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Abstract. Lonidamine, 6‑Diazo‑5‑oxo‑L‑norleucine (DON) 
and orlistat are well known inhibitors of glycolysis, glutaminol-
ysis and of de novo fatty acid synthesis, respectively. Although 
their antitumor effects have been explored in detail, the poten-
tial inhibition of the malignant metabolic phenotype and its 
influence on the expression of chemokines and growth factors 
involved in colon cancer, have not been previously reported to 
the best of our knowledge. In the present study, dose‑response 
curves with orlistat, lonidamine or DON were generated from 
cell viability assays conducted in SW480 colon cancer cells. In 
addition, the synergistic effect of these compounds was evalu-
ated in SW480 human colon cancer cells. The determination 
of the doses used for maximum synergistic efficacy led to the 
exploration of the mRNA levels of the target genes hexoki‑
nase‑2 (HK2), glutaminase‑1 (GLS‑1) and fatty acid synthase 
(FASN) in human SW480 and murine CT26.WT colon cancer 
cells. The cell viability was evaluated following transfection 
with small interfering (si)RNA targeting these genes and was 
assessed with trypan blue. The expression levels of chemo-
kines and growth factors were quantified in the supernatant 
of SW480 cells with LEGENDplex™. The combination of 
lonidamine, DON and orlistat resulted in a synergistic cyto-
toxic effect and induced the transcription of the corresponding 
gene targets but their corresponding proteins were actually 
downregulated. The downregulation of the expression levels of 
HK2, GLS‑1 and FASN following transfection of the cells with 
the corresponding siRNA sequences decreased their viability. 
The treatment significantly reduced the expression levels of 

9 chemokines [interleukin‑9, C‑X‑C motif chemokine ligand 
(CXCL) 10, eotaxin, chemokine ligand (CCL) 9, CXCL5, 
CCL20, CXCL1, CXCL11 and CCCL4] and one growth 
factor (stem cell factor). These changes were associated with 
decreased phosphorylated‑nuclear factor κB‑p65. The data 
demonstrate that lonidamine, DON and orlistat in combina-
tion reduce the expression levels of chemokines and growth 
factors in colon cancer cells. Additional research is required 
to investigate the exact way by which both tumor and stromal 
cells regulate the expression levels of chemokines and growth 
factors.

Introduction

Cancer cells reprogram their metabolism to increase energy 
and nutrient depots for their continuous biosynthetic require-
ments  (1). While healthy cells follow rigorous metabolic 
pathways that secure the balance between anabolism and 
catabolism, cancer cells override these molecular checkpoints 
and increase their anabolism, at the cost of the catabolism of 
the host (2).

The malignant metabolic reprogramming occurs at the 
three main pathways: Glycolysis, glutaminolysis and de novo 
fatty acid (FA) synthesis. Therefore, cancer cells commonly 
overexpress hexokinase‑II (HK2), glutaminase‑1 (GLS1) 
and fatty acid synthase (FASN) (3). In addition to their ener-
getic requirements, malignant cells require macromolecule 
synthesis, including synthesis of nucleotides, amino acids 
and lipids. Glucose and glutamine supply the majority of 
the necessary carbon and nitrogen atoms required for the 
synthesis of macromolecules. These atoms further serve as 
reducing equivalents in order to support cell growth (4,5). 
Regarding lipogenesis, malignant cells synthesize de novo 
FA instead of removing them from circulation. Therefore, 
cancer cells frequently overexpress FASN (6). Regarding the 
de novo synthesis of FA, both glucose and glutamine supply 
citrate. Glucose is converted to acetyl‑CoA in the mitochon-
dria in order to produce citrate in the tricarboxylic acid cycle, 
whereas glutamine maintains citrate production by supplying 
the carbon in the form of mitochondrial oxaloacetate. 
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Therefore, the metabolism of glutamine and glucose supports 
the production of acetyl‑CoA and NADPH required for FA 
synthesis (5).

