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Introduction 
Global cancer incidence and mortality rates are high and elevating. 

Worldwide, it is estimated that the annual number of cancer diagnoses 
will promote to 22 million by 2032.1 In spite of progress made in 
cancer chemotherapy, advanced solid tumors consisting of advanced 
carcinomas, sarcomas, melanoma, and glioblastoms, yet show wide 
problems in their treatment and traditional therapeutic agents alone 
have not produced satisfactory long-term clinical outcomes.2,3 Also, 
in those cases which the tumor has seemingly been eliminated fully, 
micro-metastases of inactive tumor cells often result to relapse and 
to therapeutic failing. Hence, considering the problems of scape and 
survival to cancer progress, most oncologists have concluded that no 
unique therapy is enough to treatment of cancer.4,5 

Dietary fish oil has been demonstrated to have useful impacts on 
some chronic degenerative disease like cancer.6 The useful impacts 
of fish oil appear to be resulted from its high content of the omega-3 
fatty acids such as eicosapentaenoic acid (EPA) and docosahexaenoic 
acid (DHA).6 Some investigations have shown the ability of EPA and 
DHA to affect cancer proliferation,7 apoptosis,7 and differentiation,7 
also to inhibit angiogenesis,8 tumor cell invasion,9 and metastasis.10 
Such data propose that EPA and DHA can both make anti-tumor 
activity potentially representing an effectual adjuvant in cancer 
chemotherapy and improve some of the secondary difficulties related 
to cancer, such as cachexia.10,11 Evidence exists on the effectiveness 
of omega-3 polyunsaturated fatty acid DHA as anti-cancer adjuvant, 
with specific attention to its ability both to increase the uptake of anti-
cancer drugs, particularly in cells otherwise resistant to these drugs, 
and to enhance the pro-oxidant and pro-apoptotic effectiveness of 
some chemotherapeutic factors.11 This paper investigates the potential 
consumption of omega-3 polyunsaturated fatty acids EPA and DHA 
as adjuvant to ameliorate the effectiveness of anticancer treatment.12 

DHA as adjuvant to ameliorate tumor cell cytotoxicity 
resulted from oxidative stress

Some studies demonstrate that high levels of mitochondrial 
reactive oxygen species (ROS) creation are indispensable for 
cellular proliferation and tumorigenesis. ROS can influence on target 
gene expression via phosphorylation, activation and oxidation of 

transcription factors such as APEX1, NF-kB, P53, and HIF-1α.13–15 
Furthermore, ROS can oxidize and suppress signaling molecules 
like P38 mitogen-activated protein kinase (MAPK) phosphatase, 
leading to increased proliferation and survival of cancer cells.16 
Although different anti-cancer drugs initially lead to ROS creation, 
in most cancer cells the long-term treatment with these drugs 
decreases the levels of ROS, leading to drug-resistance.17,18 Therefore, 
drug-combination therapies might be a good plan to enhance the 
effectiveness of common anti-cancer treatments by acting as follows: 
1) keeping higher ROS levels in cancer cells, thereby preventing drug 
resistance; 2) decreasing cancer endogenous antioxidant defense; 3) 
promoting drug uptake and hence apoptosis.11 

One study indicated DHA dose-dependently promoted reactive 
species generation and thus membrane lipid peroxidation, in HT-
29 and Caco-2 colon carcinoma cells.19 In addition, some studies 
indicate that this impact was increased when DHA was administered 
in combined with some chemotherapeutic factors. It has been 
demonstrated that in vitro administration of DHA ameliorated 
adryamicin uptake, cytotoxicity towards L1210 murine leukemia cells 
and enhanced tumor cell lipid peroxidation and oxidative injury.20 
Some observations propose that DHA may be able to enhancing the 
absorption of anticancer drugs in both resistant and sensible cells and 
that the incorporated DHA-mediated lipid peroxidation may result to 
greater cytotoxic impact in compared with chemotherapy alone. But, 
the enhanced drug absorption by DHA was not observed in all tumor 
cell models. Indeed, though it has been indicated that DHA is able to 
enhance doxorubicin uptake in doxorubicin resistant mouse leukemia 
cells21 and in MDA-MB-231 and MCF-7dox human breast carcinoma 
cell lines, the same effect has not been demonstrated in parental MCF-
7 human breast carcinoma cells.22 The inconclusive results might be 
resulted from the fact that various cell lines might have various cellular 
features, like membrane formation and configuration. However, even 
if DHA does not perform in some cells as a drug uptake enhancer, 
it can make cells more susceptible to oxidative injury made by 
exogenous factors. Hence, in some cases, DHA can lead to exceed the 
maximum threshold of ROS tolerability in cancer cells.23 

