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Abstract. Dihydroartiminisin (DHA), the active component 
of a Chinese herb (Artemisia annua), has been utilised as an 
anti-malarial drug since ancient China. DHA has also been 
shown to inhibit proliferation of cancer in vitro. However, the 
capacity of DHA to inhibit the development of ovarian cancer 
is still unclear. The adhesion, invasion, and migration of 
human ovarian cancer cell line (HO8910PM) was determined 
following DHA treatment in vitro, using Matrigel coated plate, 
transwell membrane chamber, and wound healing models, 
respectively. A mouse ovarian cancer model was established 
by orthotopic inoculation of HO8910PM cell line in nude 
mice. The growth and metastasis in vivo was determined 8 
weeks post-implantation in response to DHA treatment. The 
expression of phosphorylated focal adhesion kinase (pFAK) 
and matrix metalloproteinases (MMP-2 and MMP-9) was 
evaluated using Western blotting. The expression of Von 
Willebrand factor (vWF) and infiltration of macrophages 
were determined, using immunohistochemistry. DHA inhibits 
ovarian cancer cell proliferation, adhesion, migration and 
invasion in vitro in a dose-dependent manner, consistent with 
decreased expression of pFAK and MMP-2, but not MMP-9. 
DHA inhibited metastasis significantly in vivo, associated 
with reduced vWF expression and macrophage infiltration. In 
conclusion, DHA inhibits the development of ovarian cancer, 
in part via down-regulating pFAK, MMP-2, vWF and macro-
phage infiltration.

Introduction

Artemisinin (Chinese name of Qing Hao Su), the active 
component of a Chinese herb Artemisia annua, has been 
utilised as an anti-malarial drug since the Han Dynasty 
(AC800) in China (1,2). Dihydroartemisinin (DHA), artesu-
nate and artemether are analogues of artemisinin that are still 
widely used for anti-malarial therapy (1). Artemisinin and its 
derivatives have recently been shown to inhibit proliferation 
of malignant tumours in vitro (3-6), including breast (6) and 
ovarian cancer cells (7). Importantly, no cytotoxicity of DHA 
was detected in non-malignant cells (6,7). Thus, DHA may 
be a useful anti-cancer drug, since it combines anti-cancer 
activity with minimal side effects, based on clinical data from 
anti-malaria therapy (3).

Ovarian cancer is a life-threatened disease in women, due 
to difficulty in early diagnosis and lack of effective treatment 
(8). Most advanced ovarian cancer patients develop peritoneal 
metastases with ascites, with <30% 5-year survival rate (9). 
The mortality of ovarian cancer is the highest among all 
gynaecological cancers around the world (8). Thus, the need 
for new, more effective therapies is clear, particularly targeting 
growth and metastasis of ovarian cancer.

No studies have yet been undertaken on the capacity of 
DHA to inhibit ovarian cancer cell growth and metastasis 
in vivo. The aim of this study was to investigate the ability of 
DHA to inhibit the growth and metastasis of a human ovarian 
cancer cell line, with high metastatic potential, orthotopically 
implanted onto the ovaries of nude mice. Additionally, the 
possible underlying mechanisms of metastasis, proliferation 
and invasion have been determined. The data obtained suggest 
that DHA or its analogues may be an effective therapy for 
ovarian cancer, and provide important background for future 
both basic research and clinical therapeutic strategic develop-
ment.

Materials and methods

Cell culture. The human ovarian epithelial cancer cell line 
HO8910PM with high metastasis potential, obtained from The 
Cell Bank, Chinese Academy of Sciences (10) was cultured in 
RPMI-1640 medium (Gibco, Shanghai, China), supplemented 
with 10% FBC (Gibco) and penicillin/streptomycin (1:100, 
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Sigma) in a humid atmosphere incubator with 5% CO2 at 37˚C. 
Unless otherwise indicated, cells were grown to 70% conflu-
ence, then serum-starved overnight in serum-free RPMI-1640 
medium prior to treatment (11).