A previous report using this combination of orlistat+loni
damine+6‑Diazo‑5‑oxo‑L‑norleucine (OLD) in vitro showed 
that while it inhibits the growth of number of malignant 
cell lines, the effect is minor in primary lung fibroblasts 
suggesting that OLD preferentially targets malignant cells (7). 
Moreover, in syngeneic and allogenic mouse models, this 
treatment exerts an antitumor effect without affecting the 
weight of treated mice. Nevertheless, serum chemokines were 
not measured (8). In the present study, orlistat, lonidamine 
and DON were employed, which inhibited FASN, HK2 and 
GLS1, respectively, and analyzed the transcriptional and 
protein levels of their corresponding drug targets by reverse 
transcription PCR. Using small interfering (si)RNA interfer-
ence of the same targets, cellular viability was measured in 
the absence or presence of specific compounds inhibiting the 
remaining energetic pathways. In addition, the study inves-
tigated whether the metabolic inhibition may influence the 
expression of chemokines and growth factors associated with 
colon cancer.

Materials and methods

Cell lines. The human colon adenocarcinoma SW480 and 
murine CT26.WT cell lines were obtained from the American 
Type Culture Collection. Both cell lines were cultured at 37˚C 
in a humidified atmosphere containing 5% CO2, in DMEM/F12 
(SW480) or RPMI‑1640 (CT26.WT) in the presence of 10% 
fetal bovine serum and 1% antibiotic/antimycotic solution (all 
from Invitrogen; Thermo Fisher Scientific, Inc.).

Drug treatments. Orlistat (Psicofarma, S.A., De C.V.), lonida-
mine and DON were dissolved in absolute ethanol, dimethyl 
sulfoxide, and culture medium without serum, respectively. 
All drugs with the exception of orlistat and all vehicles were 
from Sigma‑Aldrich; Merck KGaA. Drug treatments were 
freshly prepared for each experiment.

SW480 cell viability assays and identification of inhibitory 
concentrations (ICs). A total of 5x104 cells/well were seeded 
in 6‑well plates with 2 ml complete medium and were allowed 
to attach to the bottom of the surface overnight. Subsequently, 
complete medium containing either orlistat, lonidamine or 
DON was added at increasing doses every 24 h until 72 h. 
Control cells were treated with the vehicle used for each drug, 
using the same volume as of that of the highest evaluated 
dose. The cells were washed once with 1X PBS and detached 
with a 0.5% trypsin/2% EDTA solution. Cell viability was 
evaluated by the trypan blue exclusion assay. Briefly, the cells 
were gently mixed at 1:1 ratio with trypan Blue Stain (0.4%; 
Gibco; Thermo Fisher Scientific, Inc.) for 5 sec and placed in 
a TC10™ Automated Cell Counter (Bio‑Rad Laboratories, 
Inc.) at room temperature. The cytotoxic effect was expressed 
as the percentage of cell viability relative to the control cells. 
The resulting data were analyzed in the SigmaPlot software 
(version 10.0; Systat Software, Inc.). The percentage of 
growth inhibition was estimated and the IC20‑IC50 values were 
obtained from the survival curves.

Drug treatment. Increasing doses of orlistat (IC20, IC30, IC40 
and IC50) were combined with their respective increasing doses 
of lonidamine (IC20, IC30, IC40 and IC50) and DON (IC20, IC30, 
IC40 and IC50). The resulting mixed solutions were incubated 
for 72 h with 5x104 SW480 cells/well, as previously stated. 
The pharmacological interaction was determined with the 
combination index (CI) method from the formula of Chou and 
Talalay using the Calcusyn software (version 2.0; Biosoft) (9). 
The CI values used to assign the pharmacological interaction 
are shown in Table I. The synergistic combination at the lowest 
doses was selected for further experiments.