Some evidence proposes the proapoptotic effect of DHA, both 
alone and/or in combined with anti-cancer chemotherapies.11 The 
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Abstract

The results of animal studies have shown that the consumption of omega-3 fatty 
acids can reduce the inflammatory biomarkers, enhance the efficacy of chemotherapy 
and decrease the side effects of the chemotherapy or of the cancer. Studies in human 
populations have associated high intake of fish or fish oil to decreased risk of some 
cancers. In this review we discuss the reasons for using omega-3 polyunsaturated fatty 
acids as adjuvant to ameliorate the efficacy of anticancer treatment.
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apoptotic impact of DHA seems to happen via both the intrinsic 
and extrinsic pathways.24 This effect is more emphasized by the 
fact that DHA appears to be a strong inducer of apoptosis only in 
cancer cells but not in normal cells. For example, it performs as a 
pro-apoptotic agent in colon cancer cells, while no significant pro-
apoptotic impact was seen in the NCM460 normal human colon 
mucosal epithelial cell line.25 It has been indicated the pro-apoptotic 
effect of DHA is performed by various ways, consisting of the 
induction of lipid peroxidation and oxidative stress. Also, DHA can 
be quickly absorbed by mitochondrial membranes, changing their 
permeability and reducing the mitochondrial membrane potential.26,27 
The impacts have been demonstrated in DHA-combined treatment 
with 5-fluorouracil, oxaliplatin and irinotecan in HT-29 human 
colorectal adenocarcinoma cells. The anti-cancer effect of DHA, 
observed in presence of low doses of chemotherapeutic agents, was 
performed first by loss of mitochondrial membrane potential and then 
via caspase-9 activation.28–32

Omega-3 polyunsaturated fatty acids as adjuvant 
to ameliorate the anti-metastatic effectiveness of 
anticancer therapies

Tumor metastasis is the main reason of mortality in most cancer 
patients and hence the most life-threatening aspect facet of various 
kinds of tumors. Some evidence suggests that the intake of omega-3 
polyunsaturated fatty acids and especially DHA impede not only the 
initiation of many types of tumors but also their development, in that 
it prevents metastases of murine and human tumors in vivo.33–36 In 
fact, marine fatty acid (EPA and DHA) intake is related to decrease 
all case mortality in patients with breast cancer.37 Moreover, there 
is some evidence that DHA promotes the anti-metastatic impact of 
anticancer drugs or other chemical agents.10,38,39 In 1994, Rose et 
al. began certain investigations about the impacts of dietary fish oil 
omega-3 polyunsaturated fatty acids, on the growth and metastases 
of MDA-MB-435 human breast cancer cells in female nude mice.40 
Animals received three isocaloric diets containing 23% total fat but 
various ratio of corn oil (rich in linoleic acid) and menhaden oil (rich 
in DHA and EPA).34,40 The researchers found that, in opposite to mice 
fed diets rich in linoleic acid, mice receiving diets supplemented with 
DHA or EPA indicated an important inhibition of both primary tumor 
growth rate and lung metastasis incident and severity proposing a role 
for DHA and EPA in the suppression not only for tumor growth but 
also of metastasing of human breast cancer cells.40,41 These researchers 
evaluated tumor responses to DHA or EPA supplementation after 
surgical excision of the primary tumors. They reported DHA, but 
not EPA, significantly decreased lung involvement after the surgical 
excision.42 Thus, according to these results, the researchers proposed 
that omega-3 polyunsaturated fatty acids and especially DHA may 
have an importance in nutritional therapy of breast cancer as part 
of both adjuvant and post-excision adjuvant anti-metastatic diet. In 
another study, by using purified DHA in a murine mammary metastatic 
tumor model,43 the researchers reported that DHA inhibited not only 
the growth but also metastasis of the MM48 murine mammary tumor 
transplanted in to C3H/He mice. In another investigation, using a 
mouse model of human breast cancer cell metastasis to bone, it was 
indicated that dietary fish oil EPA and DHA inhibited the genesis of 
osteolytic lesions in bone, proposing a useful impact of omega-3 fatty 
acids EPA and DHA on breast cancer cell metastasis to bone.44