Cell proliferation assay. HO-8910PM cell proliferation 
following DHA (Sigma) treatment for 24, 48 or 72 h, was 
assessed by Cell Counting Kit-8 (CCK-8) (Dojindo, Shanghai, 
China), according to the manufacturer's instructions. Briefly, 
3x103 cells were seeded into 96-well plates and incubated with 
DHA in the culture medium at various concentrations (250, 
100, 50, 25, 12.5, 6.3, 3.1, 1.6 and 0 µM), in triplicate. The 
control group was treated with 0.1% DMSO only, because 
DHA was dissolved in 0.1% DMSO. At each time point, 10 µl 
CCK-8 was added to each well and cultured at 37˚C for about 
2 h. The supernatant from the each well was collected for 
measurement of absorbance at 450 nm, using MK3 micro-
plate reader (Thermo). The inhibition rate of cell proliferation 
(see equation below) and IC50 (50% inhibiting concentration 
by non-linear regression fitting) was calculated. Proliferation 
rate (%) = [(Ac/Ae)/(Ac/Ab)] x 100%. Ae is the absorbance of 
culture medium in experiment wells (cells treated with DHA), 
Ac the absorbance of culture medium in control wells (cells 
without treatment with DHA) and Ab the absorbance of culture 
medium in blank wells (culture medium only, without cells).

Adhesion assay. The 96-well plates, dry-coated with Matrigel 
(BD Biosciences, Shanghai, China), were blocked with 1% 
BSA for non-specific binding for 1 h at room temperature.  
HO-8910PM cells (2x104), pre-treated with DHA (0, 25 or 
50 µM) for 48 h, were allowed to adhere to the Matrigel-coated 
well for 1 h at 37˚C. Non-adherent cells were removed by 5X 
washing with cold PBS. The adhesion rate was calculated by 
comparing the adherent cell numbers at different dosages vs. 
mock treatment.

Invasion assay. Cell motility was examined using a Boyden 
chamber apparatus. Briefly, HO-8910PM cells were harvested 
by trypsinization and resuspended in serum-free medium 
(3x105/ml). Cells (1x105/ml) were added into the upper wells 
of the Boyden chamber (Millicell, 8 µm pore size, 12-mm dia-
meter, Millipore), while DHA (0, 25, or 50 µM) was added to 
an inner cup of the Boyden chamber that had been coated with 
50 µl of Matrigel (1:6 dilution in serum-free medium). The 
RPMI-1640 medium with 20% FBC was added to the lower 
chamber. Cell invasion into the Matrigel was determined, 
following 48-h culture at 37˚C in a humid atmosphere incu-
bator containing 5% CO2. The membrane containing invading 
cells was methanol fixed, stained with hematoxylin-eosin 
(HE), and quantified by light microscopy, after removing non-
invading cells on the upper side of the membrane in the upper 
chamber with cotton swabs.

Migration assay. HO-8910PM cell migration was determined 
using a wound-healing motility assay. HO8910PM cells 
(4x104) were added to 6-well plate with DHA (0 or 25 µM) and 
incubated for 48 h. After scratching with a plastic cell scraper 
of fixed width, the monolayer of cells was washed 3 times with 
PBS to remove the detached cells. The remaining adherent 
cells were incubated in a humidified atmosphere with 5% CO2 

at 37˚C. Cell migration was determined by monitoring reduc-
tion in the width of the scaped zone at various time points for 
up to 48 h; the migration rate was calculated from the migra-
tion distance at different dosages compared to mock treatment, 
in triplicate.

Western blot analysis. HO-8910PM cells with treatment 
of DHA (0, 12.5, 25, 50 µM) for 48 h were harvested by 
washing with cold PBS. The HO-8910PM cells were lysed 
by RIPA (Roche, Shanghai, China) on ice for 30 min. The 
supernatant was collected after centrifugation at 14,000 rpm 
for 10 min at 4˚C. The protein concentration was determined 
by the Bradford method (12). Briefly, Western blot analysis 
was performed by transferring the protein samples to NC 
membrane (Millipore), after separation by electrophoresis 
on an 8% SDS-polyacrylamide gel. Non-specific binding 
was blocked with 10% dry milk in TBST for 1 h at room 
temperature. The membranes were then incubated with 
primary antibodies against human MMP-2 (1:1000), MMP-9 
(1:500), p-FAK (1:500), β-actin (1:1000; housekeeping protein) 
(Cell Signalling, Shanghai, China) and FAK (1:250) (R&D, 
Shanghai, China), in TBST with 5% milk powder overnight at 
4˚C. The secondary antibodies were applied at room tempera-
ture for 1 h, after 3 times washing with TBST. The expression 
of specific proteins was detected by an ECL Kit (Millipore) 
following the instructions from the manufacturer and visual-
ized by autoradiography with Hyper film (Millipore).

