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Abstract: Increasing evidences have indicated the role of garlicin in inhibiting the progression of various tumors in-
cluding glioma, pulmonary carcinoma and pancreatic carcinoma, via mediating cell apoptosis or cell cycle. The regu-
latory effect and related molecular mechanism of garlicin in intrahepatic cholangiocarcinoma, however, remained 
unknown. This study thus aimed to investigate this scientific issue. HCCC-9810 cell line was treated with serially 
diluted garlicin, followed by cell proliferation assay using MTT approach. Transwell migration and invasion assays 
were further employed the regulatory effect of garlicin. The expression level of p-AKT and AKT proteins in tumor cells 
was quantified by Western blot. The growth of tumor cells was significantly inhibited by high concentration of garlicin 
(> 1.5 μM). Lower concentration of garlicin showed dose-dependent inhibition of tumor cell invasion and migration. 
After using specific agonist IGF-1 (50 ng/mL) of PI3K/AKT signaling pathway, such facilitating effects of garlicin were 
depressed (P < 0.05). Western blotting showed significantly decreased phosphorylation level of AKT after treated 
with gradient concentrations of garlicin, while leaving the total AKT protein level unchanged. Garlicin may inhibit the 
invasion and migration of intrahepatic cholangiocarcinoma cells via inhibiting PI3K/AKT signaling pathway.
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Introduction

As one active intergradient extracted from gar-
lic, garlicin has multiple biological activities 
such as cancer prevention by inhibiting nitrate 
reductase, anti-tumor functions via macro-
phage potentiation, and the potentiation of 
anti-tumor drug sensitivity [1, 2]. Increasing evi-
dences in recent years have indicated the 
inhibitory role of garlicin in the progression of 
various malignant tumors including glioma, 
gastric, pancreatic and hepatocyte carcinoma 
via modulating cell apoptosis or cell cycle, such 
as those in U87 and human gastric adenoma 
cell line SGC-7901 [1-4]. The relationship 
between garlicin and invasiveness of intrahe-
patic cholangiocarcinoma, however, has not 
been reported yet. This study thus aimed to 
investigate the effect of garlicin on invasion 
and migration of human intrahepatic cholangio-
carcinoma cells, in an attempt to provide evi-
dences for clinical treatment of intrahepatic 
cholangiocarcinoma.

Materials and methods

Cell culture

Human intrahepatic cholangiocarcinoma cell li- 
ne HCCC-9810 (Cell Biology Institute, Shanghai, 
China) were kept in DMEM medium containing 
10% fetal bovine serum (FBS) in a 37°C humidi-
fied chamber perfused with 5% CO2. 

MTT assay

Cells at log phase were added into 96-well plate 
(4 × 103/mL). Gradient concentrations of garli-
cin (0, 0.5 μM, 1.0 μM, 1.5 μM, 2.0 μM, 3.0 μM, 
4.0 μM and 5.0 μM) were added for 24-hour 
continuous incubation, followed by the addition 
of 5 mg/mL MTT reagents (Beyotime, China). 
After 4-hour incubation, formanzan solvent was 
added to each well (0.1 mL per well). The crystal 
was completely dissolved by further 4-hour 
incubation. Absorbance value at 570 nm was 
measured by a microplate reader.
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Transwell migration assay

HCC-9810 cells were firstly pre-treated with 
garlicin (0, 0.5 μM and 1.0 μM) for 24 hours, 
followed by 12-hour incubation in serum-free 
medium. Trypsin was then added to stimulate 
the retraction of cytoplasm and disconnection 
of cell-to-cell adhesion. DMEM medium was 
then added to collect cells by centrifugation in 
order to remove serum-containing medium, fol-
lowed by the addition of serum-free culture 
medium. Cell were seeded into the plate at 1 × 
105 per well. Transwell chambers (Corning, US) 
were filled with serum-free medium to make the 
final volume up to 0.2 mL in each well. Culture 
medium 10% FBS was then added into each 
lower chamber, followed by 12-hour incubation 
at 37°C. Medium in the chamber was removed, 
and the chamber was rinsed by PBS. Upper lay-
ered cells on the basal membrane were 
removed, followed by crystal violet staining for 
1 minute. Three randomly selected fields were 
counted for the number of migrated cells. 
Number of migrated cells = (Number of cells in 
all three fields)/3.

