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. It is assumed that some secreted
factors from different cell lines can affect
pro- and anti-inflammatory cytokines
profile in immune cells.

. The impact of colorectal cancer
cells conditioned media on the
peripheral blood mononuclear cells
without using colorectal cancer cells in
co-culture condition was evaluated.

. Monocytes induced by secreted
factors from colorectal cancer cells
acquired pro-inflammatory phenotype
due to alteration in gene expression of
pro- and anti-inflammatory cytokines.

Abstract

Background: Colorectal cancer (CRC) is the third most common
cancer worldwide. Studies have indicated that immune cells and
soluble factors play a key role in maintaining the balance between
tumor-promoting inflammation and anti-tumor immunity. It has
been shown that secreted cytokines from CRC cell lines could
affect peripheral blood mononuclear cells (PBMCs), monocytes,
and macrophages phenotypes. Macrophage infiltration has
been associated with good prognosis in some cancers, but with
poor prognosis in others. The present study aimed to evaluate
the effect of conditioned media from CRC cells (Caco-2) on
immune responses produced by PBMCs.

Methods: The present study was performed at the
Gastroenterology and Liver Diseases Research Institute, Shahid
Beheshti University of Medical Sciences (Tehran, Iran) in 2017.
Human monocytes were isolated from PBMCs by Ficoll gradient
media. The co-culture of monocytes and Caco-2 conditioned
media was carried out. RNA extraction and cDNA synthesis of
monocytes were performed after 96 hours. Gene expression of
pro- and anti-inflammatory cytokines was evaluated by real-
time PCR. Statistical analysis was performed using the SPSS
software (version 21.0) with the independent sample ¢ test.
P<0.05 was considered statistically significant.

Results: Compared to the control group, the treated monocytes
showed increased levels of interleukin-6 (P=0.001), interleukin-
12b (P=0.001), and interferon-gamma (P=0.02), as well as
decreased amounts of interleukin-4 (P=0.01), interleukin-10
(P=0.01), and tumor necrosis factor-alpha (P=0.01).
Conclusion: Secreted cytokines and soluble factors from Caco-2
induced the differentiation of PBMCs, particularly the monocytes,
toward inflammatory phenotype according to the altered gene
expression of inflammatory and anti-inflammatory cytokines.
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Introduction

The digestive system is exposed to many risk factors leading to
the development and progression of malignancies.' According to
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the World Cancer Research Fund International
(WCREF), CRC is the third most common cancer
in the general population.? In addition, it is the
second and third diagnosed malignancy in
women and men, respectively.® CRC occurs
mainly in individuals aged =50 years and is
caused by sporadic, genetics, and epigenetics
changes.*

The tumor microenvironment (TME) is a
complex system consisting of various cell
types, such as smooth muscle cells, myeloid-
derived suppressor cells (MDSCs), and
leukocytes (mainly inflammatory monocytes
and macrophages).* ®* The TME secrets various
soluble factors, cytokines, chemokines, and
cancer-derived exosomes; all of which have a
critical impact on the recruitment of different
immune cells.* ¢ 7 The immune system plays
a critical role in the maintenance of intestinal
homeostasis.® Infiltration by monocytes and
secreted anti-inflammatory cytokines from these
cells are the main factors in tumor progression
and metastasis in prostate and breast cancers,
resulting in poor prognosis. On the other hand,
in skin and CRCs, activation of the immune
system through the inflammatory pathways
correlates with a better prognosis.> '° Such
interaction between tumor cells and monocytes-
macrophages is considered as one of the
important issues in cancer research."

Based on the above-mentioned findings,
monocytes are the main players in CRC.
The ftransition of monocytes into tissue-
specific macrophages occurs in response to
different factors and cytokines of the tissue
microenvironment." 2 Monocytes are recruited
to the tumor site by cancer cell-derived
chemotactic cytokines, such as monocyte
chemoattractant protein-1 (MCP-1) and vascular
endothelial growth factor (VEGF).® The
macrophages have an important role in innate
and adaptive immune responses.” ' In terms
of their plasticity feature, they are divided into
two main categories, classically activated (M1)
macrophages with tumor-preventing properties
and alternatively activated (M2) macrophages
with tumor-promoting properties. Each of these
subtypes play different roles in different types of
cancers.® "