Reverse transcription‑quantitative (RT‑q)PCR of the target 
enzymes. A total of 5x104 (SW480) or 3x104 (CT26.WT) cells 
were seeded and treated as stated above. Following 72 h of 
treatment, the cells were detached and total RNA isolation 
was carried out using TRIzol (Thermo Fisher Scientific, 
Inc.). A total of 1  µg of total RNA was used for cDNA 
synthesis at 45˚C with the GeneAmp RNA PCR Core kit 
(Applied Biosystems; Thermo Fisher Scientific, Inc.). cDNA 
was mixed with the iQ SYBR Green SuperMix (Bio‑Rad 
Laboratories, Inc.) according to the manufacturer's protocol. 
qPCR reactions were run using an ABI Prism 7000 (Applied 
Biosystems; Thermo Fisher Scientific, Inc.). The qPCR cycling 
conditions were as follows: Initial denaturation for 10 min at 
95˚C followed by 40 cycles of 30 sec at 95˚C, 30 sec at 60˚C 
and 30 sec at 72˚C. The data were analyzed using the 2‑ΔΔCq 
method (10) and reported as the fold‑change in gene expres-
sion normalized to the expression of the endogenous control 
gene hypoxanthine phosphoribosyltransferase 1 (HPRT1) 
(for SW480), or glyceraldehyde‑3‑phosphate dehydrogenase 
(GAPDH) (for CT26.WT). The primers used for detection of 
the human genes were as follows: HPRT1 forward, 5'‑GAA​
CCT​CTC​GGC​TTT​CCC​G‑3' and reverse, 3'‑CAC​TAA​TCA​
CGA​CGC​CAG​GG‑5'; HK2 forward, 5'‑GCA​GAA​GGT​TGA​
CCA​GTA​TC‑3' and reverse, 5'‑TGG​AGT​GGA​CCT​CAC​
AAA‑3'; GLS1 forward, 5'‑CTC​TTC​CGA​AAG​TGT​GTG​
AG‑3' and reverse, 5'‑CAG​GTC​TGG​GTT​TGA​CTT​G‑3'; 
FASN forward, 5'‑CGCTCGGCATGGCTATCTC‑3' and 
reverse, 5'‑CTC​GTT​GAA​CGC​ATC​CA‑3'. The detection of 
the mouse genes was performed with the following primers: 
HK2 forward, 5'‑GCA​GAA​GGT​TGA​CCA​GTA​TC‑3' and 
reverse, 5'‑CGG​AGT​TGA​CCT​CAC​AAA​G‑3'; GLS1 forward, 
5'‑ACA​GGA​GCG​TAT​CCC​TAT​C‑3' and reverse, 5'GTT​GCT​
GCT​CAC​ACA​CTT‑3'; FASN forward, 5'‑GGC​ACT​GAC​TGT​
CTG​TTT​TCC​A‑3' and reverse, 5'‑TTA​ATT​GTG​GGA​TCA​
GGA​GAG​CAT‑3' and GAPDH forward 5'‑GTG​GAG​TCA​
TAC​TGG​AAC​ATG​TAG‑3' and reverse 5'‑AAT​GGT​GAA​
GGT​CGG​TGT​G‑3'. The latter gene was used for normaliza-
tion purposes. The annealing temperature was 60˚C for all 
reactions.

siRNA inhibition of target enzymes. A total of 8x104 (SW480) 
and 4x104 (CT26.WT) cells were seeded in 6‑well plates to 
achieve 50% confluent cultures at the time of transfection. A 
total of 12.5 pmol siRNA was used for knockdown of the HK2, 
FASN and GLS1 genes (HK2 cat. no. 4390824 ID s6562; FASN 
cat. no. 4390824 ID 55031; and GLS1 cat. no. 4392420 ID 
s5838) in SW480 cells. In CT26.WT cells, 12.5 pmol (FASN 
cat. no. 4390771 ID 565865), GLS1 (cat. no. AM16708 ID 
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501056) and 25 pmol (HK2 cat. no. AM16708 ID 159330) siRNA 
(all from Ambion; Thermo Fisher Scientific, Inc.) sequences 
were diluted in 100 µl Opti‑MEM‑I reduced serum medium 
(Gibco; Thermo Fisher Scientific, Inc.). Lipofectamine® 
RNAiMAX transfection reagent (4 µl; Invitrogen; Thermo 
Fisher Scientific, Inc.) was diluted in 100 µl Opti‑MEM‑I. 
The mixtures were pooled and incubated for 20 min at room 
temperature. Silencer select negative control No. 1 siRNA 
(cat. no. 4390844; Ambion; Thermo Fisher Scientific, Inc.) was 
used as a negative control for both cell lines. The mixture was 
added to each well in 1 ml Opti‑MEM‑I and replaced following 
6 h of incubation with complete fresh medium or complete 
medium in the presence of drugs. This protocol was used 
for the experiments combining siRNA and drug treatment. 
For both cell lines, one siRNA sequence was added per time 
and the effects were compared with the control without siRNA, 
the silencer negative control, the siRNA inhibition groups and 
the drug groups in the presence of siRNA treatment. Fresh 
complete medium was provided every 24 h for a total period 
of 72 h. The compounds were added at their IC40 doses when 
the medium was changed. Following 72 h, the compounds 
were removed and viability was evaluated with trypan blue 
as described above. The cytotoxic effect was expressed as a 
percentage of cell viability relative to the untransfected control 
cells.