Transwell invasion assay

The membrane at the bottom of Transwell 
chamber was coated by 1:8 Matrigel (BD, US) 
followed by 1-hour incubation at room tempera-
ture. Different concentrations of garlicin (0, 0.5 
μM and 1.0 μM) were used to pre-treated 

each lower chamber, followed by 12-hour incu-
bation at 37°C. Medium in the chamber was 
removed, and the chamber was rinsed by PBS. 
Upper layered cells on the basal membrane 
were removed, followed by crystal violet stain-
ing for one minute. Three randomly selected 
fields were counted for the number of invaded 
cells. Number of invaded cells = (Number of 
cells in all three fields)/3.

Western blotting

Different concentrations of garlicin (0, 0.5 μM 
and 1.0 μM) were used to pre-treated HCCC-
9810 cells for 24 hours. Total proteins were 
then extracted from culture HCCC-9810 cells. 
After quantification, proteins were separated by 
SDS-PAGE. Followed by blocking, the mem-
brane was incubated with anti-phosph-AKT 
(1:1000, Santa Cruz) antibody, GAPDH (1:1000, 
Santa Cruz), MMP-2 (1:500; Santa Cruz ) or 
MMP-9 (1:500) for overnight incubation. On the 
next day, anti-mouse IgG conjugated with 
horseradish peroxidase (1:2000) was employed 
for one hour incubation. 

Statistical analysis

SPSS 19.0 software use used to collect all 
data. Measurement data were presented as 
mean ± standard deviation. Student t-test was 
used to compare means between groups. A 
statistical significance was defined when P < 
0.05.

Figure 1. Proliferation of HCCC-9810 cells under different concentrations of 
garlicin. *P < 0.05 compared to control group.
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the final volume up to 0.2 mL 
in each well. Culture medium 
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Results

Effect of garlicin on HCCC-9810 cell prolifera-
tion

Using MTT assay, we measured the survival 
rate of HCC-9810 cells under different concen-
trations of garlicin. Results showed that garlicin 
with concentrations higher than 1.5 μM signifi-
cantly depressed the survival of tumor cells (P 
< 0.05, Figure 1). In the following experiments, 
we thus used 0.5 μM and 1.0 μM garlicin to 
study its effects on cell migration and invasion, 
as it can minimize the interference from prolif-
erative effect.

Effects of garlicin on cell migration

Using Transwell assay, we found that both 0.5 
μM and 1.0 μM garlicin significantly suppressed 
the number of migrated cells per field com-
pared to control group (Control: 623.00 ± 
36.45; 0.5 μM garlicin: 168.00 ± 26.13; 1.0 
μM garlicin: 39.00 ± 11.00; P < 0.05; Figure 2). 
These results suggested the inhibitory effect of 
garlicin on migration ability of HCCC-9810 cells.

Cell invasion ability under garlicin

We further tested the invasiveness of HCCC-
9810 cells after 24-hour treatment using garli-

cin. Results showed significantly depressed 
invasive cell numbers after applying gradient 
concentrations of garlicin (Control: 574.00 ± 
31.32; 0.5 μM garlicin: 154.00 ± 22.98; 1.0 
μM garlicin: 36.00 ± 17.11; P < 0.05; Figure 3), 
suggesting the inhibition of HCCC-9810 cell 
invasiveness by garlicin. 

Mechanism of garlicin in regulating HCCC-
9810 cell proliferation and migration

We further tested the expression of AKT after 
24-hour treatment using different concentra-
tions of garlicin. Results showed decreased 
phosphorylated AKT protein level with increased 
concentrations of garlicin, while leaving total 
AKT protein level intact (Figure 4).

We further replenished the PI3K/AKT signaling 
pathway agonist IGF-1 (at 50 ng/mL) in addition 
to 0 or 0.5 μM garlicin to treat tumor cells. 24 
hours later, both migration and invasion abili-
ties of HCCC-9810 cells were further tested. 
Transwell migration assay showed significantly 
increased number of migrated cells after 
replenishing IGF-1, when compared to those 
cells treated with 1.0 μM garlicin only (Control: 
532.00 ± 29.87; 0.5 μM garlicin: 186.00 ± 
25.09; 1.0 μM garlicin + 50 ng/mL IGF-1: 
519.05 ± 31.10; P < 0.05 compared to garlicin 
group; Figure 5). Therefore, the inhibitory effect 

Figure 2. Cell migration under garlicin. A. Control group; B. 0.5 μM garlicin; C. 1.0 μM garlicin.

