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Abstract

AIM: To study KRAS/BRAF mutations in colorectal-
cancer (CRC) that influences the efficacy of treatment.
To develop strategies for overcoming combination of
treatment.

METHODS: Five colonic cell-lines were investigated:
DLD-1 with KRAS (G13D) mutation, HT 29 and Colo
205 with BRAF (V600E) mutation as well as the wild
type (Wt) cell-lines Caco2 and Colo-320. DLD-1 (KRAS),
HT-29 (BRAF) and Caco2 (Wt) cell lines were treated
with cytokines (TNFa 50 ng, IL-18 1 ng and IFNy 50
ng) and harvested at different time points (1-24 h).
KRAS inhibition was performed by the siRNA-approach.
Two colorectal cancer cells DLD-1 and Caco2 were
used for KRAS inhibition. About 70% confluency were
confirmed before transfection with small interferring
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RNA (siRNA) oligonucleotides. All the synthetic siRNA
sequences were designed in our laboratory. Total RNA
and protein was isolated from the cells for RT-PCR and
Western blotting. Densitometry of the Western blotting
was analyzed with the Image J software (NIH). Results
are shown as mean % SD.

RESULTS: RT-PCR analysis in non-stimulated cells
showed a low basal expression of TNFo and IL-1f in
the DLD-1 KRAS-mutated cell-line, compared to Caco2
wild type. No detection was found for IL-6 and IFNy in
any of the studied cell lines. In contrast, pro-angiogenic
chemokines (CXCL1, CXCL8) showed a high constitu-
tive expression in the mutated cell-lines DLD-1 (KRAS),
HT-29 and Colo205 (BRAF), compared to wild type
(Caco2). The anti-angiogenic chemokine (CXCL10)
showed a high basal expression in wild-type, compared
to mutated cell-lines. KRAS down-regulation by siRNA
showed a significant decrease in CXCL1 and CXCL10
gene expression in the DLD-1 (KRAS) cell-line in com-
parison to wild type (Caco2) at 72 h after KRAS silenc-
ing. In contrast, the specific KRAS inhibition resulted in
an up-regulation of CXCL1 and CXCL10. The results of
our study show a higher expression of pro-angiogenic
chemokines at basal level in mutated cell-lines, which
was further increased by cytokine treatment.

CONCLUSION: To summarize, basal chemokine gene
expression for pro-angiogenic chemokines was high
in mutated as compared to wild type cell-lines. This
reflects the likely existence of a different microenviron-
ment in tumours consistent of wild type or mutated
cells. This may help to rationalize the choice of molecu-
lar targets for suitable therapeutic investigation in clini-
cal studies.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Colorectal-cancer; KRAS; BRAF; CXCL1

(GROa); CXCL10 (IP-10); CXCL8 (IL-8); Tumor necrosis
factor-o; Interleukin-1B; Interferon-y; SiRNA

March 21,2014 | Volume 20 | Issue 11 |



Khan S et a/. Chemokines gene expression in CRC cell-lines

Core tip: The presence of KRAS/BRAF mutations in
advanced colorectal-cancer influences the efficacy of
treatment. It is not known whether the composition
of tumor-associated immune cells is influenced by the
mutational status of the tumor. The results of our study
show a higher expression of pro-angiogenic chemokines
at basal level in mutated cell-lines, which was further
up-regulated by cytokine treatment. Moreover, specific
KRAS inhibition resulted in an increase of pro-angio-
genic chemokines, mainly through the NF-xB pathway
in wt (Caco2). Our findings point to the interconnection
of tumor mutation and its microenvironment.
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INTRODUCTION

Colorectal carcinoma (CRC) is considered as one of the
most common lethal cancers all over the world". The

major causes for CRC are environmental factors rather
than heritable genetic changes. The most important risk
factors for sporadic CRC include food-born mutagens,
specific intestinal pathogens, chronic intestinal inflamma-
tion and age'”.

Mutations in oncogenic and loss of tumor suppres-
sor genes trigger tumor development through mutiple
pathways"”. KRAS and BRAF are the most common mu-
tations found in CRC which can alter the cell signalling
pathways[4’5].

The RAS and RAF family of genes code for proteins
which belong to the RAS/RAF/MEK/ERK signalling
cascade within cells'”. This cascade is involved in the
transmission of extracellular signals which control a
variety of biological processes such as cell growth, cell
survival and migrationm. Disruption of this pathway,
through gain-of-function mutations in RAS and RAF fa-
mily members, is well described in several different types
of cancer. In CRCs, mutations are less frequently found
in the BRAF and to a larger extent in the KRAS genes'™”.
The later is an early event' ™" and occuring in 30%-50%
of these tumors'”.

KRAS and its downstream effector molecules play a
central role in the development of several tumor types,
including colon cancer'?. In fact, the KRAS and BRAF
proteins are known to be a key downstream component
of epidermal growth factor receptor (EGFR) signalingm].
EGFR signaling is an important mediator within the
tumor microenvironment and is well established in auto-
crine and paracrine circuits that result in enhanced tumor

growth[m.
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A major contributor to the tumor microenvironment are
inflammation and its mediators (especially the cytokines 1,

Tumor cells themselves can produce cytokines, includ-
ing interleukin-1 /B (IL-1a./B), interferon gamma (IFNy)
and tumor necrosis factor o (TNFoy)!"” maintaining a pro-
inflammatory microenvironment. They also secrete chem-
okines inducing further infiltration of immune-cells. It is
known that colorectal tumors that are not associated with
clinically detectable inflammatory bowel disease (IBD)
show an immune cell infiltrate and an increased expres-
sion of pro-inflammatory cytokines (IL-1f, IFNy and
TNFa)"™". Not only tumor cells themselves, but also
stromal cells of the tumor microenvironment may release
pro-inflammatory cytokines which in turn act on CRC-
cells to secrete chemokines®™. These chemokines attract
immune cells which act on the tumor cell and its microen-
vironment, thereby multiplying the inflammatory effects
and subsequent tumor initiation and promotion'”.