Determination of metastasis. Female athymic BALB/c nude 
mice, 5-week old, were obtained from the Chinese Academy 
of Sciences, as previously described (13). All animals were 
housed under conventional laboratory conditions with food 
and water ad libitum. Experiments adhered to the guidelines 
of the Shanghai Jiaotong University School of Medicine, 
Animal Ethics Committee (AEC).

Establishment of ovarian cancer in vivo. Nude mice were 
inoculated with 2x106 HO-8910PM cells in 100 µl of PBS on 
their back, to establish a viable solid tumour. The established 
tumour from the donor was then dissected into 1 mm3 pieces 
and, during laparotomy under anesthesia, one piece was 
implanted orthotopically on the right ovarian capsule of the 
recipient nude mouse, using a 6-0 surgical suture. The abdom-
inal wall was stitched with a 3-0 silk suture after returning the 
ovary to its original location.

To evaluate the anti-metastatic effect of DHA on ovarian 
cancer, a total of 10 female nude mice (5-week old) were 
randomly divided into experimental or control groups. Two 
weeks post-tumour inoculation, DHA (500 mM), dissolved 
in 400 µl DMSO in normal saline (1:30), was given intra-
peritoneally at 50 mg/kg dose, three times a week for 4 weeks; 
while the mock treated group was given vehicle only.

The size and number of the local and metastatic tumours 
were determined by mean tumour volume [MTV calculated 
by the equation: MTV = XY2/2, where X is the longitudinal 
and Y is the horizontal measurements (mm) of orthogonal 
measurements] (14) on 8 weeks post-implantation with/without 
treatments. For histopathological examination, the tissues were 
fixed in 10% neutral-buffered formalin and wax embedded. 
The sections were cut at 5 µm and stained with H&E.
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Immunohistochemistry. Paraffin sections (5 µm) were incu-
bated with rat anti-F4/80 (WEHI, Melbourne, Australia) or 
vWF (Dako, Australia) antibodies followed by a horseradish 
peroxidase (HRP)-conjugated rabbit anti-rat antibody (Dako), 
according to the manufacturer's instructions, as previously 
described (15). All sections were then visualized with 3,3' 
diaminobenzidine (DAB) (Dako), and lightly counterstained 
with hematoxylin.

Immunohistochemical quantifications were performed 
on digitized images using image analysis software ImagePro 
Plus 4.5 (Diagnostic Instruments, USA). The presence of 
monocytes/macrophages was assessed using anti-F4/80 anti-
body and the total number of positive cells were determined 
by [100% x (number of positive nuclei/total number of nuclei)].  
vWF positive cells were calculated and compared by density 
with ImagePro Plus 4.5.

Statistical analysis. Each experiment was repeated twice. All 
data are expressed as means ± standard error or division of the 
mean (SEM or SD). Data analysis was carried out by Student's 
t-tests and two-way ANOVA using the statistical program in 
GraphPad Prism Version 4.0 (GraphPad Software, San Diego, 
CA, USA). A value of P<0.05 was considered statistically 
significant.

Results

DHA inhibits the growth of human HO-8910PM cells 
in vitro. DHA significantly inhibited the cell proliferation of 
HO-8910PM cells in a dose-dependent manner (range from 
0-250 µM) at 24, 48 and 72 h in vitro (Fig. 1). Significantly 
greater inhibition of proliferation of HO-8910PM cells was 
observed following 48-h treatment with DHA in the range 
12.5-100  µM, compared to 24 and 72-h treatment. DHA 
(25-50 µM) exhibited approximately 50% growth inhibition of 
HO-8910PM cells (P<0.01).

DHA decreases adhesion. Matrigel contains almost all of 
the extra-cellular matrix (ECM) components and is a water 
soluble basement membrane preparation extracted from 
Engelbreth-Holm-Swarm (EHS) mouse sarcoma (16). DHA 

significantly inhibited cell adhesion of HO-8910PM cells in 
a dose-dependent manner (P<0.001), by approximately 25% 
at 25 µM and 40% at 50 µM, compared to the mock-treated 
groups (Fig. 2A).

DHA inhibits invasion. Invasion is among the most signifi-
cant biological characteristics of malignant tumours. The 
capacity of DHA to inhibit tumour invasion was determined in 
HO-8910PM cells using a cell invasion assay. DHA treatment 
(0-50 µM) resulted in a significant (P<0.001) dose-dependent 
decline in adhesion rate, demonstrating decreased invasive 
ability of the HO-8910PM cells (Fig. 2B).

