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Abstract
Background and Objective: Short chain free fatty acids (SCFAs) like butyrate, propionate and acetate are produced by microbiota in the
gut. SCFAs have been shown to exert their metabolic effects through their cognate receptors (FFAR2 and FFAR3). These receptors are
abundantly expressed in colonic epithelium and several studies have shown that these receptors play an important role in the metabolic
homeostasis of colonic epithelial cells and are possibly involved in colorectal carcinogenesis. This study was initiated to understand the
role of FFAR3 gene in colorectal cancer cell growth and proliferation. Materials and Methods: The HCT116 colorectal cancer cell line was
engineered to develop stable FFAR3 knockdown using shRNA mediated gene silencing technology. Down regulation of FFAR3 mRNA
was confirmed by RT-PCR and consequences of FFAR3 down regulation on cell growth and proliferation were analyzed. Results: The data
revealed that FFAR3 down regulation had no impact on proliferation and growth rate of engineered HCT116 cells. Moreover, FFAR3
knockdown cells did not show any difference in the glucose uptake rate or cyclic adenosine monophosphate (cAMP) levels as compared
to control cells. The most likely explanation of lack of FFAR3 effect on HCT116 cell metabolism was that FFAR2 compensated for the loss
of FFAR3 and maintained the functionality of SCFAs. Conclusion: This study showed that FFAR3 gene alone does not impact growth and
cell proliferation of colorectal cancers. Further studies are needed to fully understand the role of FFAR3 by using double knockdown cells
(FFAR2/FFAR3).
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INTRODUCTION

Colorectal cancer (CRC) is a disease that is intricately
associated with the dietary patterns, metabolism and
inflammation. The site of this cancer is also the location for
processing of food aided by the gut microbiota. The effect of
diet on CRC has been studied with different perspectives of
associated factors. Metabolism of nutrients, role of gut
microbiota and familial factors are being studied to better
understand the causal factors in diet related initiation and
progression of CRC. Type of food intake, its digestion and
metabolism is an upcoming area of research with potential to
develop preventive and therapeutic strategies. Probiotic
cultures are helping the nutrition based prevention of
symptoms in diseases like antibiotic associated diarrhea,
lactose intolerance and irritable bowel syndrome.
Characterization of gut microbiota with newer technologies is
allowing the possibility of customized probiotic treatment for 
the prevention of colorectal cancer1,2. Digestion of food results
into formation of building blocks which are assimilated in the
small intestine. Short chain fatty acids (SCFAs) are produced in
the distal gut by bacterial fermentation of macro-fibrous
material that escapes digestion in the upper gastrointestinal
tract and enters the colon3,4. The SCFAs have been implicated
in prevention against colon carcinogenesis5. Butyrate and
Propionate SCFAs are known to have antitumor effect via
induction of apoptosis6,7. Evidence indicating successful use of
free fatty acids such as eicosapentaenoic acid-free fatty acid
(EPA-FFA) in chemoprevention strategy against certain types
of CRC8 generates further interest in studying their role in CRC.
In addition to being an important source of fuel, SCFAs play 
key role as signaling molecules. SCFAs have been shown to
activate free fatty acid receptor 2 (FFAR2) also known as
GPR43 and Free Fatty acid 3 (FFAR3) also known as GPR419.
FFAR2 and FFAR3 belong to the family of G-protein coupled
receptors (GPCRs) and are expressed in human and rodent
colon suggestive of possible involvement in normal
development and functions of colon tissue10-12. Some reports
have suggested that FFAR2 functions as a tumor suppressor in
CRC13. Not much is known about the role of FFAR3 in
regulating cancer cell metabolism and growth. The
connection between dietary fibers, short chain free fatty acid
receptors and colorectal cancer is an important area of
investigation that can explain the mechanism by which diet
influences the initiation and progression. To address this
problem this paper focused on receptors for short chain free
fatty acids. In this report, an effort attempted at creating a cell
line model that can help decipher the role of FFAR3 gene in
colorectal cancer is described. Engineered colorectal cancer
cell line (HCT116) was generated to down regulate FFAR3

gene,  which was validated by qRT-PCR. Functional analysis of
these cells revealed no significant difference in the growth
and proliferation. Also, cellular glucose uptake was not altered
in these cells. cAMP level in the engineered cell line was
measured and was found to be unaltered. These results
suggested that FFAR3 alone does not control cellular growth
and proliferation of colorectal cancer cell line HCT116.

MATERIALS AND METHODS

This work was carried out at King Abdullah International
Medical Research Center after obtaining approval from
institutional review board. This project was started in October,
2017.