Chemo-attractant cytokines play a key role in the
modulation of the immune system™. Chemokines are
thought to be responsible for recruiting immune cells.
They are actively involved in inflammation, tissue repair,
development of fibrosis and tumor growth™*’, Chem-
okines, comprise a set of low-molecular weight cytokines
(7-10 kDa), which play a key role in directing migration
and activation of leukocytes in the inflaimmatory proc-
esses”. Based on their primary structure, chemokines are
distinguished as C, CC, CXC or CX3C where “X” repre-
sents a non-conserved amino acid substitution™,

Several studies have been published to elucidate the
dual role of chemokines in promotion and inhibition of
angiogenesis*”. Of the CXC chemokines which regu-
late angiogenesis, CXCL1 promotes tumor angiogenesis,
whilst CXCL10 inhibits neo-vascularisation™""*?.,

Based on these studies, we hypothesized that stromal
cells of the tumor microenvironment may release pro-
inflammatory cytokines (IL-1f, IFNy, and TNFa) EGF
which in turn act on CRC-cells to secrete chemokines
(CXCL1 and CXCL10). These chemokines in turn at-
tract inflammatory cells which influence on the tumor
cells and their microenvironment, thereby multiplying
the inflammatory effects and subsequent tumor initiation
and promotion.

Little is known about the effect of these pro-inflam-
matory mediators on the gene expression of chemokines
(CXCL1 and CXCL10) in the presence/absence of
KRAS mutation. Hence, the profile of cytokine (INFa,
IFNy and IL-1p) and pro- (CXCL1) and anti-angiogenic
(CXCL10) chemokine gene expression was examined in
view of the different mutations in CRC cell lines. It was
the aim of this study to further investigate the regulation
of these chemokines in CRC mutated and non-mutated
cell lines after administration of pro-inflammatory cyto-
kines (TNFa, IFNy and IL-1f). Finally, the role of these
chemokines was explored by knocking down the KRAS
gene in mutant (DLD-1) and wild type (Caco2) colorectal
cancer cell lines.

Our findings would give an insight into the interconnec-
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Table 1 List of human primers sequences used for polymerase chain reactions

Primer 5’—3’ forward 57—3’ reverse

Human B-actin CTG GCACCCAGCACAATG CCGATCCACACGGAGTACTTG
Human CXCL1 (GROa) GTGTGAACGTGAAGTCCCCC GCTGCAGAAATCAGGAAGGC
Human CXCLS8 (IL-8) ATGACTTCCAAGCTGGCCG GCTGCAGAAATCAGGAAGGC
Human CXCL10 (IP-10) CCAGAATCGAAGGCCATCAA CATTTCCTTGCTAACTGCTTTCAG
Human TNFa CCCAGGCAGTCAGATCATCTTC AGCTGCCCCTCAGCTTGA
Human IFNy CCAACGCAAAGCAATACATGA TTTTCGCTTCCCTGTTTTAGC
Human IL-18 AATTTGAGTCTGCCCAGTTCCC AGTCAGTTATATCCTGGCCGCC
Human TNFa Recl AGGAAGAACCAGTACCGGCAT TCTGTTTCTCCTGGCAGGAGA
Human IL1B Recl TGTTCAGGAGCTGAAGCCCAT AATTCACACAGCAGGACAG
Human IFNy Recl AAGAGCCGTTGTCTCCAGCAA TAAAGCGATGCTGCCAGGTTC

Human KRAS Codon 12 and 13

RAS A (Forward): 5 ACTGAATATAAACTTGTGGTCCATGGAGCT 3'

RAS B (Reverse): 5' TTATCTGTATCAAAGAATGGTCCTGCACCA 3'
RAS C (Reverse): 5' GGATGGTCCTCCACCAGTAATATGGATATT 3'

Human BRAF V600E

A-Allele (Forward): 5' AAAAATAGGTGATTTTGGTCTAGCTACTGTA 3

T-Allele (Forward): 5' AAAAATAGGTGATTTTGGTCTAGCTACTGT 3!
(Reverse): 5' ACACTGATTTTTGTGAATACTGGGAACT 3'

TNFo:Tumor necrosis factor o; INFy: Interferon-y; IL-1f: Interleukin-1p.

tion of the tumour and its micro-environmental factors.

MATERIALS AND METHODS

Chemicals and antibodies

The chemicals used in the present study were of analyti-
cal/molecular biology grade and purchased from com-
mercial sources as follows: The recombinant cytokines
IL-1B, TNFa and IFNy were purchased from Roche
(Mannheim, Germany). The chemicals and solutions were
purchased from Sigma (Steinheim, Germany): aprotinin,
DL-dithiothreitol (DTT), EDTA, leupeptin, phenyl-
methylsulfonyl fluoride (PMSF), phorbol 12-myristate
13-acetate (PMA), phosphatase inhibitor cocktail 1 and 2,
thiourea, urea; from Merck (Darmstadt, Germany): Glyc-
erin, HCI; RPMI 1640 medium, foetal calf serum (FCS),
penicillin/streptomycin and phosphate buffered saline
were purchased from Biochrom AG (Berlin,Germany);
and from Bio-Rad (Munich, Germany): The protein as-
say kit and ampholytes (Bio-Lyte® 3/10) were obtained
from BIO-RAD (Munich, Germany): Primers, protector
RNAse inhibitor and 1x RT buffer were supplied by In-
vitrogen (Darmstadt, Germany). The FAST Sybr Green
master mix was purchased from Applied Biosystems
(Darmstadt, Germany) and moloney murine leukaemia
virus reverse transcriptase (M-MLV RT) from Promega
(Mannheim, Germany). A list of primers used in the
study is shown in (Tables 1 and 2). A list of all antibodies
used in this study is listed with its concentrations in (Table
3).

Cell culture conditions and stimulation
The human colon adenocarcinoma cell lines Caco2,
HT-29, Colo-320, Colo-205 and DIL.D-1 were obtained
from DSMZ (Deutsche Sammlung von Mikroorganis-
men und Zellkulturen GmbH, Germany).