Total protein extraction, western blot analysis and 
densitometry. Following either OLD or siRNA treatments, 
total protein was extracted using radio‑immunoprecipitation 
buffer (150 mM NaCl; 1.0% IGEPAL CA630; 0.5% sodium 
deoxycholate; 0.1% SDS and 50 mM Tris, pH 8.0) in the pres-
ence of proteinase inhibitors (cat. no. p8340; Sigma‑Aldrich; 
Merck KGaA). The protein concentration was determined 
using the bicinchoninic acid assay. A total of 30 µg of protein 
was separated by 10% SDS‑PAGE and transferred onto a PVDF 
membrane (cat. no. 162‑0177; Bio‑Rad Laboratories, Inc.). The 
membrane was blocked with 5% skimmed milk in 1X PBS 
(1 h at room temperature) and subsequently incubated with 

antibodies against GLS1 (cat. no. sc‑100533; 1:500; Santa Cruz 
Biotechnology, Inc.); HK2 (cat. no. sc‑6521; 1:200; Santa Cruz 
Biotechnology, Inc.); FASN (cat. no. sc‑55580; 1:500; Santa 
Cruz Biotechnology, Inc.), the phosphorylated p65 subunit of 
nuclear factor (NF)κB (cat. no. 6956; 1:10,000; Cell Signaling 
Technology, Inc.), and anti‑actin peroxidase (cat. no. A3854; 
1:10,000; Sigma‑Aldrich; Merck KGaA) in blocking solution 
(5% skimmed milk in TBS/0.1% Tween 20), overnight at 4˚C. 
The secondary antibodies used were the following: Donkey 
anti‑goat for HK2 (cat. no. sc‑2020); and bovine anti‑mouse for 
GLS1, FASN, and the phosphorylated p65 subunit of NF‑κB 
(cat. no. sc‑2371). The secondary antibodies were diluted at 
1:1,000 (1 h at room temperature). The protein bands were visual-
ized using the Clarity Western Enhanced Chemiluminescence 
Substrate (cat. no. 1705060; Bio‑Rad Laboratories, Inc.). The 
bands were quantified by densitometry using the Image J 
software, version 1.50 (National Institute of Health).

Flow cytometry evaluation of chemokines and growth 
factors in the supernatant. A total of 5x104 SW480 cells 
were seeded in 6‑well plates and treated as stated above. The 
supernatant was recovered every 24 h until the end of the 
treatment and subsequently centrifuged (650 x g, 20 min, 4˚C) 
and stored at ‑20˚C until further use. The LEGEND plex™ 
Human Proinflammatory Chemokine Panel (cat. no. 740003) 
and Human Growth Factor Panel (cat.  no.  740180) were 
employed to quantify the expression levels of chemokines 
and growth factors in the supernatant, following the manu-
facturer's protocol. The analysis was performed with the BD 
FACSCanto™ II flow cytometer with BD FACSDiva™ soft-
ware (BD Biosciences).

