22], and recent reports have shown that the 
mTORC2 signaling pathway can control the 
actin cytoskeleton [23, 28, 40]. However, no 
report has shown that CGA could influence 
mTOR activation. Here, we show for the first 
time that CGA could lead to deceased mTORC2 
activation, which was demonstrated by less 
phosphorylation of mTORC2 and downstream 
pPKCα and pAkt signals. Importantly, these 
phenomena were due to decreased expres- 
sion of Rictor, an essential component of the 
mTORC2 complex. However, how CGA treatm-
ent decreased the expression level of Rictor 
and the mechanism involved in this regulation 
needs further investigation. 

In conclusion, we describe the anti-tumor effect 
of CGA and show that they are, in part, due to 
the disruption of F-actin organization pattern 
and inhibition of mTORC2 signaling. 
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