Figure 3. Cell invasion statuses. A. Control group; B. 0.5 μM garlicin; C. 1.0 μM garlicin.
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of garlicin on tumor cell migration was eliminat-
ed by IGF-1, suggesting that garlicin exerted its 
effects via PI3K/AKT signaling pathway.

Cell invasion assay obtained consistent results, 
as the number of invasive cells per field was 
significantly increased after replenishing 50 
ng/mL IGF-1 (Control: 504.00 ± 22.36; 0.5 μM 
garlicin: 167.00 ± 19.04; 1.0 μM garlicin + 50 
ng/mL IGF-1: 528.93 ± 18.11; P < 0.05 com-
pared to garlicin group; Figure 6). These results 
suggested the depressed inhibitory effect on 
tumor cell invasion by PI3K/AKT signaling path-
way agonist IGF-1.

Discussion

As one of the most common malignant tumors 
in liver, intrahepatic cholangiocarcinoma owns 
unfavorable prognosis, mainly due to the high 
rate of tumor invasion and metastasis [5-7]. 
Therefore, the development of novel drugs tar-
geting invasiveness of intrahepatic cholangio-
carcinoma is of critical importance for improv-
ing patients’ prognosis. Recently various evi-
dences have supported the significant inhibito-
ry role of garlicin on both occurrence and pro-
gression of dozens of tumors including glioma, 
pulmonary carcinoma and pancreatic cancer 
[1-4]. The correlation between garlicin and 
intrahepatic cholangiocarcinoma, however, 
remained poorly understood. This study thus 
utilized different concentrations of garlicin to 
treat HCCC-9810 cells, and found significant 
inhibition on tumor cell growth with garlicin con-
centration higher than 1.5 μM. Our results thus 
suggested the cytotoxicity of garlicin on intra-
hepatic cholangiocarcinoma cells, and can 
inhibit tumor growth.

formed. Results showed significant inhibitions 
on both tumor cell invasion and migration by 
increasing concentrations of garlicin, as consis-
tent with previous studies.

Tumor cell invasion and metastasis is a compli-
cated process involving multiple genetic fac-
tors [10-14]. Amount of studies confirmed the 
hyper-active status of PI3K/AKT signaling path-
way in multiple malignant tumors including cer-
vical cancer, pancreatic carcinoma, gastric can-
cer and esophageal cancer, along with impor-
tant roles in tumor invasion and metastasis 
[14-20]. PI3K/AKT signaling pathway can mod-
ulate the expression of cytoskeleton proteins, 
thus altering cell morphology and cell motility. 
In tumor cells, the activation of PI3K/AKT signal 
can cause the relevant change of cell morphol-
ogy, indicating certain correlation between sig-
naling pathway and tumor invasion [11-14]. The 
expression of p-AKT has been found to be relat-
ed with clinical indexes for invasiveness of 
endometrial cancer such as TNM stage. The 
significant elevation of p-AKT in those tumors 
with high metastatic potency suggested the 
facilitating role of PI3K/AKT signaling activation 
on tumor invasion [11]. The pharmaceutical 
antagonist of PI3K/AKT signaling pathway, 
LY294002, can significantly inhibit the invasive-
ness of prostate cancer cell lines including 
LNAcP, PC-3 and DU145, along with decreased 
expression of uPA and MMP-9 [11]. PI3K/AKT 
signaling pathway was also found to modulate 
GSK3β-phosphorylation induced cell migration 
and invasion [12]. Moreover, PI3K/AKT signal 
can regulate the invasion of pulmonary carci-
noma cell A459, featured with the up-regula-
tion of VEGF, suggesting the critical role of VEGF 

Figure 4. AKT protein expression level in garlicin treated cells. A. Representa-
tive Western blotting bands of p-AKT (top panels); total AKT (middle panels) and 
GAPDH (lower panels). B. Quantitative protein expression relative levels.