Caco?2 cells were grown in EMEM (Eagle’s minimal
essential medium), BioWhittacker, (Darmstadt, Germa-
ny) containing 20% fetal calf serum (FCS) supplemented
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with 100 U/mL each of penicillin and streptomycin and
1% non-essential amino acids at 37 'C and 5% COa.
DLD-1, HT-29, Colo-320 and Colo-205 were grown in
RPMI (Roswell Park Memorial Institute Medium) with
glutamin purchased from Biochrom AG (Berlin,Germa
ny);containing 10% FCS and 100 U/mL penicillin and
streptomycin at 37 ‘C and 5% COz Caco2, HT-29 and
DLD-1 cells were plated into six-well plates at a density
of 5 % 10’ cells per well for real-time polymerase chain
reactions (PCRs), Western Blot analysis and siRNA ex-
periments unless until stated and grown till they reached
70%-80% confluence. These cells were then stimulated
with IL-1B (1 ng/mL), TNFa (50 ng/mL) and IFNy (50
ng/ml) based on the type of experiments.

RNA isolation and real-time PCR

Total Ribonucleic acid (RNA) was isolated from cell
lysates by using Qiagen (Hilden,Germany) RNeasy mini
kit, according to the manufacturer’s protocol. The RNA
concentrations were determined photometrically using a
Gene Quant RNA/deoxyribonucleic acid (DNA) calcula-
tor Pharmacia, (Freiburg, Germany). RNA was subseque-
ntly used for real-time PCR. The cDNA was generated
by reverse transcription of 1pug of total RNA using 100
nmol/L of dNTPs from Invitrogen (Darmstadt, Get-
many), 50 pM of primer oligo(dT)15 Roche (Mannheim,
Germany), 200 units of (M-MLV) Moulony murine leu-
kemia virus reverse (Roche) transcriptase 16U of protec-
tor RNAse inhibitor (Roche) in 1 X RT buffer Invitrogen
(Darmstadt, Germany) and 2.5 mL of 0.1 mol/L dithio-
threitol (DTT) from Invitrogen (Darmstadt, Germany)
for 1 h at 40 °C as described””. Reverse transcription of
messenger RNA (mRNA) was performed using 1 pg of
total cellular RNA. To determine the mRNA expression
real-time PCR was carried out using human gene-specific
primers Invitrogen GmbH (Karlsruhe, Germany). Pri-
mers sequences are given in (Tables 1 and 2) for in an
ABI Prism 7000 sequence detection system. PCR re-
action was set up with Sybr® Green PCR Master mix
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Table 2 List of KRAS siRNA sequences for knockdown

KRAS siRNA sequence 5’ >3’ forward 57 -3’ reverse
Sequence 1 GCAAGUAGUAAUUGAUGGA UCCAUCAAUUACUACUUGC
Sequence 2 ACAGGCUCAGGACUUAGCA UGCUAAGUCCUGAGCCUGU
Sequence 3 GCAAGAAGUUAUGGAAUUCUA GAAUUCCAUAACUUCUUGCUC

Table 3 List of antibodies used in Western blotting analysis

Primary antibody Origin Dilutions primary Ab Provider
B-actin Mouse 1:5000 Sigma aldrich
CXCL1/GROo. Goat 1:500 R and D system
CXCL10/1P-10 Goat 1:500 R and D system
CXCL8/IL-8 Goat 1:500 R and D system
MAPK1 (ERK1/2) Rabbit 1:1000 Cell signalling
IkBa Rabbit 1:10000 Abcam
KRAS Rabbit 1:1000 ABBIO technology

from Invitrogen (Darmstadt, Germany) containing 0.3
umol/L primers each and 1 puL of RT-product in 25 uL
volume. A two-step amplification protocol was chosen
consisting of initial denaturation at 95 “C for 10 min fol-
lowed by 45 cycles with 15 s denaturation at 95 “C and 30
s annealing/extension at 60 “C. Finally, a dissociation pro-
tocol was performed to control specificity of amplifica-
tion products. The results were normalised to the house
keeping gene, and fold change expression was calculated
using threshold cycle (Ct) values. Beta actin was chosen
as house keeping gene its expression remained stable tho-
ughout the study.

Western blotting

Proteins were isolated from the cell lysate at the differ-
ent time points and Western blotting was performed as
described previouslyl34]. Briefly, protein contents were cal-
culated by the Commassie Protein Assay BIO-RAD (Mu-
nich, Germany). 20 pg of total protein were loaded on a
4%-12% Nu-PAGE Bis-Tris Invitrogen (Darmstadt, Ger-
many) gel and separated after 2 h electrophoresis at 80
V. After the transfer of gel into nitrocellulose membrane
in a semi-dry apparatus at 30 V for 1.5 h, the membran-
es were blocked in 5% (non-fat dried milk), and blotted
with primary antibodies overnight at 4 “C. The secondary
antibodies were horse raddish peroxidase conjugated goat
anti-rabbit and goat anti-mouse immunoglobulins Dako
(Hamburg, Germany) diluted at 1:1000. Membranes were
developed with the ECL chemiluminescence Kit purcha-
sed from Amersham Pharmacia Biotech (Freiburg, Get-
many). 3-actin was used as an internal loading control.

RNA interference

Two colorectal cancer cells DLLD-1 and Caco2 were plated
in 24 wells at a density of 5 X 10" cells per well. About
70% confluency were confirmed before transfection with
small interferring RNA (siRNA) oligonucleotides. All the
synthetic siRNAs sequences were designed in our labora-
tory and synthesized by Eurofins MWG Operon (Eb-
ersberg, Germany). Transfection reagent Lipofectamine
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from Invitrogen (Darmstadt, Germany) according to
the standard protocol of the manufacturer parameters
were optimized for each cell line prior to validation
according to the instructions given in the transfection
reagent handbook. Briefly, for triplicate transfections,
siRNA and Lipofectamine from Invitrogen (Darmstadst,
Germany) were diluted in 100 pl. DMEM from Gibco
(Grand Island, United States) without serum and incu-
bated for 10 min at room temperature. After cell culture
medium removal, 500 pl. fresh medium and 100 pL
transfection complexes wetre added per well. Cells were
incubated for 48 and 72 h before analyzing the degree
of knockdown. 20 nmol/L siRNA (6 uL) and 10 nmol/
L lipofectamine (12 pl.) which was considered to be
a combination which resulted in an acceptable KRAS
knock down after 48 and 72 h incubation time for the
following experiments. Transfection performance was
monitored using a validated scrambled siRNA control
Qiagen (Hilden, Germany). The experiments were pet-
formed in three replicates for both cell lines. KRAS
was determined by real time PCR and at protein level
through Western blotting. A list of the KRAS siRNA
sequences is shown in Table 2.