Statistical analysis. A total of 3 independent experiments 
were performed in triplicate per assay and the data were 
expressed as the mean ± standard deviation. The data were 
analyzed with GraphPad Prism V6 software (GraphPad 
Software Inc.). Significant differences were analyzed with the 
Student's t test for data derived from RT‑qPCR, densitometry 
and growth factor/chemokine expression analysis. Regarding 
dose‑response curves and siRNA inhibition experiments, the 
significance of the differences was determined with one‑way 
analysis of variance and Tukey post hoc correction. P<0.05 
was considered to indicate a statistically significant difference.

Results

Viability inhibition. Treatment of human and murine cells with 
orlistat, DON and lonidamine exerted a dose‑dependent effect 
on cell viability reduction at the concentrations tested. These 
differences were statistically significant compared with those 
noted in vehicle‑treated control cells (P<0.05; Fig. 1A‑C).

Determination of the IC20‑IC50. Following treatment of 
SW480 cells with the drugs, the IC20‑IC50 doses were obtained 
using SigmaPlot software. These values are shown in Table II. 
Subsequently, the cells were treated with the different ICs of 
the three drugs in combination. A significant difference was 
noted with regard to inhibition of cell proliferation for each IC 
(P<0.05). It is interesting to note that the cell viability dropped 
below 20% when the IC50 was used.

Table I. CI values, recommended symbols and descriptions 
for determining synergism, antagonism or addition using the 
Chou‑Talalay formula.

Range of CI	 Symbol	 Description

<0.1	 +++++	 Very strong synergism
0.1‑0.3	 ++++	 Strong synergism
0.3‑0.7	 +++	 Synergism
0.7‑0.85	 ++	 Moderate synergism
0.85‑0.9	 +	 Slight synergism
0.9‑1.1	 ±	 Nearly additive
1.1‑1.2	‑	  Slight antagonism
1.2‑1.45	‑‑	  Moderate antagonism
1.45‑3.3	‑‑‑	  Antagonism
3.3‑10	‑‑‑‑	  Strong antagonism
>10	‑‑‑‑‑	  Very strong antagonism

CI, combinatory index.
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The pharmacological combination OLD was synergistic 
at IC40 and IC50. The OLD IC20 and IC30 treatments were 
antagonistic (Fig. 1E and Table III). However, the IC40 and IC50 
treatments were synergistic. The IC40 doses were employed for 
further assays.

Triple inhibition induces the transcription of the enzyme 
targets. A significant increase was noted in the relative 
expression levels of HK2, FASN and GLS1 mRNA compared 
with the control (P<0.05). The highest expression levels were 

observed for HK2, followed by FASN and GLS1 (Fig. 2A) in 
human cells. The order of overexpression noted in murine 
cells was as follows: FASN, GLS1 and HK2 (Fig. 2D). Western 
blot analysis showed a significant decrease of the enzyme 
targets in human (P<0.01; Fig. 2B and C) and murine cells 
(P<0.01; Fig. 2E and F).

Inhibition of cell viability by downregulation of HK2, FASN 
and GSL1 gene expression with siRNAs. The comparison of 
the expression levels of the 3 main target genes in untreated 

Figure 1. Viability curves of the anti‑anabolic compounds and drug synergism evaluation in SW480. Cellular viability was reduced to a greater extent when 
using low doses of DON alone (C) as compared with either orlistat (A) or lonidamine (B) With the combinations of their IC20‑50 doses (D) there was a synergistic 
effect starting at their IC40 doses (E) *P<0.05, **P<0.01, ***P<0.001 and ****P<0.0001 vs. control. IC, inhibitory concentration; DON, 6‑Diazo‑5‑oxo‑L‑norleucine; 
OLD, orlistat + lonidamine + DON.

