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1  Introduction
Non melanoma skin carcinoma is the most common ma-

lignant tumor in humans that deriving from non-keratiniz-
ing cells and originates in the basal and squamous layers of 
the epidermis, most commonly known as basal cell carcino-
ma（BCC）and squamous cell carcinoma（SCC）respectively. 
Imiquimod is an immune response modifier1） and has been 
widely prescribed by dermatologists as a topical treatment, 
especially for curing skin conditions such as actinic kerato-
sis, skin warts, and carcinoma2）. Conversely, it is also 
known for its inflammatory-like side effects, such as severe 
skin inflammation3, 4）. In our earlier work, we demonstrated 
an interaction between fish oil and imiquimod5） to explain 
observations seen in the delivery of imiquimod from fish 
oil-based gel system. Through computational molecular 
modeling, the possibility of a complex formation between 
imiquimod and EPA fatty acid of fish oil through a π-σ in-
teraction between the aromatic ring of the drug and a long-
chain fatty acid was confirmed. Such interactions play an 
important role in biological systems and molecular recogni-
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tion6, 7） and may also help in reducing drug-related inflam-
matory side effects5）.

Fish oil is extracted from tissues of marine or fresh 
water fish and is a primary source of omega-3 fatty acids, 
especially eicosapentaenoic acid（EPA）and docosahexae-
noic acid（DHA）. The composition of omega-3 fatty acids 
depends on the body part of fish, method employed to 
extract the fish oil and source of fish. The omega-3 fatty 
acids, eicosapentaenoic acid（EPA）and docosahexaenoic 
acid（DHA）are associated with many beneficial pharmaco-
logical activities in various diseases, such as cardiovascular 
disease8）, breast cancer9）, and pancreatic cancer10）, and are 
also considered anti-inflammatory agents11, 12）. The aim of 
this study was to determine the immunomodulatory effec-
tiveness of imiquimod（IMQ）, imiquimod-fish oil mixture
（1:1 ratio by weight）combination（IMQ-FO）, EPA, and DHA 
against non-melanoma carcinoma cell lines.

Human squamous cell carcinoma cell line A431（ATCC® 
CRL-1555）and human basal cell carcinoma cell line TE 
354.T（ATCC® CRL-7762）cell line were used in this study. 
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Human squamous cell carcinoma cell line A431 has been 
widely studied in different fields of biomedical research13－17）, 
whereas very little work could be found on basal cell carci-
noma cell line TE 354.T18）. The study was divided into two 
sections, first the inhibitory ability of the IMQ, IMQ-FO, 
EPA and DHA on carcinoma cell line growth was deter-
mined through Alamar® blue assay and second, the immu-
nomodulatory effects of all these compounds were deter-
mined through immunoassay for cytokines such as 
interleukin-6（IL6）, interleukin-10（IL10）, and tumor necro-
sis factor-alpha（TNF-α）. These cytokines were analyzed 
because of their relationship with non-melanoma skin 
cancer, inflammation, and imiquimod itself19－21）.

2  Materials and methodology
2.1  Materials

Blackmores Fish Oil（42％ EPA and 21％ DHA）was pur-
chased from Blackmores（Warriewood, Australia）. Supelco® 
37 FAME mix, methyl eicosapentaenoate, methyl decosa-
hexaenoate analytical standards were purchased from Sig-
ma-Aldrich（St. Louis, USA）. Dulbecco’s modified eagle 
medium（DMEM, high glucose, with L-glutamine and 
phenol red, no HEPES, no sodium pyruvate）, fetal bovine 
serum（FBS）, trypsin-EDTA 0.25％ with phenol red, peni-
cillin-amphotericin B（Pen-Strep 1000 U/mL）, phosphate 
buffer solution（PBS 1X）, and Alamar® blue were obtained 
from Gibco®（Malaysia）. Imiquimod（R837）and trypan blue 
were purchased from Invivogen（USA）. Corning cell culture 
flasks, 24- and 96-well plates, disposable pipettes, dimeth-
ylsulfoxide（DMSO）, hydrochloric acid, acetone, absolute 
alcohol, and ethanol were obtained from Fisher Scientific
（Waltham, USA）. Human squamous cell carcinoma cell line 
A431（ATCC® CRL-1555）and human basal cell carcinoma 
cell line TE 354.T（ATCC® CRL-7762）were obtained from 
American Type Culture Collection（ATCC）（Singapore）and 
human ELISA kits for IL6, IL10 and TNF-α were obtained 
from Science cell（USA）.