The anti-metastatic feature of DHA was also evaluated by use 
of different animal models of colon cancer metastases. It has been 
indicated that dietary marine oil (EPA and DHA) prevented the 

growth and the pulmonary colonization of a transplantable colon 
tumor implanted in the colon of male Balblc mice.33 In another 
investigation, by use the same subcutaneous implanted highly 
metastatic colon carcinoma 26 model, it was reported that a DHA 
rich diet, when administered with tumor cells, notably inhibited 
lung metastasis. Furthermore, they showed that in vivo DHA-treated 
tumor cells kept their low potential for lung colony formation when 
moved to new hosts, suggesting that the impact of DHA was exerted 
directly on the metastatic capability of tumor cell.45,46 Gleissman 
et al.,36 demonstrated that DHA, given daily by gavage in atymic 
rats, retarded the development of established aggressive human 
neuroblastoma xenografts. The molecular mechanisms by which DHA 
may influence the metastatic capacity of tumors remain unknown. 
However, a number of molecular mechanisms have been suggested. 
Incorporation of DHA in the tumor cell membrane leads to alter in its 
lipid constitution, which might create plasma membrane notably less 
fluid and less deformable.47 Hence, it has been suggested that the anti-
metastatic effect of DHA may be associated with noticeable alterations 
in the fatty acid composition of tumor cell, which damage tumor cell 
membrane and reduce the capability to metastasize.40,45 Mandel et al. 
by use of the mouse model of human breast cancer cell metastasis to 
bone indicated that fish oil supplementation significantly suppressed 
mRNA and protein levels of the cell-surface CD44 adhesion molecule 
in the MDA-MB-231 tumors, hence recognizing a novel performance 
for DHA in tumor cells that is the targeting of the cell-intrinsic 
pro-metastatic CD44 molecule expression.44 Some other targets of 
DHA consisting of cyclooxygenase-2 (COX2), NF-kB, MAPK, 
peroxisome proliferator activated receptor- 𝛾 (PPAR- 𝛾), Akt, and 
B-cell lymphoma/Bcl-2 related X protein (BCL-2/BAX) play a major 
role in the inhibition of metastases and some reviews are available 
on their implication in DHA impact on tumor cell proliferation,48 
angiogenesis,8 and immune system response,49 all crucial events in the 
metastatic course.

Omega-3 polyunsaturated fatty acids and tumor cell 
invasion

In a study about the impact of DHA on tumor cell invasion, 
Connolly and Rose, by using an in vitro invasion test, evaluated the 
impact of linoleic acid, EPA, and DHA on the invasion ability of the 
MDA-MB-435 human breast cancer cell line. They indicated that 
though all these fatty acids did not impact on the migration of tumor 
cells, DHA and EPA, but not linoleic acid, significantly suppressed 
the invasion of tumor cells.29 Other researchers evaluated the anti-
invasion impact of combining DHA with other nutritional agent such 
as genistein.10 Genistein is an isoflavonoid isolated from soybean, 
has been demonstrated to exert anticancer effects. These researchers 
assayed the combination of DHA and genistein for the synergistic 
suppression of cell invasiveness, inhibition of PGE2 production 
and COX2 expression in cancer cells. In fact, their data indicated a 
synergistic impact of genistein and DHA in inhibiting cell invasiveness 
and endogenous production of PGE2.10 The anti-invasive effect of 
DHA was also evaluated by using other kinds of experimental tumor 
models. One study indicated that DHA significantly suppressed the 
invasion of caki-1 cell carcinoma cell line.30 In the 70W human 
melanoma cell line (brain metastatic melanoma in nude mice), 
the researchers indicated DHA reduced invasion and this impact 
was associated with the suppression of COX2 expression, that 
consequently downregulated PGE2 production.31 Another study 
reported that DHA prevented migration and invasion of the Bel-7402 
human hepatocellular carcinoma cell line.32 
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Conclusion
In conclusion, it seems that combination therapy of omega-3 

polyunsaturated fatty acids and antitumor drugs may enhance the 
cytotoxic effectiveness of drug treatment alone, because it should 
allow cancer cells to keep higher levels of ROS, decrease endogenous 
antioxidant tumor cell defenses, and enhance drug uptake. Since the 
population of cancer patients has had an increasing trend during the 
last century, finding a useful nutritional intervention to promote the 
response to treatment with fewer side effects can improve the quality 
of life in these patients. 
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