DHA inhibits migration. After 48 h of wound healing, our 
data showed that DHA significantly inhibited the migration 
of HO-8910PM cells in a dose-dependent manner (Fig. 2C).  
Mock-treated HO-8910PM cells had filled 30% of the gap, 
while cells treated with DHA 25 µM filled only 10% (Fig. 2C).  

DHA regulates FAK, p-FAK, MMP-2 and MMP-9. The 
active, phosphorylated form of focal adhesion kinase (p-FAK) 
is a non-receptor protein tyrosine kinase that is involved in 
cell-ECM interactions, migration, proliferation, survival 

Figure 1. Proliferation rate of HO-8910PM cells following DHA treatment for 
24, 48 and 72 h. Mean ± SEM. *P<0.05, **P< 0.01 and ***P<0.001. Cytotoxicity 
was determined by CCK-8 as described. 

Figure 2. Cellular adhesion (A), invasion (B) and migration (C) of HO-8910PM 
cells were inhibited by DHA at different dosages. The adhesion rate was 
determined by using CCK-8. Cellular invasion rate was determined using 
the Transwell apparatus method. Cellular migration rate was monitored by 
phase-contrast microscopy (x100) following 18 and 24-h DHA treatment. (D) 
DMSO mean ± SEM. *P<0.05, **P<0.01 and ***P<0.001.

https://www.spandidos-publications.com/10.3892/or.2011.1505
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and metastasis (17,18). The extent of p-FAK overexpression 
correlates with increased metastasis and decreased survival in 
human ovarian cancer (17,18). Using Western blot assay, DHA 
(at various dosages 12.5, 25, 50 µM, 48-h treatment) down-
regulated p-FAK expression significantly in a dose-dependent 
manner, while FAK expression changed only at 50 µM DHA 
treatment (Fig. 3).

MMP-2 and MMP-9 degrades components of the extracel-
lular matrix (ECM) proteins, contributing to tumour invasion 
and metastasis (19,20). DHA (12.5, 25, 50 µM, 48-h treat-
ment) decreased MMP-2 expressions at the protein level in 

HO-8910PM cells in a dose-dependent manner, but did not 
alter MMP-9 expressions, using a Western blot assay (Fig. 3). 

DHA inhibits metastasis in vivo. All the mice (100%, 10/10) 
developed bloody ascites two weeks post orthotopic tumour 
implantation in both DHA (50  mg/kg) and mock treated 
groups (Fig. 4A and B). No significant difference in orthotopic 
ovary tumour size was observed between DHA and mock 
treated groups (1078.2±549.6 mm3 vs. 1154.9±786.5 mm3) 

Figure 3. The levels of protein expression in HO8910-PM ovarian cancer 
cells following Mock and DHA treatments: FAK, pFAK, MMP-2, MMP-9; 
β-actin was used as control.

Figure 4. The metastasis of HO-8910PM ovarian cancer cells inoculated 
in the nude mice following mock- (A and C) or DHA-treatment (B and D). 
Inoculated ovarian tumour (black arrow) metastasised to intestine, liver, and 
peritoneum (white arrows). Fewer and smaller metastases were observed in 
the DHA-treated group (C vs. D).

Figure 5. Histopathology of DHA and mock-treated groups from HO-8910PM 
inoculated ovarian tumour. The slides were HE stained and visualized at x4, 
x10 or x20. Histology of the inoculated ovarian tumour showed malignant 
papillary serous adenocarcinoma (A and B). Tumour cells metastasize to the 
lung (C and D) with arrows, liver (E and F), intestine (G and H), spleen (I and 
J) and pancreas (K and L).
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(black arrows, Fig. 4C and D). Metastases were detected in 
all mice (5/5) of mock treated group; in the peritoneum (5/5), 
contralateral ovary (2/5), intestine (5/5), liver (2/5), and spleen 
(1/5) (white arrows, Fig. 4C). Metastases in DHA treated group 
was: peritoneum (3/5), intestine (5/5) and liver metastasis (3/5) 
(white arrow, Fig. 4D).