2.2  Determination of Fish Oil Composition 
Determination of fatty acid composition in fish oil was 

conducted using a gas chromatography（GC）2010 instru-
ment（Shimadzu Corp., Kyoto, Japan）with a flame ioniza-
tion detector（FID）. The injector temperature was main-
tained at 250℃, and the detector temperature was 
maintained at 275℃. The temperature of the column was 
maintained at 180℃ for 2 minutes, and then it gradually 
increased to 240℃ at a rate of 4℃/min. Nitrogen was used 
as a carrier gas with a flow rate of 60 cm/s. Fatty acid 
methyl esters（FAMEs）were prepared by adding 0.5 mL of 
0.5 M anhydrous methanol-sodium methoxide solution was 
added to a solution of 5 mg of fish oil in 1 mL of hexane, in 
centrifuge tube（vortexed for 1 minute）. Aliquots of 1 μL 

FAME was injected into the highly polar cyanosiloxane 
column, SP-2380（30 mm×0.25 mm×0.20 μm film thick-
ness）from Supelco（USA）. Individual peaks in fish oil were 
identified by comparing their retention time with those of 
the retention time of Supelco analytical standards（Sigma-
Aldrich）. Individual EPA and DHA concentration was cal-
culated using the peak areas of the fatty acid that appear 
in the chromatogram as the relative percentage of the total 
peak areas of all the fatty acids in the oil sample.

2.3  Cell Viability
Cell viability was performed by Alamar® blue assay. 

Human squamous cell carcinoma（SCC）cell lines A431 and 
basal cell carcinoma（BCC）TE 354.T were maintained in 
DMEM supplemented with 10％ FBS. For the viability test, 
cells were seeded in 96-well plates at a density of 2.5×104 
cells/mL and left to incubate overnight. Cells were treated 
with serial dilutions of IMQ, IMQ-FO, EPA, and DHA for 24 
hours and then Alamar® blue assay was performed to de-
termine cell viability.

2.4    Immunomodulatory assays on human skin carcinoma 
cell lines

Enzyme-linked immunosorbent assays for IL6, IL10, and 
TNF-α were performed on BCC and SCC cell lines and the 
immunomodulatory effectiveness of IMQ, IMQ-FO, EPA, 
and DHA on these cell lines was determined. The cells 
were seeded in a 24-well plate using the technique de-
scribed above with a density of 3×105 cells/mL. The plates 
were prepared under aseptic conditions and left to incu-
bate overnight at 37℃ and 5％ CO2. The next day, cells 
were treated with IMQ, IMQ-FO, EPA, and DHA solutions 
and the plate was again incubated for 24 h. After incuba-
tion, the cell supernatant was collected and stored at  
－20℃ prior to the immunosorbent assay. In vitro analysis 
for quantitative measurement of human IL6, IL10, and 
TNF-α in carcinoma cell lines was performed using ELISA. 
All reagents were prepared according to the manufacturer’s 
protocol before performing the assay. 

2.5  Statistical analysis
Data are tabulated using Microsoft Excel 2015（Microsoft 

Corporation, Seattle）, and statistical analysis performed on 
IBM SPSS Statistics ver. 20（IBM Corporation, New York）. 
All results are expressed as mean±SD. Significant differ-
ences in study groups were evaluated using paired t-test. P 
value less than 0.05（p＜0.05）was considered significant. 