Figure 2. Reverse transcription‑quantitative PCR and western blotting of FASN, HK2 and GLS in SW480 and CT26.WT cells treated with OLD. (A) There 
was a significant increase in mRNA expression of FASN, GLS and particularly HK2 in SW480, and (D) in both FASN and GLS in CT26.WT. (B) Western blot 
evaluation (C) and densitometry analysis showed a reduction in the intensity of the three targets on SW480, particularly on glutaminase. On the CT26.WT cell 
line, the reduction in the intensity was more pronounced in FASN (E) western blot evaluation and (F) densitometry analysis. *P<0.05, **P<0.01, ***P<0.001 and 
****P<0.0001. OLD, orlistat + lonidamine + DON; HK2, hexokinase‑II; FASN, fatty acid synthase; GLS, glutaminase; Ct, control.
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and mock‑transfected cells did not exhibit significant differ-
ences in both cell lines. A small yet significant reduction in 
cell viability of ~20% was noted when each one of the target 
genes was silenced in both cell lines compared with the effects 
noted in the scramble transfected cells (P<0.01). These effects 
were slightly increased for the FASN gene in SW480 cells 
(Fig. 3A), whereas depletion of HK2 expression exhibited a 
significantly higher increase in CT26.WT cells (P<0.001; 
Fig. 3B). Triple pharmacological inhibition led to a reduction 
in cell viability of ~80% (Fig. 1D). Therefore, each one of the 
siRNA‑depleted cells was treated with the two‑drug combina-
tion that inhibited the two remaining targets. In all the cases, 
a significant inhibition was noted between siRNA‑depleted 
cells and siRNA‑depleted cells with the two‑drug combina-
tions (P<0.001 for HK2 and FASN, and P<0.05 for GLS1) in 
both cell lines (Fig. 3A and B). These results were verified by 
western blot analysis (Fig. 3C and D).

Treatment of cells with the OLD combination reduces the 
expression levels of chemokines and growth factors associated 
with decreased p‑NFkB‑p65 protein. The evaluation of the 
expression levels of the 13 chemokines revealed that 9 of them 
[interleukin (IL)‑9, C‑X‑C motif chemokine ligand (CXCL) 10, 
eotaxin, chemokine ligand (CCL) 9, CXCL5, CCL20, CXCL1, 
CXCL11 and CCL4] exhibited significant reduction in their 
expression levels (P<0.05), whereas no change was noted in the 
remaining 4 (CCL17, CCL2, RANTES and CCL3; Fig. 4A). 
From all the growth factors investigated, only the expression 
levels of the stem cell factor (SCF) were decreased (Fig. 4B). 

No increase in expression was noted for any of the remaining 
growth factors. Interestingly, the levels of p‑NFκB‑p65 showed 
a significant decrease (P<0.01; Fig. 4C and D).

Discussion

The present study shows that the combination of lonidamine, 
DON and orlistat resulted in a synergistic cytotoxic effect and 
induced downregulation of their protein targets (HK‑2, FASN 
and GLS). Most likely, as a consequence, the transcription 
of their target genes was upregulated. Moreover, the genetic 
or pharmacological depletion of these enzymes reduces cell 
viability in a cell‑dependent manner. It is important to note 
that 9 out of the 13 chemokines examined have been shown to 
participate in cancer invasion and metastasis. These molecules 
were downregulated following treatment, while only the 
growth factor SCF exhibited reduced expression levels.

A tumor is not only composed of malignant cells. The tumor 
microenvironment comprises stromal cells, cancer‑associated 
fibroblasts, endothelial cells, pericytes and immune cells (11). 
The importance of stromal cells in the development of the 
tumor microenvironment and tumor progression is well 
known. However, little is known, regarding the ability of 
the cells from the microenvironment to reprogram their 
metabolism (12,13).

Previous studies conducted in colon cancer patients 
analyzed the expression levels of several chemokines in 
normal and tumor tissues. Erreni et al (14) reported on the 
mRNA profile of chemokines and chemokine receptors 
in 8  tumor samples and paired tissues from colon cancer 
patients and found that the expression of several chemokines 
was strongly upregulated within the tumor microenviron-
ment; the main identified chemokines were CCL4 and CCL5 
and their corresponding receptors CCR1 and CCR5. In 
another study, the levels of CCL2, CCL4, RANTES, CXCL1, 
CXCL5 and CXCL8/IL‑8 were investigated using ELISA in 
10 colorectal carcinomas and their corresponding normal 
mucosa, and the protein levels of all these chemokines were 
overexpressed in the tumor counterpart with the exception of 
RANTES (15).