Generation of HCT116/FFAR3 knockdown cells: Colorectal
cancer cell line (HCT116) was procured from American Type
Culture Collection (ATCC) and maintained in advanced DMEM
in 5% CO2 and 37EC culture conditions along with fetal bovine
serum (FBs). FFAR3 knockdown in HCT 116 cells was achieved
using lentiviral based shRNA (Origene) and following the
manufacturer’s instructions. Four different  clones  of FFAR3
were  used  to  knockdown  shRNA and the best knockdown
was chosen for further analyses. Selection was done using
blasticidin antibiotic. Cells transduced with scrambled control
vector were used as control in all experiments. 

RNA extraction and cDNA synthesis: The HCT116 cells were
infected with lentiviral particles containing shRNA against
FFAR3 and the cell colonies were selected in cell culture media
supplemented  with  blasticidin  (1.6  µ  mLG1).  Cell  pellets  of
5-10×106 cells were collected in 1.5 mL  eppendorf  tubes
each time it had a confluent culture dish. Pellets were stored
at -80EC until required. Total RNA was isolated from each
sample using the PureLink RNA Mini Kit (Ambion by Life
Technologies, USA), following the manufacturer’s instructions.
Single-stranded cDNA was prepared from 2.5 µg of total RNA
in a 50 µL reaction volume using the High-Capacity cDNA
Reverse Transcription Kit (Applied Biosystems, USA), according
to the manufacturer’s instructions. The 50 µL reaction was
diluted 1:3 with nuclease-free water (Ambion, USA) and then
stored at -20EC until the qPCR analysis was performed.

Quantitative RT-PCR: The level of expression was determined
by qRT-PCR using ABI7900HT Sequence Detection System
(Applied Biosystems, Foster City, CA, USA). FFAR3 down
regulation was confirmed by real time PCR using primers
specific to human FFAR3. To this end, 2.5 µg of total RNA
procured from the frozen pellets transcribed into cDNA using
standard reagents and then used as template for PCR  reaction
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using specific primers for the candidate gene. PowerUp SYBR
Green (Applied Biosystems™) was used for detection and
analysis. Melting curve analysis done to assess the specificity
of each amplified gene. All reactions performed in triplicate
and the data analyzed using Relative Quantification (RQ)
method by SDS RQ manager software. GAPDH (house keeping
gene) expression was used as the endogenous control and the
target gene was FFAR3.

Cell proliferation assay using xCELLigence: This instrument
(RTCA-DP) is available from ACEA biosciences (San Diego,
USA). E-16 plates were used for monitoring cell adhesion and
growth while CIM plates were used to monitor cell invasion
and migration patterns. This system works on the principle of
electrical impedance. As given in the systems manual, a
unitless parameter termed Cell Index (CI) is used to measure
the relative change in electrical impedance to represent cell
status. CI is a relative and dimensionless value since it
represents the impedance change divided by a background
value. When there were no cells present in the medium, the
sensor’s electronic property will not be affected and the
impedance will be small. When there are more cells on the
electrodes, the impedance will be larger. CI calculation is
based on the following formula: CI = (Zi-Z0)/15 ς, where Zi is
the impedance at an individual point of time during the
experiment and Z0 is the impedance at the start of the
experiment. CI is a self-calibrated value derived from the ratio
of measured impedances.

Glucose uptake assay: HCT 116 cells (control and FFAR3
knockdown cell lines) were plated on a 96 well plates (~30,000
per well). Next day, cells were washed twice with PBS and
incubated in glucose free DMEM. Glucose uptake was
determined using glucose uptake assay kit (Cayman
Chemicals,  MI,   USA).   Briefly,   cells   were   incubated 
with100 µg mLG1  fluorescent  2-NBDG in glucose free medium
for 1 h. Cells were washed with assay buffer three times and
analyzed immediately. 2-NBDG taken up by cells was detected
on a Tecan Infinite 200 pro fluorimeter (Tecan Group Ltd.
Männedorf, Switzerland) with fluorescent filters usually
designed to detect fluorescein (excitation/emission = 485/535
nm). Cells without any 2-NBDG incubation were used as blank
control. Statistical significance was determined by using
paired students t-test.

cAMP assay: HCT 116 cells (control and FFAR 3 knockdown)
were plated on a 48 well plates (~30,000 per well). Next day
cells were incubated with 500 µM IBMX (3-isobutyl-1-
methylxanthine) for 1 h. cAMP in each well was measured
using  cAMP  Immunoassay  System  (Thermo-fisher  scientific)
by    following    the    manufactures     instructions.     Statistical

significance was determined by using paired students t-test.
Each bar represents an average of two independent
experiments with 8 technical replicates in each experiment. 