Histopathology. The orthotopic tumours demonstrated similar 
histopathological features to malignant papillary serous 
adenocarcinoma of the ovary (Fig. 5A and B). No obvious 
metastatic lesion was observed macroscopically in the lung 
with/without DHA treatment. However, substantially fewer 
metastases were detected under microscopic examination in 
the lung from the mock treated compared to the DHA treated 
animals (Fig. 5C and D). There were significantly more and 
larger metastases observed in the liver from the mock treated 
mice compared to the DHA treated animals (Fig. 5E and F). 
There were macroscopic metastatic lesions detected in the 
intestine from both mock and DHA treated animals, but more 
invasive lesions were detected in the mock treated group, that 
were larger in size and more deeply invasive, compared to the 
DHA treated group (Fig. 5G and H). Metastases were observed 
on the peritoneal covering of the spleen, but no direct invasion 
of the pancreas was detected (Fig. 5I and J) for either mock or 
the DHA treated group. Similar numbers of metastatic lesions 
were observed on the capsular surface of the pancrease, but 
microscopic analysis revealed that in the mock treated animals 
metastases were more invasive, through the splenic capsule, 

and larger (Fig. 5K), compared to the DHA treated spleens 
(Fig. 5L).

Immunohistochemistry staining for vWF and macrophage. 
To investigate whether DHA inhibits neovascularisation, vWF 
was evaluated using immunohistochemistry. DHA suppressed 
vWF expression significantly in cancer lesions (liver, lung, 
intestine and the inoculated site) compared with the mock 
treatment group (Fig. 6). The vWF expression in the liver, lung, 
intestine and the inoculated tumour following DHA treatment 
was ~20, ~10, ~30 and ~50% of the values obtained for the 
mock treated group (P<0.001), respectively.

Furthermore, to investigate the relationship between 
macrophage infiltration and tumour metastasis, the number of 
infiltrating macrophages was determined. There was a signifi-
cant suppression of macrophage infiltration in the metastatic 
lesions following DHA treatment, compared to that of the 
mock treated group. The suppressed recruitment of macro-
phages in the liver, lung, intestine and inoculated tumour from 
DHA treated group was ~20, ~10, ~30 and ~50%, compared to 
that of the mock treated group (P<0.001), respectively (Fig. 7).

Discussion

The current study demonstrated that DHA inhibits the growth 
of human epithelial ovarian cancer in  vitro by reducing 
proliferation, adhesion, invasion and migration via decreasing 
expression of MMP-2 and p-FAK in a dose- and time-depen-

Figure 6. vWF immunohistostaining of inoculated and metastatic tumour following Mock (b) and DHA (c) treatment. The expression of vWF (a) was signifi-
cantly decreased in metastases to the liver (A), lung (B) and intestine (C), and in the inoculated site (D) following treatment with DHA compared to Mock 
treatment (P<0.001).

https://www.spandidos-publications.com/10.3892/or.2011.1505


WU et al:  DHA INHIBITS THE DEVELOPMENT AND METASTASIS OF OVARIAN CANCER106

dent manner. Furthermore, DHA suppressed the growth and 
metastasis of orthotopic tumour in vivo, correlating with the 
down-regulation of macrophage infiltration and vWF expres-
sion.

The overall development of cancer and progression to 
metastasis is closely dependent on adhesion, migration, 
invasion and angiogenesis (13,21). Cell adhesion is critical 
for cancer cell proliferation, migration, invasion, as well as 
metastasis (21). After detachment, tumour cells separate and 
adhere through membrane receptors for invasion and migra-
tion (13,21). Our data show that DHA inhibits ovarian cancer 
via reducing the proliferation and adhesion of ovarian epithe-
lial cancer cells in vitro. These data are consistent with other 
findings that DHA is able to inhibit the proliferation of several 
other malignant cell lines (3-7,22-25).

Invasion and migration of cancer cells are essential steps 
during tumourgenesis following adhesion. Our results showed 
that DHA inhibited cell migration and invasion significantly 
in human ovarian cancer cells in a dose-dependent manner, 
which is in line with the findings that DHA inhibited migra-
tion of melanoma cells (22) and sarcoma cells (26). Tan et al, 
however, reported that DHA had no effect on human ovarian 
cancer cell line SKOV3 (27). The discrepancy between our 
findings and their results may be due to different character-
istics of these cancer cell lines, and/or different dosages. Our 
ovarian cancer cell line (HO8910PM) has higher metastatic 
potential compared to other ovarian cancer cell lines (10), and 

is consequently more suitable for investigating the effect of 
DHA on metastasis.