3  Results and discussion
3.1  Determination of Fish Oil Composition 

The GC analysis was conducted to analyze the composi-
tion of Blackmores® fish oil and its stated label claim（42％ 
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EPA and 21％ DHA）. The fish oil chromatograph revealed 
number of fatty acid peaks that were identified through 
their retention time with sigma analytical standards. The 
retention time for EPA and DHA was found to be 9.46 min 
and 12.16 min. The percentage of the EPA and DHA were 
calculated by the normalization method and the fish oil 
sample was found to contain 40.86％ EPA and 23.08％ 
DHA. Apart from EPA and DHA, other fatty acids found in 
fish oil and their retention time is given in Table 1. Analysis 
of fish oil composition was necessary in order to find out 
exact concentration of omega-3 fatty acids present inside 
it. Later in the study, this fish oil was used to prepare mix-
tures with the imiquimod and analyzed for its effectiveness 
against the carcinoma cell lines.

3.2  Cell viability assay of SCC and BCC cell lines
Cytotoxcity study was conducted to determine the ef-

fectiveness of IMQ, IMQ-FO combination, and omega-3 
fatty acids of fish oil（EPA and DHA）on skin carcinoma cell 
lines and to determine the concentration-dependent re-
sponse to the cell viability. It was observed that in SCC, 
IMQ-FO combination（only 150, 200 and 250 μg/mL con-
centrations）exhibited higher reduction in carcinoma cell 
viability as compared to IMQ（p＜0.05, paired t-test）（Fig. 
1）. To analyze the omega-3 fatty acids influence on SCC 
cell viability, carcinoma cells treated with EPA and DHA di-
lutions exhibited concentration dependent decline in cell 
viability of carcinoma cells. Thus it could be suggested that 
these fish oil omega-3 fatty acids were responsible for re-
duction in cell viability of SCC cell lines when treated with 
IMQ-FO combinations（Fig. 1）. In case of BCC, cells treated 
with IMQ-FO and IMQ dilutions showed similar inhibition 
to cell viability with very minimal difference was reported
（apart from 50 and 100 μg/mL concentrations）. Both EPA 
and DHA also showed their effectiveness against BCC, and 
exhibited concentration dependent decline in cell viability
（Fig. 2）. The cell viability studies suggested that the 
omega-3 fatty acids（pure EPA and DHA）are more potent 
than fish oil for their immunomodulatory activity against 

SCC and BCC. The lack of fish oil influence on imiquimod 
inhibitory activity might be due to the fact that the 
omega-3 fatty acids in fish oil are present as triglycerides, 
which might have reduced in their inhibitory activity as ob-
served in pure EPA and DHA alone.

3.3    Enzyme-linked immunosorbent assay for human skin 
carcinoma cell lines

Enzyme-linked immunosorbent assay was conducted to 
provide an insight into immunomodulatory influence of fish 

Table 1　Composition of fatty acids present in Blackmores® fish oil.

Fatty acid Retention time (min) Percentage (%)
Myristic acid 14:0  2.95  0.41
Palmitic acid 16:0  3.58  1.43
Stearic acid 18:0  4.54  0.62
Oleic acid 18:1  4.94 10.16
Linoleic acid 18:2  5.58  1.63
Linolenic acid 18:3  6.40  3.44
Arachidonic acid 20:4  8.30  2.31
Eicosapentaenoic acid 20:5  9.46 40.68
Docosahexaenoic acid 22:6 12.16 23.08

Fig. 1　�(a)  SCC cell  l ine viabil i ty (%) plot  for 
imiquimod (IMQ) and imiquimod-fish oil (IMQ-
FO) (mean ± SD, n=3, *p < 0.05, Paired t-test). 
( b )  S C C  c e l l  v i a b i l i t y  ( % )  p l o t  f o r 
e i c o s a p e n t a e n o i c  a c i d  ( E PA )  a n d 
docosahexaenoic acid (DHA) (mean ± SD, n=3, 
*p < 0.05, Paired t-test).
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oil with imiquimod and omega-3 fatty acids on SCC and 
BCC. It would also help to define the role of fish oil and 
omega-3 fatty acids in reducing the imiquimod-induced in-
flammatory side-effects.
3.3.1  Interleukin-6