To the best of our knowledge, this is the first study to 
demonstrate that a metabolic inhibition with OLD down-
regulates the expression of several chemokines in colon cancer 
cells. Among these, IL‑9 plays a significant role as an inhibitor 
of adaptive immunity and prevents the formation of immuno-
logic memory against the growing tumor (16). This highlights 
the potential for IL‑9 neutralization by cancer immuno-
therapy  (16). Zeng et al  (17) confirmed that CXCL10 and 
CXCL11 acted as key protumor chemokines on colon cancer 
neuroendocrine‑like cells. No studies of eotaxin/CCL11 have 
been conducted in colon cancer, however they were increased 
in a mouse model of ulcerative colitis, which is considered a 
colon pre‑neoplastic condition (18). Mouse and human colon 
cancer cells secrete CCL9 and CCL15, respectively and recruit 
immature myeloid cells, which express the CCL9/15 receptor 
CCR1 and induce the expression of matrix metalloproteinase 
(MMP)‑2 and MMP‑9 enzymes. It is important to note that 
the CCR1 antagonist BL5923 blocked metastatic colonization 
and significantly prolonged the survival of tumor‑bearing 
mice  (19). The expression levels of CXCL5 were also 

Table III. Resulting CI values of the pharmacological interac-
tions between OLD at the IC20‑IC50 combinations.

OLD drug scheme	 CI value	 Pharmacological interaction

OLD IC20 	 1.843	 Antagonism
OLD IC30 	 2.2	 Antagonism
OLD IC40 	 0.625	 Synergism
OLD IC50 	 0.412	 Synergism

OLD, orlistat, lonidamine and 6‑Diazo‑5‑oxo‑L‑norleucine; IC, 
inhibitory concentration; CI, combinatory index.

Table II. Doses of OLD that achieve 20‑50% reduction in 
SW480 cell viability.

OLD drug	 Orlistat	 Lonidamine	 DON
scheme	 dose, µM	 dose, µM	 dose, µM

OLD IC20	 3.59	 25.1	 1.92
OLD IC30	 6.01	 47.36	 3.62
OLD IC40	 8.7	 75.86	 6.12
OLD IC50	 11.7	 108.4	 9.95

OLD, orlistat, lonidamine 6‑Diazo‑5‑oxo‑L‑norleucine; IC, inhibi-
tory concentration.
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downregulated in the present study. Cancer cells secrete 
CXCL5 and in vitro treatment with this ligand can induce 
protumor effects. Moreover, CXCL5 is elevated in colorectal 
cancer patients and is considered an independent prognostic 

factor for adverse effects (20). Yildirim et al (21) demonstrated 
an increased expression of CXCL5 in colon cancer biopsies, 
as well as in the serum of these patients compared with the 
expression levels noted in adenomas and normal epithelia. 

Figure 3. Effect upon cell viability in SW480 and CT26.WT cells undergoing siRNA blockade, with and without anti‑metabolic drugs. The downregulation 
of any of the three targets by siRNAs induced a similar reduction in cell viability in SW480. (A) In CT26.WT, HK2 blockade, either alone or with orlistat + 
DON, diminished in a more important way the (B) viability. Western blot evaluation showed an important reduction in the intensity of the bands representing 
the blocked enzymes in (C) SW480 and (D) CT26.WT. *P<0.05, ***P<0.001 and ****P<0.0001. HK2, siRNA against hexokinase‑II; HK2 + OD, siRNA against 
hexokinase‑II + orlistat + DON; FASN, siRNA against fatty acid synthase; FASN + LD, siRNA against fatty acid synthase + lonidamine + DON; GLS, siRNA 
against glutaminase; GLS + OL, siRNA against glutaminase + orlistat + lonidamine; siRNA, small interfering RNA; Ct, control.