Currently few studies have 
been performed regarding 
the correlation between 
garlicin and tumor cell inva-
siveness. Previous reports 
have indicated the inhibito-
ry effects of garlicin on the 
invasion and/or adhesion 
of hepatocyte carcinoma 
[8] and glioma [9]. This 
study utilized garlicin to 
treat intrahepatic cholan-
giocarcinoma cells, on wh- 
ich Transwell invasion and 
migration assays were per-
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as the downstream target of PI3K/AKT in medi-
ating cancer invasion and metastasis [14]. In a 
further study on nude mice, NF-кB was found to 
be related with PI3K/AKT signaling pathway to 
regulate intracellular expression of E-cadherin 
and Snail for invasiveness of breast cancer 
cells [15]. Western blotting in this study showed 
depressed phosphorylation level of AKT after 
treating with garlicin, while leaving total AKT 
protein level unchanged. We also found the 
elimination of inhibitory effect on tumor cells 
after treatment using PI3K/AKT signaling path-
way agonist. All these results suggested the 
possible involvement of garlicin in mediating 
invasion and migration of intrahepatic cholan-
giocarcinoma via PI3K/AKT signaling pathway.

In summary, this study demonstrated the anti-
tumor potency of garlicin, possibly via mediat-
ing PI3K/AKT signaling pathway activity. Further 
studies, however, are required to investigate 
the downstream factor of PI3K/AKT signal, due 
to the complicated process involving in the 
invasion and migration of tumor cells.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Fubao Liu, De- 
partment of General Surgery, The First Affiliated 
Hospital of Medical University of Anhui, 218 Jixi 
Road, Hefei 230022, Anhui, China. Tel: +86-551-
62923191; Fax: +86-551-62923191; E-mail: nsifh-
fisty112@163.com

References

[1]	 Zhu JW, Chen T, Guan J, Liu WB, Liu J. 
Neuroprotective effects of allicin on spinal 
cord ischemia-reperfusion injury via improve-
ment of mitochondrial function in rabbits. 
Neurochem Int 2012; 61: 640-8.

[2]	 Zhang L, Zhang H, Miao Y, Wu S, Ye H, Yuan Y. 
Protective effect of allicin against acrylamide-
induced hepatocyte damage in vitro and in 
vivo. Food Chem Toxicol 2012; 50: 3306-12.

[3]	 Liu DS, Gao W, Liang ES, Wang SL, Lin WW, 
Zhang WD, Jia Q, Guo RC, Zhang JD. Effects of 
allicin on hyperhomocysteinemia-induced ex-
perimental vascular endothelial dysfunction. 
Eur J Pharmacol 2013; 714: 163-9.

[4]	 Chu YL, Ho CT, Chung JG, Raghu R, Lo YC, 
Sheen LY. Allicin induces anti-human liver can-
cer cells through the p53 gene modulating 
apoptosis and autophagy. J Agric Food Chem 
2013; 61: 9839-48.

[5]	 Chen ZA, Bao MY, Xu YF, Zha RP, Shi HB, Chen 
TY, He XH. Suppression of Human Liver Cancer 

Figure 5. HCCC-9810 cell migration after using IGF-1 and garlicin. A. Control group; B. 1.0 μM garlicin + 50 ng/mL 
IGF-1; C. 0.5 μM garlicin.

Figure 6. HCCC-9810 cell invasion after using IGF-1 and garlicin. A. Control group; B. 1.0 μM garlicin + 50 ng/mL 
IGF-1; C. 0.5 μM garlicin.

mailto:nsifhfisty112@163.com
mailto:nsifhfisty112@163.com


Garlicin in tumor invasion

14033	 Int J Clin Exp Pathol 2015;8(11):14028-14033

Cell Migration and Invasion via the GABAA 
Receptor. Cancer Biol Med 2012; 9: 90-8.

[6]	 Ding D, Lou X, Hua D, Yu W, Li L, Wang J, Gao F, 
Zhao N, Ren G, Li L, Lin B. Recurrent targeted 
genes of hepatitis B virus in the liver cancer 
genomes identified by a next-generation se-
quencing-based approach. PLoS Genet 2012; 
8: e1003065.

[7]	 Yu DS, Li Y, Huang XE, Lu YY, Wu XY, Liu J, Cao 
J, Xu X, Xiang J, Wang GP. Effect of portal vein 
chemotherapy on liver metastasis after surgi-
cal resection of colorectal cancer. Asian Pac J 
Cancer Prev 2012; 13: 4699-701.