Statistical analysis

The data were analyzed using Prism Graph pad 5 softwa-
re (San Diego, United States). All experimental errors are
shown as SEM. Statistical significance was calculated by
one way ANOVA test and Student’s 7 test. Significance
was accepted at P < 0.05. Densitometry of the Western
blotting was analyzed with the Image-] software (NIH).
Results are shown as mean F SD. Significant difference
was accepted at P < 0.05 against control group and calcu-
lated according to the Student ~test.

RESULTS

Basal changes in mRNA expression of acute phase
cytokines in intestinal epithelial cell lines

The gene expression of major cytokines (ITNFa, 1L-
1B and IFNy) was studied at basal level in five CRC cell
lines. Previously, it has been published that intestinal
epithelial cell lines (IECs) depending on their origin and
maturity may have a different and distinct pattern of che-
mokine/cytokine expressionpsj. Using gene specific prim-
ers the real time PCR data showed that the basal mRNA
expression of TNFq, normalised to B-actin expression,
was highest in Caco2 (Wt) followed by HT-29 (BRAF)
and the lowest expression was observed in the DLD-
1(KRAS) cell line (Figure 1A; P < 0.05). The highest IL-
1B expression was observed in both BRAF mutated cell
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Figure 1 Basal mRNA expression of acute-phase cytokines in different intestinal epithelial cell-lines. A: Tumor necrosis factor-o. (TNF-a.); B: Interleukin (IL-B);
C: Interferon-y (IFN-y); D: Interleukin-6 (IL-6). The mutation is given in parenthesis. 5 x 10° cells were plated into 6 well plates and grown for 24 h. The cells were
harvested, total RNA was isolated and first strand cDNA was prepared from 1 pg of total RNA. Ct values were normalized to 3-actin as a housekeeping gene. The
results were compared with the fold changes of Caco2 mRNA expression, taken as a control. Results represent mean + SE (°P < 0.05 vs Caco2 analyzed by one way

ANOVA, 1= 4).

lines HT-29 and Colo-205, followed by the two wild type
Colo-320 and Caco?2 cell lines respectively. The lowest ex-
pression for IL-1f was found in DLD-1 (KRAS) (Figure
1B; P < 0.05). To summarize, basal expression was very
low in the KRAS mutated cell line DLLD-1 for the pro-
inflammatory cytokines (TNFq and IL-1f3). Moreover,
IFNy and IL-6 showed no expression in any of the cell
lines (Figure 1C, D).

Basal changes in mRNA expression of acute phase
cytokine receptors in IECs

The basal level of cytokine receptor mRNA expression
in the five cell lines revealed that Colo-205 and HT-29
(BRAF mutated) have the highest expression of TNFa
Recl (Figure 2A; P < 0.05). IL-1B Rec was found in
Caco2 (Wt) followed by DLD-1 (KRAS) and Colo-205
(BRAF) (Figure 2B; P < 0.05). Even though IFNy did

not show any expression for the five cell lines at the basal
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level. However, IFNy Recl showed the maximum expres-
sion in Colo-205 and HT-29 (BRAF) followed by Caco?2
(Wt) in comparison with TNFa, Recl and IL-1f3 Rec 1.

(Figure 2C; P < 0.05).

Basal mRNA expression of proinflammatory chemokines

(CXCL1,CXCL8 and CXCL10) in colorectal cell lines

The differences in the basal level of mRNA expression
of chemokines were studied in five different cell lines.
The mRNA expression of CXCL1 was significantly
higher in the mutated cell lines HT-29 (BRAF) followed
by Colo-205 (BRAF) and DLD-1 (KRAS) (Figure 3A, B;
P < 0.05). However, the expression was low in the wild
type cell lines Caco2 and Colo-320. In contrast, CXCL10
mRNA was significantly increased in the wild type cell
lines Caco2 and Colo-320. It was found that CXCL10
mRNA expression was lowest in the mutated cell lines

(HT-29, DLD-1 and Colo-205) (Figure 3C; P < 0.05).
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Figure 2 Basal mRNA expression of cytokine receptors in intestinal epithe-
lial cells. A: Tumor necrosis factor-o. (TNFa)- Rec1; B: Interleukin-14 (IL-1B); C:
Interferon-y (IFNy)-Rec1. 5 x 10° cells were plated into 6 well plates and grown
for 24 h. The cells were harvested, total RNA was isolated and first strand cDNA
was prepared from 1 ug of total RNA. Ct values were normalized with 3-actin
as a housekeeping gene. The results were compared with the fold changes of
Caco2 mRNA expression, taken as a control. Results represent mean + SE (°P
<0.05,°P < 0.01 vs Caco2 analyzed by one way ANOVA, n = 4).
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Figure 3 Basal mRNA expression of chemokines in intestinal epithelial
cells. A: CXCL1; B: CXCL8; C: CXCL10. 5 x 10° cells were plated into 6 well
plates and grown for 24 h. The cells were harvested, total RNA was isolated and
first strand cDNA was prepared from 1 ug of total RNA. Ct values were norma-
lized with B-actin as a housekeeping gene. The results were compared with the
fold changes of Caco2 mRNA expression, taken as a control. Results represent
mean = SE (°P < 0.05, °P < 0.01 vs Caco2 analyzed by one way ANOVA, n = 4).
CXCL1: Chemokine (C-X-C motif) ligand 1.
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Figure 4 Regulation of CXCL1 mRNA expression by cytokine in intestinal epithelial cells. A: Relative transcript expression of chemokine (C-X-C motif) ligand
(CXCL)1/Gro-alpha in unstimulated cell-lines; B: Relative transcript expression of CXCL1/Gro-alpha in tumor necrosis factor-o. (TNFau) stimulated cell-lines; C: Relative
transcript expression of CXCL1/Gro-alpha in interleukin (IL)-1beta stimulated cell-lines; D: Relative transcript expression of CXCL1/Gro-alpha in interferon (IFN)-gamma
stimulated cell-lines. [5 x 10° cells were plated into 6 well plates and grown for 24 h and then stimulated with tumor necrosis factor o (50 ng), interleukin-1p (1 ng), and
interferon-y (50 ng)]. The cells were harvested, total RNA was isolated and first strand cDNA was prepared from 1 g of total RNA. Ct values were normalized with 3-actin

as a housekeeping gene. Results represent mean + SE (°P < 0.05 vs non-stimulated zero controls) analyzed by one way ANOVA, n = 3).