DHA was also able to inhibit ovarian cancer cell 
(HO8910PM) growth and metastasis, following ovarian 
orthotopic transplantation, in vivo, probably via inhibiting 
proliferation, which is supported by our findings in vitro, 
and also consistent with other reports in papilloma virus-
expressing epithelial (28), lung cancer (29), pancreas cancer 
(30) and hepatoma (23) in vivo. The dosage of DHA from our 
current experiment is 50 mg/kg, which is about the mid-range 
of dosages used in the literature. Future studies with larger 
numbers of mice will determine the optimal therapeutic dose 
of DHA.

Molecules and pathways shown to be involved with the 
processes of adhesion, migration and invasion of tumour cells 
include laminin, MMPs/TIMPs, integrins and FAK (19,31). 
FAK is important in cell-ECM interactions and its phosphory-
lated form (pFAK) plays an important role in malignant cell 
migration, proliferation, and survival (31,32). Our observation 
that pFAK, but not FAK, was reduced following DHA treat-
ment is consistent with inhibition of metastasis of our ovarian 
cancer cell line in vivo. Thus, our findings suggest that DHA 
inhibits ovarian cancer metastasis via the pFAK pathway.  
Up-regulated expression of MMPs is required for cancer cell 
invasion and metastasis through the extracellular matrix and 
basement membrane (13,19,33). The levels of MMP-2 and 
MMP-9 expression by tumours are closely related to their 

Figure 7. Macrophage immunohistostaining (white arrows) of inoculated and metastatic tumour following Mock (b) or DHA (c) treatment. Macrophage 
infiltration (a) was significantly decreased in metastases to the liver (A), lung (B) and intestine (C), and in the inoculated site (D) following treatment with 
DHA compared to Mock treatment (P<0.001).
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metastatic potential (19). Our study demonstrated that DHA 
inhibit production of MMP-2 only, suggesting that DHA 
may differentially regulate MMPs and inhibit ovarian cancer 
metastasis via the MMP-2 pathway. Our data are consistent 
with the previous observation that inhibition of cell migration 
by artemisinin (an analogue of DHA) was associated with 
decreased expression of MMP-2 (22). On the other hand, 
MMP-9 is highly up-regulated in ovarian cancer, particularly 
in metastases (19). Our data showed that MMP-9 production 
was not inhibited by DHA treatment, while Anfosso et al 
found that artermisinin inhibited the expression of MMP-9 
in cancer cells (33). The difference between these findings 
may be due to different cell lines and/or different treatments.  
Taken together, the MMP family may be a key target of DHA 
in the treatment of human ovarian cancer.

Angiogenesis is another objective factor predicting malig-
nant prognosis (34) for overall and disease-free survival in 
advanced ovarian cancer (35,36). It has been demonstrated 
in our study that DHA significantly suppressed expression of 
vWF, reflecting reduced neovascularisation, in both the inocu-
lated site and metastatic tissues, compared to mock treatment.  
These findings provide evidence that the anti-tumour effects of 
DHA in ovarian cancer may also be mediated through inhibi-
tion of neovascularisation.

Finally, macrophages in the tumour microenvironment are 
designated as tumour-associated macrophages, and are associ-
ated with several pro-tumour functions, e.g. secretion of growth 
factors and matrix proteases, promotion of angiogenesis and 
suppression of adaptive immunity (37,38). Macrophages also 
contribute to tumour dissemination via up-regulating tumour 
cell adhesion molecules on the peritoneal mesothelium, and 
releasing growth factors and invasive proteases (39,40). These 
reports are consistent with our findings that DHA substantially 
suppresses macrophage infiltration in both the inoculated 
and metastatic sites (liver, lung and intestine), compared to 
the mock treatment group. Thus, suppression of macrophage 
infiltration may be another mechanism by which DHA inhibits 
metastasis in vivo, and suggests another mechanism of carci-
nogenesis that could be a therapeutic target.

In conclusion, DHA suppresses human epithelial ovarian 
cancer cell proliferation, adhesion, invasion and migration 
in vitro, via the FAK and MMP pathways; and also inhibits 
growth and metastasis of ovarian cancer in vivo, via inhibiting 
neovascularisation and macrophage infiltration. Based on 
the use of DHA as an anti-malarial, it has an excellent safety 
profile and has few side effects, and has minimal effects on 
the growth of normal ovarian cells in  vitro (6,7). Thus, a 
DHA-based drug may become a reliable alternative for the 
treatment of ovarian cancer, compared to the current standard 
anti-cancer therapy. Further details of the precise mechanism 
of action of this class of drugs remains to be explored.
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