Figure 4. Quantification of chemokines and growth factors in the supernatant of SW480 cells treated with OLD. (A) In the chemokine evaluation, there was 
an important reduction in IL‑9, CXCL10, eotaxin, CCL9, CXCL5, CCL20, CXCL1, CXCL11 and CCL4. (B) Regarding growth factors, only SCF was strongly 
downregulated. The rest of the cytokines did not differ in a significant way. (C) Western blot evaluation and (D) densitometry analysis showed a reduction 
in the intensity of the phosphorylated p65 subunit of NF‑κB. *P<0.05, **P<0.01, ***P<0.001 and ****P<0.0001. IL, interleukin; OLD, orlistat + lonidamine + 
DON; Ct, control; NF, nuclear factor; GM‑CSF, granulocyte macrophage‑colony stimulating factor; TGF, transforming growth factor; SCF, stem cell factor; 
VEGF, vascular endothelial growth factor; EGF, epidermal growth factor; PDGF‑BB, platelet derived growth factor‑BB; HGF, hepatocyte growth factor; CCL, 
chemokine ligand; CXCL, C‑X‑C motif chemokine ligand.
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These findings were consistent with the present results. In the 
present study, the expression levels of CCL20 were downregu-
lated, which has not been previously reported for colon cancer 
cells or tissues. However, colon cancer patients that exhibit 
advanced progression of the disease overexpress the receptor 
CCR6 and treatment with CCL20 increases their migratory 
and invasive potential (22). In addition, the present study indi-
cated that the expression of CXCL1 was downregulated, which 
led to an association of the ligand with colon tumor progres-
sion. Treatment of SW620 cells with CXCL1 increases their 
metastatic ability (23). Protumor effects were also reported 
for CXCL11. This chemokine is overexpressed in colorectal 
cancer tissues and cell lines, and its downregulation inhibits 
cell migration and invasion. Moreover, downregulation of 
CXCL11 has been shown to reduce colorectal cancer cell 
growth and metastasis in a xenograft model (24). Finally, the 
present study revealed that CCL4 expression was downregu-
lated by lonidamine, DON and orlistat treatment. CCL4 has 
been previously shown to participate in tumor progression 
in concert with CCL2 and CCL3. The expression levels of 
CCL4 are increased in tumor compared with healthy tissues. 
The higher levels of CCL4 in plasma are associated with 
poor prognosis (25). Although the expression levels of CCL2, 
CCL3, RANTES/CCL5 and CCL17 were not downregulated 
in the present study, these chemokines can also participate in 
colon cancer progression (25‑29).

The data further demonstrated a decrease in SCF levels. 
It is known that SCF and its ligand, c‑kit, are overexpressed 
in colon cancer. Both proteins can establish an autocrine 
c‑kit‑mediated loop that increases growth, survival, migration 
and invasive potential (30). This loop further prevents loss of 
clonogenic potential under differentiation‑induced conditions 
of colon cancer cells (31).

The interpretation of the present results is only hypoth-
esis driven. In the aim to gain a preliminary insight into 
the potential mechanisms by which OLD treatment reduces 
chemokines, the phosphorylated p65 subunit of the NFκB 
pathway was evaluated. NFκB is a crucial orchestrator of innate 
immunity and inflammation as it activates the transcription 
of target genes, including chemokines among other effectors 
for inflammation (32,33). Though not demonstrated in this 
study, the inhibition of NFκB by OLD could be responsible 
at least indirectly for the reduction of chemokines observed 
in the present study. More research is needed to demonstrate 
the mechanisms by which metabolic drugs inhibit activation 
of NFκB which in turn may decrease the expression of chemo-
kines in colon cancer cells.

The present results are preliminary, since the metabolic 
treatment of cancer cells was analyzed in vitro and the in vivo 
effect of OLD treatment upon serum chemokines is yet to 
be evaluated. In conclusion, the results of the present study 
demonstrated that metabolic antitumor drugs affected the 
expression levels of chemokines and growth factors associated 
with a decrease in NF‑κB activation. Additional studies are 
required to fully understand the connection between tumor 
metabolism and chemokine/growth factor regulation.
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