Regulation of CXCL1 mRNA expression by cytokines
Three cell lines with two different mutations DLD-1
(KRAS), HT-29 (BRAF) and Caco2 (Wild type) were ex-
amined for the time kinetics of CXCL1 mRNA expres-
sion and protein secretion. The cytokines were adminis-
tered at the following concentrations: IL-1B (1 ng/mL),
TNFa (50 ng/mL) and IFNy (50 ng/mL) were adminis-
tered to IECs.

Under control conditions (Figure 4A), CXCL1 mRNA
expression did not change over the experiment. CXCL1
mRNA was inducible early at 1h after stimulation with
TNFa in DLD-1 (KRAS) (310 £ 2.18 fold), followed by
HT-29 (BRAF; 36.15 + 3.28 fold), whereas no change
was detected in CXCL1 mRNA expression in the Caco2
cell line. The induction by TNFq, of CXCL1 in HT-29
was milder as compared to DLD-1 but lasted until 8 h
after stimulation, while in DLD-1 it lasted only until 2 h
at high levels (Figure 4B; P < 0.05). IL-1f induced the
highest gene expression of CXCL1 in HT-29 (BRAF;
46.42 + 5.98 fold), followed by DLD-1 (KRAS; 21.19 *
0.37 fold), However, in Caco2 (Wt) IL-1p did not affect
the CXCL1 gene expression (Figure 4C; P < 0.05). IFNy
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stimulation showed a delayed increase of CXCL1 gene
expression in Caco2 (Wt; 346.84 £ 23.01 fold) which was
highest at 24 h, followed by HT-29 (BRAF; 14.43 £ 2.50
fold) at 8 h (Figure 4D; P < 0.05).

Changes in the protein expression of CXCL1 in
colorectal cancer cell lines Caco2 (Wt), DLD-1 (KRAS)
and HT-29 (BRAF) by cytokines (TNFc, IL-13 and IFNy)
The effect of cytokine stimulation on CXCL1 was fur-
ther analysed at protein level by Western blotting (Fig-
ure 5A-C) in Caco2 (Wt), DLD-1 (KRAS) and HT-29
(BRAF) cell lines. Western blotting analysis was pet-
formed by using anti-CXCL1 antibody to confirm the
changes occurring at mRINA level and to document the
protein expression of CXCL1 chemokine in IECs over
the time.

TNFo stimulation: The CXCL1 protein secretion un-
der control conditions did not vary to a greater extent
in the analysed cell lines. Similar to what was observed
at mRNA level, DLD-1 showed a significant and early
increase at 1h and a maximum at 2h after TNFo stimula-
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Figure 5 Caco2 (Wt), DLD-1 (KRAS) and HT-29 (BRAF) Western blotting analysis. The bands represent chemokine (C-X-C motif) ligand (CXCL)-1 protein expres-
sion (upper panel) at different time points after stimulation of Caco2 (A), DLD-1 (B) and HT-29 (C) cell lines with tumor necrosis factor-a (TNFa) (50 ng/mL), interleu-
kin (IL)-1beta (1 ng/mL) and interferon (IFN)-gamma (50 ng/mL) compared to the loading control betabb-actin (lower panel).

tion compared to the baseline conditions. In contrary to
mRNA level, an increase in CXCL1 was detected with a
maximum at 8 h in the Caco2 cell line in comparison to
their controls. The HT-29 cell line showed an increase at
2 h and 8 h followed by decrease at 24 h as compared to
respective controls. The data demonstrates that TNFq,
at protein level also showed significant increase in KRAS
mutated cell line (DLD-1).

IL-1f stimulation: Similar to the mRNA expression, IL-
1B induced a significant protein level of CXCL1 in all the
studied cell lines. Among them, an increase in Caco2 was
the most pronounced at 2 and 8 h compared to untreated
cells. However, a statistically significant expression was

detected in all studied time points as was also observed
for HT-29 and DLD-1 after IL-1 stimulation.

IFNy stimulation: Likewise regarding mRNA expres-
sion, a clear gradual increase for CXCL1 in Caco2 was
observed after IFNy stimulation. This increase was at its
maximum by 8 h in Caco2. HT-29 (BRAF) and DLD-1
(KRAS) also showed an increase with a maximum at 2h
after IFNy stimulation (Figure 5A-C).

Taken together, a significant increased protein level of
CXCL1 was observed by treatment of cytokines (TNFa,
IL1-B and IFNy) in all studied cell lines Caco2(Wt),
DLD-1 (KRAS) and HT-29 (BRAF). However, we could
observe a difference among some cytokines treatments
and cell lines between the mRNA and protein expression.
It might be due to the secretory nature of proteins which
makes it difficult to compare CXCL1 protein expression
to mRNA expression in mutated and wild type cell lines,
as the proteins might be released into the supernatant.
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Regulation of CXCL10 mRNA expression by cytokines
CXCL10 showed a distinct expression after cytokine
stimulation in each cell line. The mRNA expression un-
der control conditions showed no difference in the cell
lines during the study (Figure 6A). TNFo induced the
maximum CXCL10 gene expression in HT-29 (BRAF;
163.14 £ 0.1 fold) after 8 h. In DLD-1 (KRAS) and
Caco2 (Wt) cell lines a low CXCL10 mRNA expression
was observed (Figure 6B; P < 0.05).

IL-1B treatment showed a maximum CXCL10 gene
expression in HT-29 (BRAF) (49.72 £+ 6.25 fold) follo-
wed by Caco2 (Wt) (36.86 £ 5.13 fold) with a maximum
expression at 2h, whereas DLD-1 only showed mild
changes compared to non-stimulated controls (Figure 6C;
P <0.05).