IL6 is known to promote malignant skin growth of squa-
mous cell carcinoma22） and overexpression of IL6 has also 
been reported in basal cell carcinoma cells23）. IL6 expres-
sion in SCC and BCC cell lines was determined and con-
centration-dependent response was plotted for the IMQ 
and IMQ-FO mixtures. The BCC cells showed higher ex-
pression of IL6 than SCC cells. Both IMQ and IMQ-FO mix-
tures produced concentration-dependent decline in IL6 
expression, whereas IMQ-FO treatment resulted in higher 
inhibition than did treatment with IMQ alone（Fig. 3）. To 
understand the role of omega-3 fatty acids, carcinoma cells 
treated with EPA and DHA dilutions were also analyzed 
with immunoassay and it was found that both fatty acids 
produced a concentration-dependent decline in IL6, 
whereas DHA exhibited higher inhibition of IL6 than did 
EPA（Fig. 4）. It could be suggested that the omega-3 fatty 
acids offer a potential for IL6 inhibition in non-melanoma 
skin carcinoma and greater decline of IL6 production by 
IMQ-FO mixture compared to that of IMQ alone might 
again be due to omega-3 fatty acids, especially DHA（Fig. 
4）. 

3.3.2  Tumor necrosis factor
TNF-α is an important cytokine known for its pro-inflam-

matory activity and tumor progression. Therefore, TNF-α 
expression in SCC and BCC cell lines was determined and 
concentration-dependent response was plotted for the 
IMQ, IMQ-FO, and omega-3 fatty acids. Imiquimod is 
known for its inflammatory side effects3, 4）, and during the 
study IMQ concentrations appeared to increase the TNF-α 
expression in both carcinoma cell lines（Fig. 5）. Although 
fish oil is known for its anti-inflammatory activity11, 12）, but 
in this case it was unable to significantly reduce the TNF-α 
expression in cells treated with IMQ-FO mixtures（Fig. 5）. 
The lack of anti-inflammatory activity by fish oil could be 
due to the fact that the omega-3 fatty acids in fish oil are 
present in triglyceride form which might have reduced its 
activity versus pure EPA and DHA. Both omega-3 fatty 
acids, EPA and DHA, also exhibited concentration-depen-
dent decline of TNF-α expression in SCC and BCC, in 
which case EPA was appeared to be more effective in 

Fig. 2　�(a) BCC cell viability (%) plot for imiquimod 
(IMQ) and imiquimod-fish oil (IMQ-FO) (mean 
± SD, n=3, *p < 0.05, Paired t-test). (b) BCC 
cell viability (%) plot for EPA and DHA (mean 
± SD, n=3, *p < 0.05, Paired t-test).

Fig. 3　�(a) Concentration-dependent inhibitory effects 
of imiquimod (IMQ) on interleukin (IL)-6 
expressions in SCC cells. Imiquimod-fishoil 
( IMQ-FO)s igni f icant ly  suppressed  IL6 
expression compared to IMQ alone or control 
(*p < 0.05, Paired t-test). (b) Concentration-
dependent inhibitory effect of imiquimod (IMQ) 
on IL6 expression in BCC cells. Treatment with 
imiquimod-fish oil  (IMQ-FO) markedly 
suppressed IL6 expression compared to IMQ 
treatment alone or that observed for the control 
group BCC, but  the difference was not 
statistically significant.
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TNF-α inhibition compared to DHA（Fig. 6）. Localized 
TNF-α may cause tumor regression but its excessive sys-
temic presence might increase the risk of cancer develop-
ment and metastasis24）. Therefore, cancer and inflamma-
tion treatment has focused primarily on inhibition of 
TNF-α24, 25）. The omega-3 fatty acids in fish oil are known 
for their anti-inflammatory activity and also known to 
inhibit TNF-α production26, 27）. Therefore they could prove 
to be beneficial in treatment against skin carcinoma.
3.3.3  Interleukin-10

IL10 is an anti-inflammatory cytokine and offers an im-
munoregulatory effects known to downregulate pro-inflam-
matory cytokines such as IL6 and TNF-α19）. Therefore, it 
has been studied for its antitumor role in skin carcinogene-
sis28）. IL10 expression in SCC and BCC cell lines was deter-
mined and concentration-dependent response was plotted 
for the IMQ and IMQ-FO mixtures. Both IMQ and IMQ-FO 
produced concentration-dependent increases in IL10 ex-
pression, whereas IMQ-FO treatment resulted in greater 
production of IL10 than did treatment with IMQ（Fig. 7）. 