The bacterial antigens, Toll-like receptor
(TLR) ligands, lipopolysaccharides (LPS),
and interferon-gamma (IFN-y) induce the
polarization of monocytes into M1 phenotype.”®
'® M1-macrophages induce adaptive immune
responses by producing pro-inflammatory
cytokines such as tumor necrosis factor-alpha
(TNF-a), interleukin-6 (IL-6), and interleukin-12b
(IL-12b) with anti-tumoral properties.” '® On the
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otherhand, M2-macrophages participate in tissue
homeostasis and wound healing. They suppress
the immune system by inducing angiogenesis
and tumor progression. M2 subtypes are
characterized by immune suppressive cytokines
like interleukin-4 (IL-4), interleukin-10 (IL-10), and
tumor growth factor-beta (TGF-B).” 1

In the present study, we investigated
the impact of Caco-2 conditioned media on
PBMCs. Additionally, the impact of CRC-
conditioned media on the differentiation of
monocytes in acquiring either an inflammatory
or anti-inflammatory phenotype was evaluated
through the expression level of pro- and anti-
inflammatory genes. This is the first study that
evaluated the impact of CRC-conditioned media
on PBMCs without using CRC cells under
co-culture condition.

Materials and Methods

Cell Line and in Vitro Cell Culture

The colon cancer cell line was purchased
from Shahid Beheshti University of Medical
Sciences (Tehran, Iran) in 2017. The Caco-2
cell line was cultured in RPMI 1640 (Life
Technologies, Carlsbad, CA, USA) and enriched
with 10% fetal bovine serum (FBS) (Life
Technologies, Carlsbad, CA, USA), 100 U/ml
penicillin (Invitrogen, Carlsbad, CA, USA), and
100 mg/ml streptomycin (Invitrogen, Carlsbad,
CA, USA). The culture was incubated at 37 °C,
5% CO,, and 90% relative humidity. The Caco-2
cell line was cultured in six T-75 cell culture
flasks at a density of 1~1.5x10°¢ cells/ml. The
medium was changed every 2 or 3 days until the
confluency reached 50-60%. Then, the medium
was replaced with 5% completed media and the
cells were incubated under the same conditions
for 4 days until the confluency reached 70-80%.
The conditioned media were collected every 2
days after filtrating through 0.22 ym sterilized
syringe-driven filters (Jet Biofile, Guangzhou,
China). The filtered media were stored at -70 °C
till further use.

Patients’ Demographic Data

The participants were 12 healthy donors
(6 men and 6 women) with a similar physical
condition. The age range of the donors was
between 24 and 28 years with a normal body
mass index range between 18.5 and 24.9 kg/
m?. The donors were in good physical condition
without any family history of gastrointestinal
disorders and inflammatory diseases, such as
inflammatory bowel disease. Demographic data
of the donors are presented in table 1.

The participants were informed of the study

335



Mohebbi B, Ashtibaghaei K, Hashemi M, Hashemi M, Asadzadeh Aghdaei H, Zali MR

Table 1: Demographic data of all healthy donors

Participants’ Sex Age BMI Inflammatory Gastrointestinal IBD Celiac Region
codes (year-month) disease disorders (country)
PO1 F 26-02 20.51 No Constipation (mild)  No No Tehran (Iran)
P02 F 25-01 21.04 No No No No Tehran (Iran)
P03 F 25-06 20.90 No No No No Gilan (Iran)
P04 F 26-03 23.37 No No No No Tehran (Iran)
P05 F 24-09 21.85 No No No No Yazd (Iran)
P06 F 25-11 2243 No No No No Tehran (Iran)
P07 M 26-08 22.81 No No No No Tehran (Iran)
P08 M 27-02 23.79 No Constipation (mild)  No No Tehran (Iran)
P09 M 27-08 24.04 No No No No Isfahan (Iran)
P10 M 24-06 23.87 No No No No Tehran (Iran)
P11 M 25-02 22.34  No No No No Ardebil (Iran)
P12 M 26-04 21.50 No No No No Kermanshah
(Iran)

P: Participant; F: Female; M: Male

procedures and a written informed consent was
obtained prior to participation. The study was
approved (number: IR.IAUTMU.REC.1395.384)
by the Ethics Committee of Shahid Beheshti
University of Medical Sciences (Tehran, Iran).

Isolation of Peripheral Blood Mononuclear Cells
Peripheral blood was obtained from the 12
healthy donors and collected in heparinized
tubes. The blood was diluted with 1xDulbecco’s
phosphate-buffered saline (D-PBS) (Life
Technologies, Carlsbad, CA, USA). The human
PBMCs were obtained using Ficoll gradient
media (Sigma-Aldrich, St. Louis, MO, USA).
Briefly, the diluted blood was layered on Ficoll
and centrifuged at 100xg for 20 minutes at
room temperature. Then, the PBMCs layer
located between the plasma and Ficoll layer was
separated. PBMCs were washed in D-PBS before
resuspension in the medium by centrifugation at
100xg for 10 minutes at room temperature."”