In our experiment, IFNy significantly enhanced
CXCL10 mRNA expression in mutated cell lines HT-29
(BRAF; 15361.19 + 2974.33 fold) followed by DLD-1
(KRAS; 597.71 £ 064.62 fold) in contrast to the wild type
cell line Caco2 (Wt 45.75 £ 1.44 fold) (Figure 6D; P < 0.05).

Changes in the protein expression of CXCL10 in
colorectal cancer cell lines Caco2 (Wt), DLD-1 (KRAS)
and HT-29 (BRAF) by cytokines (TNFc, IL-13 and IFNy)
The Western blotting analysis of CXCL10 revealed weak
expression for all the cell lines under control conditions
(Figure 7A-C).

IL-1pB stimulation showed no significant changes in
any of the three cell lines.

HT-29 showed a highly significant increase due to
TNFa after one hour and reaching at its maximum by
24 h.

Also IFNy stimulation increased CXCL10 expression
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Figure 6 Time Kinetics of chemokine (C-X-C motif) ligand 10 mRNA expression in intestinal epithelial cells. 5 x 10° cells were plated into 6 well plates and
grown for 24 h (A) and then stimulated with tumor necrosis factor-o. (TNFa) (B, 50 ng), interleukin (IL)-1B (C, 1 ng), and interferon (IFN)-y (D, 50 ng). The cells were
harvested, total RNA was isolated and first strand cDNA was prepared from 1 ug of total RNA. Ct values were normalized with 3-actin as a housekeeping gene. Re-
sults represent mean + SE (°P < 0.05 vs non-stimulated zero control) analyzed by one way ANOVA, n = 3). CXCL: Chemokine (C-X-C motif) ligand.

in HT-29 at early 1h and the same expression was found
throughout the study (Figure 7A-C).

KRAS mRNA and protein expression in DLD-1 and
Caco2 after KRAS knockdown

For down-regulation of KRAS expression in DLD-1
(KRAS) and Caco2 (Wt) cells, KRAS-specific siRNA
was used in transfection studies. Two human colorectal
carcinoma cell lines DILD-1 and Caco2 were chosen to
examine the different effects of KRAS knockdown in
a wild type compared to a KRAS mutated cell line after
48 h and 72 h in comparison to the scrambled siRNA.
The results revealed that siRNAs down-regulated KRAS
mRNA expression after 48 h in DLD-1 (25%) and Caco2
(20%), respectively. After 72 h, incubation with siRNA
significantly reduced KRAS mRNA expression to appro-
ximately DLD-1 (55%) and Caco2 (58%), respectively
(Figure 8A, B; P < 0.05).

The silencing of KRAS was more pronounced at
protein level compared to mRNA data. By using a KRAS
antibody, Western blotting analysis of three independent
experiments revealed a significant reduction in KRAS
protein expression in the DLD-1 cell line. The most pro-
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nounced inhibition was observed at 48 h (67% KRAS
knockdown) and 72 h (85% KRAS knockdown) after
siRNA transfection (Figure 8C, E).

Similar results were also detected in the Caco2 cell line
with a maximum at 48 h (67% KRAS knockdown) and af-
ter 72 h (62% KRAS knockdown) (Figure 8D, F; P < 0.05).

Changes in chemokine mRNA expression due to KRAS
knockdown in DLD-1 and Caco2

To further explore the consequences of decreased KRAS
expression due to KRAS siRNA silencing, we studied the
chemokine gene expression at mRNA level.

In the DLD-1 cell line, a significant decrease in CXCL1
mRNA level was detected at 72 'h (0.31 £ 0.07 fold; P < 0.05
vs scrambled control) after transfection. Similarly CXCL10
also showed a decreased (0.30 £ 0.08 fold; P < 0.05 »s
scrambled control) gene expression after 72 h transfection
due to KRAS inhibition (Figure 9A, B; P < 0.05).

Contrary to DLD-1 (KRAS), in Caco2 (Wt) cells, the
KRAS knockdown resulted in significant up-regulation of
CXCL1 (9.79 £ 3.6 fold; P < 0.05 »s scrambled Control),
and CXCL10 (18.40 % 12.80 fold; P < 0.05 #s scrambled
Control) mRNA expression after 72 h transfection (Figure
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Figure 7 Shows Caco2 (Wt) (A), DLD-1 (KRAS) (B) and HT-29 (BRAF) (C) Western blotting analysis. The cytokines interleukin-1p (1 ng/mL), tumor necrosis fac-
tor o (50 ng/mL) and interferon-y (50 ng/mL) were stimulated to the cells and the total cell lysates was isolated and 20 ug were separated by 15%-20% NuPAGE Bis-
Tris gel electrophoresis, blotted and probed with chemokine (C-X-C motif) ligand (CXCL) 10 antibody. B-actin (43 kDa) was analyzed as an internal control.

9C, D; P <0.05).

To summarize, the results indicate a change in cytoki-
ne-gene expression of both cell lines after KRAS inhibi-
tion. Moreover, CXCL1 and CXCL10 showed an opposite
expression in the two cell lines.

Changes in protein expression of MAPK1 and lcBao: due
to KRAS knockdown in DLD-1 (KRAS) and Caco2

To further evaluate the reason of change in chemokine
gene expression by KRAS-knock down in both DLD-1
and Caco2 cell lines, transcription factors MAPK1 and
IkBa were analysed at protein level (Figure 10A, D).
MAPKTI specific protein band was detectable at 44 kDa
in DLD-1 and Caco2 cells. The MAPK1 desitometric
analysis of three experiments showed no significant
change after 48 h and 72 h by KRAS reduction. The data
suggested that inhibition of KRAS has no significant ef-
fect in either cell lines for MAPK1 (Figure 10B, E).

To analyse the activation of the NF-kB pathway, cell
lysates were analyzed for changes in the level of total
IkBal (subunits of NF-xB), as phosphorylation of the
p65 subunit and the degradation of IkBa are known
to be associated with activation of the NF-xB classical
pathway™. However, inhibition of KRAS expression by
siRNA affects significantly the levels of IxkBa in Caco2
(Figure 10F). Our results revealed that after 48 h of
transfection, it reduced IxkBa protein level to 46% and
approximately 70% after 48 h and 72 h respectively. Fur-
thermore, a non-significant decrease in DLD-1 was also
detected after KRAS gene knockdown (Figure 10C).