[8]	 Sharifi-Rad J, Hoseini Alfatemi S, Sharifi Rad 
M, Iriti M. Antimicrobial Synergic Effect of Alli-
cin and Silver Nanoparticles on Skin Infection 
Caused by Methicillin-Resistant Staphylococ-
cus aureus spp. Ann Med Health Sci Res 2014; 
4: 863-8.

[9]	 Cha JH, Choi YJ, Cha SH, Choi CH, Cho WH. Al-
licin inhibits cell growth and induces apoptosis 
in U87MG human glioblastoma cells through 
an ERK-dependent pathway. Oncol Rep 2012; 
28: 41-8.

[10]	 Zhang Y, Wang SJ, Han ZH, Li YQ, Xue JH, Gao 
DF, Wu XS, Wang CX. PI3K/AKT signaling path-
way plays a role in enhancement of eNOS ac-
tivity by recombinant human angiotensin con-
verting enzyme 2 in human umbilical vein en-
dothelial cells. Int J Clin Exp Pathol 2014; 7: 
8112-7.

[11]	 Catasus L, Gallardo A, Cuatrecasas M, Prat J. 
Concomitant PI3K-AKT and p53 alterations in 
endometrial carcinomas are associated with 
poor prognosis. Mod Pathol 2009; 22: 522-9.

[12]	 Shukla S, Maclennan GT, Hartman DJ, Fu P, 
Resnick MI, Gupta S. Activation of PI3K-Akt sig-
naling pathway promotes prostate cancer cell 
invasion. Int J Cancer 2007; 121: 1424-32.

[13]	 Liu J, Zhang Y, Xu R, Du J, Hu Z, Yang L, Chen Y, 
Zhu Y, Gu L. PI3K/Akt-dependent phosphoryla-
tion of GSK3beta and activation of RhoA regu-
late Wnt5a-induced gastric cancer cell migra-
tion. Cell Signal 2013; 25: 447-56.

[14]	 Chetty C, Lakka SS, Bhoopathi P, Rao JS. MMP-
2 alters VEGF expression via alphaVbeta3 inte-
grin-mediated PI3K/AKT signaling in A549 
lung cancer cells. Int J Cancer 2010; 127: 
1081-95.

[15]	 Martelli AM, Tazzari PL, Tabellini G, Bortul R, 
Billi AM, Manzoli L, Ruggeri A, Conte R, Cocco 
L. A new selective AKT pharmacological inhibi-
tor reduces resistance to chemotherapeutic 
drugs, TRAIL, all-trans-retinoic acid, and ioniz-
ing radiation of human leukemia cells. 
Leukemia 2003; 17: 1794-805.

[16]	 Aala F, Yusuf UK, Jamal F, Rezaie S. 
Antimicrobial effects of allicin and ketocon-
azole on trichophyton rubrum under in vitro 
condition. Braz J Microbiol 2012; 43: 786-92.

[17]	 Khodavandi A, Alizadeh F, Harmal NS, Sidik 
SM, Othman F, Sekawi Z, Chong PP. Expression 
analysis of SIR2 and SAPs1-4 gene expression 
in Candida albicans treated with allicin com-
pared to fluconazole. Trop Biomed 2011; 28: 
589-98.

[18]	 Khodavandi A, Harmal NS, Alizadeh F, Scully 
OJ, Sidik SM, Othman F, Sekawi Z, Ng KP, 
Chong PP. Comparison between allicin and flu-
conazole in Candida albicans biofilm inhibition 
and in suppression of HWP1 gene expression. 
Phytomedicine 2011; 19: 56-63.

[19]	 Leng BF, Qiu JZ, Dai XH, Dong J, Wang JF, Luo 
MJ, Li HE, Niu XD, Zhang Y, Ai YX, Deng XM. 
Allicin reduces the production of alpha-toxin by 
Staphylococcus aureus. Molecules 2011; 16: 
7958-68.

[20]	 Tojo M, Kiyosawa H, Iwatsuki K, Kaneko F. 
Expression of a sonic hedgehog signal trans-
ducer, hedgehog-interacting protein, by human 
basal cell carcinoma. Br J Dermatol 2002; 
146: 69-73.