Expansion of Human Monocytes

Isolated PBMCs were cultured in two different
groups as a test and control group (2x10° cells/
ml) in RPMI-1640 (Life Technologies, Carlsbad,
CA, USA) supplemented with 10% FBS (Life
Technologies, Carlsbad, CA, USA), 100 U/ml
penicillin (Invitrogen, Carlsbad, CA, USA), and
100 mg/ml streptomycin (Invitrogen, Carlsbad,
CA, USA). PBMCs were cultured in six T-25
cell culture flasks: three test flasks and three
control flasks. All experiments were performed
in triplicate. After 2 hours, the medium was
removed and PBMCs were washed twice with
D-PBS to eliminate the lymphocytes and to
maintain the monocytes in the flasks. The
viability of the cultured monocytes was evaluated
by Trypan blue staining and counted using a
hemocytometer.
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Treatment of Monocytes with CRC-Conditioned
Media

After 24 hours, the test flasks of cultured
PBMCs were treated with Caco-2 collected
conditioned media. The controls were cultured
in RPMI complete medium. Both the test and
control flasks were incubated for 96 hours at
37 °C, 5% CO,, and 90% relative humidity. All
experiments were performed in triplicate.

RNA Extraction and Quantitative Reverse
Transcription PCR (RT-PCR)

After 96 hours, the test and control
monocytes were detached using Trypsin-EDTA
(Invitrogen, Carlsbad, CA, USA). The total RNA
of detached monocytes from both the test and
control flasks was extracted using the YTA total
RNA purification mini kit (FavorGen, Taiwan).
Briefly, 350 pl of RB Buffer (25 ml) and 3.5 pl of
B-Mercaptoethanol (3-ME) were added to detach
the monocytes (1~5%108 cells). Moreover, DNase
| digestion was performed to eliminate genomic
DNA contamination. RNA was eluted by adding
50 ul of RNase-free ddH,O. The purified total
RNA was quantified using a NanoDrop ND-1000
spectrophotometer (NanoDrop Technologies,
Wilmington, USA). The RNA was stored at -70
°C till further use.

The extracted RNAs were used as the
substrate in the qPCRBIO cDNA synthesis kit
in accordance with the manufacturer’s protocol
(PCR Biosystems Ltd., London, UK) in a final
volume of 20 pyl. mRNA expression was analyzed
by quantitative PCR (ABI 7500; Life Technologies,
Carlsbad, CA, USA) containing SYBR Green | in
a final volume of 20 ul (QPCRBIO SyGreen Mix
High-ROX, PCR Biosystems Ltd., London, UK).
Forward and reverse primers were added to the
1xPCR buffer under the following conditions:
denaturation at 95 °C (1 min), 35 cycles at 95
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°C (5 seconds), annealing/extension at 60 °C
(34 seconds). ABL-1 was used as an internal
reference in each reaction. All experiments were
performed in triplicate.

Primers  for individual inflammatory/
anti-inflammatory monocytes and M1/M2
macrophages markers were designed by
Primer3 and Gene Runner software version
6.4.08 Beta (Hastings Software Inc., NY, US).
High-performance primers for individual M1/M2
markers are shown in table 2. The data were
analyzed as a relative expression in the treated
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group compared to the control group using the
AACT method with the 7500 software version 2.3
(Life Technologies, Carlsbad, CA, USA) (figures
1 and 2). The 224°Tmethod was used to calculate
the relative expression levels of the targeted
MRNA compared to the reference values.

Statistical Analysis

The analysis was performed using the SPSS
software, version 21.0, (SPSS Inc., Chicago,
lllinois). The treated and control groups were
compared using the independent sample f test.