DISCUSSION

Chronic inflammation drives cancer development through
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tissue damage and release of pro-inflammatory media-
tors””. Tt is known that cytokine stimulation of tumor
cells can cause the tumor to produce growth factors,
inflammatory mediators (Z.e., chemokines) and proan-
glogenic factors™. The tumor is thus able to influence
and maintain its own microenvitonment, which includes
immune cells, stromal cells and microvessels. It can be
hypothesized that different mutations caused during
tumorigenesis might drive a varying microenvironment.
KRAS and BRAF mutation has been reported in ap-
proximately 50% of CRCs. For lung tumors, it has been
shown that KRAS activation generates a proinflammatory
microenvironment which may promote tumor growth
and invasion””. Similar data have also been reported for
pancreatic cancer". Recently, a RAS-mutation dependent
behaviour of CRC cell lines after exposure to inflamma-
tory mediators was documented". The significance of
WT, KRAS and BRAF mutational status for chemokine
production of the various CRC cell lines has not been
studied so far. Hence, the aim of our study was to inve-
stigate the influence of different CRC-mutations in view
of the regulation and induction of inflammatory cytoki-
nes and chemokines.

A panel of cytokines (ITNFaq, IL-1f, IFNy and 11.-6)
and cytokine receptors, which are more commonly in-
volved in the tumor control and progression in colorectal
carcinoma cell lines, was evaluated. We showed a low
basal transcript expression of TNFq and IL-1f in the
KRAS mutated (DLD-1) cell line, compared to wild type
(Caco2). No detection at basal level was found for 1L.-6
and IFNy in any of the studied cell lines. In contrast, the
pro-angiogenic chemokines CXCL1, CXCLS8 showed a
high constitutive expression in mutated cell lines DLD-1
(KRAS), HT-29 and Colo205 (BRAF), compared to wild

March 21,2014 | Volume 20 | Issue 11 |
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Figure 8 The figure shows the results of KRAS inhibition from transient transfection of KRAS siRNA in DLD-1 and Caco2 cell lines at RNA and protein lev-
el. A-D: Relative expression of KRAS at RNA-level by RT-PCR (A and B) and protein expression by Western blotting (C and D) at 48 h and 72 h after KRAS inhibition;
E, F: Note the significant down-regulation of KRAS at 48 and 72 h at protein level by densitometric analysis in both, DLD1 and Caco?2 cell-lines. Changes are shown in
percent, compared to scrambled siRNA. Data are presented as mean + SE of 3 independent experiments with double confirmation. °P < 0.05 vs scrambled 72 h.

type (Caco2). However, the anti-angiogenic chemokine
(CXCL10) showed a high basal expression in wild type,
compared to the mutated cell lines. The high basal ex-
pression of pro-angiogenic chemokines together with
a low basal expression of inflammatory cytokines in
mutated cell lines implies that these cell-lines became in-
dependent of external pro-inflammatory stimuli. A pro-
angiogenic microenvironment promotes neovascularisa-
tion and as a consequence facilitates metastasis'
Treatment with pro-inflaimmatory cytokines showed
an induction of CXCL1 gene expression in mutated, and
to a lesser extent in wild type cell lines at mRNA and pro-
tein level. The most pronounced and quick induction of
CXCL1 gene expression was detected after TNFo, stimu-
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lation in DLD-1 (KRAS-mutated) followed by HT-29
(BRAF-mutated) compared to Caco2 (Wt). Similar results
were found after treatment with IL-1f which induced the
maximum gene expression of CXCL1 in HT-29 followed
by DLD-1; a minor but significant increase was also
found in Caco2 (Wt).

CXCL10 at mRNA level were significantly induced
by IFNy in the mutated cell lines HT-29 followed by
DLD-1, in comparison to wild type (Caco2).

A decreased CXCL1 and CXCL10 gene expression
was detected in the DLD-1 (KRAS) cell line in compari-
son to wild type (Caco2) at 72h after KRAS silencing.
The specific KRAS inhibition resulted in an up-regulation
of CXCL1 and CXCL10 and induction of the NF-kB
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Figure 9 Transient transfection of KRAS siRNA in DLD-1 (KRAS) and Caco2 (Wt) cell line. Expression of chemokine (C-X-C motif) ligand (CXCL)-1/Gro-alpha (A)
and CXCL10/IP-10 (B) in the DLD-1 (KRAS-mutant) cell-ine. Expression of CXCL-1/Gro-alpha (C) and CXCL-10/IP-10 (D) in the Caco2 (WT) cell-line. 5 x 10° cells
were plated into 24 well plates and grown for 24 h and then transfected with KRAS siRNA or scrambled (20 nmol/L) for 72 h. Real time PCR was performed for chem-
okine CXCL1 and CXCL10 with gene specific primers and the expression was normalized to -actin expression measured in the same sample as an internal control.
Data presented are the mean + SE of 4 independent experiments with double confirmation. °P < 0.05 vs scrambled 72 h.

pathway in wild type (Caco2) cell line.

Inflammatory cytokines play an important role in
CRC", Significant differences were observed for basal
TNFa and IL-1B expression between mutated (IKKRAS
and BRAF) and non-mutated CRC cell lines. A pro- as
well as anti-cancer role of TNF has been described'.
This anticancer effect is multi-factorial as TNF can cause
vascular necrosis, tumor necrosis and has a direct apop-
totic effect on tumor cells™™. Gene expression of TNFa
was found to be the lowest in KRAS and BRAF mu-
tated cell lines compared to non-mutated cells. Based on
these data, it could be suggested that a reduction in basal
TNFa level in mutated cell lines compared to wild type
cell lines could be related to a reduced cell necrosis and
apoptosis in this rapid turnover system. In other words,
reduction in TNF expression might help mutated cells to
survive in a rather hypoxic tumor microenvironment.

Similar results were obtained for IL-1f basal expres-
sion with the exception of BRAF mutated cell lines
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which showed an induction of IL-1f compared to KRAS
mutated or non-mutated cell lines.