To understand the role of omega-3 fatty acids, carcinoma 
cells treated with EPA and DHA dilutions were also ana-
lyzed with immunoassay and it was found that both fatty 
acids produced a concentration-dependent increase in 
IL10 production, especially EPA（Fig. 8）. In our earlier 
work, we found that there is an interaction between EPA 
and imiquimod compound that could help in overcome the 
imiquimod related inflammatory side-effects5）. This EPA-
imiquimod lipophilic-complex forming tendency could also 
be utilized in treating skin cancer. Imiquimod and omega-3 
fatty acids are known to upregulate the production of 
IL1029, 30）. The combined influence of IMQ-FO produced a 
higher expression of IL10 than did IMQ, which could be 
due to the omega-3 fatty acids, especially EPA. IL10 is 
known to increase antitumor immunity and to inhibit tu-
mor-associated inflammation19）. Therefore, it can provide a 
balance between the inflammatory and immunopathologic 
activities of other Th1 cytokines31）. EPA has shown more 
potency in production of IL10 and, with IMQ, it could 
produce a combined or an additive antitumor effect against 
non-melanoma skin cancer.

Fig. 4　�(a) Omega-3 fatty acids inhibited interleukin 
( I L ) - 6  e x p r e s s i o n  i n  S C C  c e l l s  i n  a 
c o n c e n t r a t i o n - d e p e n d e n t  m a n n e r . 
Docosahexaenoic acid (DHA) significantly 
suppressed IL6 expression compared to 
eicosapentaenoic acid (EPA) treatment alone or 
control (*p < 0.05, Paired t-test). (b) Omega-3 
fatty acids inhibited IL6 expression in BCC cells 
in a concentration-dependent manner. DHA 
treatment markedly suppressed IL6 expression 
compared to EPA or to the findings of the 
control BCC cells (*p < 0.05, Paired t-test).

Fig. 5　�(a)  Concentra t ion-dependent  effects  of 
imiquimod (IMQ) on production of TNF-α in 
SCC cells. The difference in production of tumor 
necrosis factor (TNF)-α between cells treated 
with IMQ or imiquimod-fish oil (IMQ-FO) was 
not significant. (b) IMQ had concentration-
dependent effects on the production of TNF-α in 
BCC cells. The difference in production of 
TNF-α between cells treated with IMQ or IMQ-
FO was not significant.
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4  Conclusion
Imiquimod and fish oil are both immune response modi-

fiers and rather than directly killing the carcinoma cells 
they exert their inhibitory activity by modulating the cell 
immune response. Imiquimod, imiquimod-fish oil mixture, 
and omega-3 fatty acids EPA and DHA were monitored for 
their immunomodulatory role in human non-melanoma 
carcinoma cell lines. The imiquimod-fish oil and imiquimod 
alone exhibited similar inhibition of cell growth than did 
imiquimod alone, and IMQ-FO exhibited significantly 
higher concentration-dependent immunomodulation both 
in SCC and BCC cell lines. EPA and DHA also displayed 
growth inhibition of human skin carcinoma cell lines and 
immune-modulatory activity proportional to the fatty acids 
concentration. EPA and imiquimod both stimulate produc-
tion of IL10, an anti-inflammatory cytokine which increases 
the potential for an additive or combined action against 
cancer cells. Omega-3 fatty acids serve as inducers of IL10 
and suppressors of IL6, and TNF-α, which would not only 
depress tumor growth but would also serve as an adequate 
control of the inflammatory response of skin cancer. Thus 
it can be concluded that an imiquimod-fish oil combination 

can influence inhibition of non-melanoma skin carcinoma 
cells but further in vivo studies are needed to understand 
their role in skin cancer. Furthermore, as free EPA and 
DHA（as opposed to triglyceride forms）were proven to 
show better immunomodulatory activity against skin carci-
noma cell lines as compared to fish oil. Therefore imiqui-
mod should also be studied along with the combination of 
IMQ-EPA and IMQ-DHA to investigate the omega-3 fatty 
acid influence on the anti-cancer drug.
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