RESULTS

Loss of FFAR3 did not impact growth and proliferation of
HCT 116 cells: shRNA mediated silencing of FFAR3 resulted in
more than 70% down regulation of FFAR3 gene (Fig. 1a). The
cell proliferation rate was determined using xCELLigence
assay. There was no significant difference between the
proliferation rates of controls HCT116 cells and FFFAR3
knockdown cells (Fig. 1b).

Fig. 1(a-b):FFAR3 down regulation does not change
proliferation of HCT116 cells, (a) Real time PCR
showing FFAR3 knockdown in HCT116 cells. FFAR3
knockdown cells were generated using lentiviral
expression system as detailed in the Method
section. The knockdown was confirmed by
determining FFAR3 mRNA levels using quantitative
RT-PCR. Each bar represents an average of at least
three independent experiments. **p<0.001 and (b)
Cell proliferation rates of control and FFAR3
knockdown HCT 116 cells. Proliferation rates of
control and FFAR3 knockdown cells were
determined by using xCELLigence system
ns: Not significant

3



Int. J. Cancer Res., 2019

0.4

0.3

0.2

0.1

0.0

cA
M

P 
(p

m
ol

/w
el

l)

ns

Control FFAR3 KD

2.0

1.5

1.0

0.5

0.0

G
lu

co
se

 u
pt

ak
e 

(F
lo

d 
ch

an
ge

) ns

Control FFAR3 KD

Fig. 2: Cellular cAMP levels in control and FFAR3 knockdown
HCT116 cells
cAMP in control and FFAR3 knockdown cells was measured using cAMP
Immunoassay System (Thermo-fisher scientific) by following the
manufactures instructions, ns: Not significant

Fig. 3: Glucose uptake rates of control and FFAR3 knockdown
HCT116 cells
Glucose uptake in control and FFAR3 knockdown cells was determined
using Glucose uptake assay kit (Cayman Chemicals, MI, USA) as
described in the method section, ns: Not significant

The FFAR3 is  known  to  signal through G-Protein
complex (Gi) by inhibiting adenylate cyclase and reducing
levels  of  cAMP  in  the  cell.  Loss  of  FFAR3  would  affect
cellular cAMP levels. Surprisingly, there was no change in the
cellular cAMP levels of control and FFAR3 knockdown cells
(Fig. 2).

Loss of FFAR3 has no impact on glucose uptake rate of
HCT116 cells: Cancer cells showed a high rate of glucose
uptake that is necessary to support their rapid growth rate.
Therefore, glucose uptake rates were measured in control and
FFAR3 knockdown HCT116 cells and no significant difference
was found (Fig. 3).

DISCUSSION

In this manuscript there was an attempt to study the role
of FFAR3 in colorectal cancer cell line. Results suggest that
FFAR3 alone did not affect the growth and proliferation of
colorectal cell line HCT116. It is likely, that FFAR2, which shares
considerable structural and functional homology
compensated for the loss of FFAR3 and maintained the
metabolism of HCT116 cells. Both FFAR2 and FFAR3 are
activated by short chain free fatty acids (acetate, propionate
and butyrate) and the functional redundancy is on expected
lines14. These results suggested generating cell lines that will
have down regulation of both FFAR2 and FFAR3 (double KD)
and assess the impact of these receptors on the growth and
proliferation of colorectal cancer cell lines. It has been recently
reported that heterodimerization of FFAR2 and FFAR3 are
required for short chain fatty acid sensing15.

The assays for measuring the impact of reduced levels of
FFAR3 were well supported by previous reports where
increased cAMP levels were shown to correlate with cancer
cell growth and proliferation16-18. Real time measuring of cell
growth and proliferation using xCELLigence has been
successfully used earlier in colorectal cancer cells. Glucose
uptake had been known to be increased in cancer cells and
down-regulating an important mediator of increased cell
proliferation was expected to show significantly higher
glucose uptake which was not the case with FFAR3 alone19-21. 

Taken together, previous studies on colorectal cancer
patients22-24 also did not show any significant down regulation
in FFAR3 gene, which supported our observations. But since
it is an important mediator of short chain free fatty acid
metabolism, it should be further studied along with FFAR2 to
establish a crucial link between gut microbiota and colorectal
cancer. 

CONCLUSION

Short chain free fatty acid receptors could be crucial link
between microbiota, dietary fibers and colorectal cancer. This
report provide evidence that suggest change in expression
level of FFAR3 is not alone in mediating increased proliferation
of colorectal cancer cells.

SIGNIFICANCE STATEMENT

This study is significant in terms of addressing an
important connection between short chain free fatty acids and
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colorectal cancer. These results provide evidence that
suggests the role of other receptor (FFAR2) either alone or in
combination with FFAR3. Future work in this direction will
help unravel the connection between dietary fibers, colorectal
cancer and gut microbiota. 
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