Another important aspect of the current study was the
absence of IFNy and IL-6 at basal mRNA level. However,
IFNy and I1.-6 cytokine receptors were detected, as were
TNFq and IL-1f receptors at basal level. The presence
of the receptors points to a functional cytokine sensitiv-
ity. A role of IL-6 in tumor progression has already been
described™. In fact, interferons are proteins involved in
many functions including, apoptosis, cell cycle control
and they act as mediators of other cytokines'**, IFNy is
known for anti-proliferative and furthermore anti-tumor
activity in CRC™. The lack of detection of these main
pro-inflammatory cytokines in any of the studied cell lines
could explain that tumor cells are able to promote their
microenvironment according to their needs. Additionally,
IFNy might induce the anti-tumorigenic role of TNF")
and the absence of IFNy might thus prevent TNF-

induced classic apoptosis pathway. Reduced expression of
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Figure 10 Effect of MAPK1 and I«Bo. protein expression in DLD-1 and Caco2 cells after KRAS knockdown. Proteins (20 ng) from whole-cell lysates were
size-fractionated by SDS-PAGE and transferred on to membranes, and incubated with antibodies as indicated. Representative Western blotting of mitogen-activated
protein kinase (MARK)-1 (44 kDa) and liBa. (41 kDa) proteins in DLD-1 cells (A) and Caco2 cells (D). Densitometric analysis of MAPK-1 (B and C) and IkBa. proteins (E
and F) in DLD-1 cells and Caco2 cells. Proteins were densitometrically quantified and expressed as percent increase or decrease compared with scrambled controls.
Equal loading of total proteins were ensured by B-actin (43 kDa). Data presented are the mean + SE of 3 independent experiments with double confirmation. *P < 0.05

vs scrambled.

TNFq in mutated cell lines and the complete abolishment
of IFNy expression in our data could be associated with
increased tumor progression as has been suggested above.
Chemokines are known to attract leukocytes during
stress conditions””” and promote tumor development”,
According to our results, the increased gene expres-
sion of CXCL1 and CXCLS8 as well as the decreased
CXCL10 gene expression in KRAS and BRAF mutated
cell lines compared to wild type (Caco2 and Colo-320)
cell lines indicates the likely existence of a specific micro-
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environment depending on the mutation status. Previous-
ly, CXCL1 protein secretion was found to be enhanced
in a highly metastatic cell line as compared to a cell line
with low metastatic potential”ol. This is in accordance
with our results. Recent studies have also shown a differ-
ence of chemokine expression in intestinal epithelial cells
of normal and IBD patients[sm. The levels of chemokine
expression also correlated well with activity of the dis-
ease. Some differences were found in chemokine expres-
sion between ulcerative colitis (UC) and Crohn’s disease
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CcDy™, suggesting that they share common inflamma-
tory pathways.

Moreover, in the tumor microenvironment, the bal-
ance between pro-and anti-angiogenic chemokines may
determine the degree of angiogenesis and the ensuing
tumor progression.

In our experiments, TNFo and IFNy were the main
inducers for CXCL1 and CXCL10 gene expression in
mutated cell lines compared to the wild type (Caco2) cell
line. However, an exception was observed for CXCL8
which showed a higher induction in wild type than in mu-
tated cell lines after IL1[3 administration.

To understand the possible role of KRAS and the
consequences of inhibiting its activity or expression in
colorectal cancer cell lines, a KRAS knockdown experi-
ment was performed in KRAS-mutant (DLD-1) and
wild type (Caco2) cell lines. Specific siRNA inhibition of
the KRAS gene in a KRAS-mutated cell line (DLD-1)
showed a reduced gene expression of the chemokines
CXCL1 and CXCIL10.

These results support that mutation of the RAS gene
in colon cancer influences gene regulation of chemokines
which is in accordance to previous reports. A previous
report stated a reduced expression of chemokines after
mutant KRAS inhibition in a human cancer cell line®".
Furthermore, a stable knockdown of oncogenic KRAS
led to reduced proliferation rates and anchorage inde-
pendent growth in lung adenocarcinoma cell lines™

It suggests that mutant KRAS may affect the chem-
okine levels by shifting to additional pathways. An up-
regulated chemokine levels mean increased recruitment
of immune cells or stromal cells which are known to play
a role in tumor growth and metastasis” .

A large fraction of CRC tumors and cell lines exhibit
constitutive activation of transcription factors that are
essential components of multiple inflammatory pathways
such as NF-xB and MAPK1"**" which can be acivated
by inflammatory cytokines”™ ",

A previous study reported that inhibition of NF-kB
pathway reduces chemokine gene expression which could
imply a pharmacological importance in treating IBD™.
These results are in accordance with our study, where
inhibition of KRAS by the siRNA approach induced
NF-kB (reduced IxBa-level) followed by an increase
in chemokine gene expression in the wild type cell line
(Caco2).

To summarize the data, basal chemokine gene expres-
sion for pro-angiogenic chemokines was high in mutated
as compared to wild type cell lines. Furthermore, cytokine
treatment induces the expression of pro-angiogenic
(CXCL1) and anti-angiogenic (CXCL10) chemokines dif-
ferentially in mutated cell lines compared to wild type.

Our findings give an insight into the interconnection
of the tumor and its microenvironmental factors. A pro-
angiogenic microenvironment promotes neovascularisa-
tion and as a consequence facilitates metastasis”™. The
pro-angiogenic microenvironment in mutated CRC cell
lines might thus be prognostic for a more aggressive and
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pro-metastatic tumor behaviour, predictive for the use
of anti-angiogenic therapies. It is known, that wild type
mutational status is an important predictor of anti-EGF-
receptor therapieslS7J. In the head-to-head comparison
of the FOLFIRI chemotherapy with anti-EGEFR or anti-
VEGF-supplementation, patients with RAS-mutant tu-
mors seem to benefit from anti-VEGF therapy in view
of the progression free survival. However, these data still
need further validation. The results of this study may
be helpful to build a rationale for the understanding of
microenvironment remodelling and tumor-microenvi-
ronment interactions in view of the different mutations.
It may help to rationalize the choice of molecular targets
for suitable therapeutic investigation in clinical studies.
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