Table 2: Primer sets sequence for quantitative reverse transcription PCR

Gene name Sense and anti-sense sequence primers Amplicon length (bp)  Temperature (°C)

IL-4 Forward 5-TAGCAGGAAGAACAGAGGGG-3’ 81 58
Reverse 5-TTGCCTCACATTGTCACTGC-3’

IL-6 Forward 5-TACATCCTCGACGGCATCTC-3" 80 58
Reverse 5-AGTGCCTCTTTGCTGCTTTC-3"

IL-10 Forward 5-TTCCATTCCAAGCCTGACCA-3’ 115 59
Reverse 5-ATTTGTAGCAGTTAGGAAGCCC-3’

IL-12b Forward 5-AAGAATTCTCGGCAGGTGG-3’ 86 57
Reverse 5"-ACGCAGAATGTCAGGGAG-3’

TNF-a Forward 5-TCTGGGCAGGTCTACTTTGG-3" 116 59
Reverse 5-GGTTGAGGGTGTCTGAAGG-3"

IFN-y Forward 5-TGAATGTCCAACGCAAAGC-3’ 80 58
Reverse 5-TCGCTTCCCTGTTTTAGCTG-3"

ABL-1 Forward 5-TTCAGCGGCCAGTAGCATCTGAC-3’ 201 58
Reverse 5-TGTGATTATAGCCTAAGACCCGGAGC-3’

IL-4: interleukin-4; IL-6: interleukin-6; IL-10: interleukin-10; IL-12b: interleukin-12b; TNF-a: tumor necrosis factor-alpha; IFN-y:
interferon-gamma; ABL: Abelson murine leukemia viral oncogene homolog 1
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Figure 1: The expression level of inflammatory cytokines in cultured monocytes after treatment with Caco-2 conditioned media.

Data presented as mean+SEM. Ctrl: Control group
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Figure 2: The expression level of anti-inflammatory cytokines in cultured monocytes after treatment with Caco-2 conditioned

media. Data presented as mean+SEM. Ctrl: Control group

A two-tailed test was used for analysis and
P<0.05 was considered statistically significant.

The treated groups with Caco-2 conditioned
media showed an increase in the expression
level of IL-6, IL-12b, and IFN-y genes compared
to the control groups (figure 1). Moreover, the
expression of TNF-a was decreased in the
Caco-2 conditioned media of the treated cells.
On the other hand, the expression level of IL-4
and IL-10 was decreased in the groups treated
with Caco-2 conditioned media (figure 2). There
was a considerable augmentation in the gene
expression of IL-6 (P=0.001), IL-12b (P=0.001),
and IFN-y (P=0.02) in the Caco-2 treated groups
by an expression change of 9.016, 5.325, and
2.243, respectively. In addition, there was a
decrease in the gene expression of TNF-a
(P=0.01), IL-4 (P=0.01), and IL-10 (P=0.01) by
an expression change of -3.333, -3.019, and
-2.19, respectively.

CRC is still a severe disease and one of the
threats to global health.® ' The present study
was instigated (17, 18)to better understand the
interactions between tumors and the immune
system. Monocytes treated with the conditioned
media of the Caco-2 cell line showed an increase
in the gene expression of inflammatory cytokines,
contrary to anti-inflammatory cytokines.

The evaluation of secreted inflammatory
cytokines (IL-6, IL-12b, TNF-a, IFN-y) using
quantitative RT-PCR from monocytes treated
with the Caco-2 conditioned media showed a
significant influence on monocytes by inducing
inflammatory phenotype to enhance the
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functioning of the immune system.'? Solinas and
colleagues, and Sica and others demonstrated
that pro-inflammatory monocytes produced
cytotoxic products, serine proteases, and
reactive oxygenintermediatesin TME. Therefore,
monocytes-derived macrophages increased
the ability of processing and presenting tumor
antigens to T cells and activated T helper (Th)
type-1 cells. They showed that pro-inflammatory
monocytes and macrophages were associated
with the anti-tumor activity of the immune
system.?: 2! However, we demonstrated a
decrease in the gene expression of anti-
inflammatory cytokines secreted frommonocytes
(e.g. IL-4 and IL-10). Such discrepancies in the
reported gene expression level of secreted
cytokines are probably due to the autocrine and
paracrine impact of secreted soluble factors,
exosomes, and cytokines released by tumor
cells.?> 2 Secreted factors from tumor cells
recruited monocytes from peripheral blood
toward TME. Hence, the level of secreted
inflammatory cytokines is related to the increase
of the inflammatory monocytes.® 24

Considering the fact that the inflammatory
and anti-inflammatory genes are associated
with  inflammatory and anti-inflammatory
monocytes, we showed that mononuclear cells,
particularly the monocytes, were differentiated
toward inflammatory phenotype. Hence, we
hypothesized that CRC-conditioned media had
an impact on the differentiation of monocytes
isolated from PBMCs toward the inflammatory
state. Additionally, inflammatory monocytes
secreted more inflammatory cytokines. We
also demonstrated an exception in the mRNA
expression level of TNF-a. It decreased in the
treated monocytes with the conditioned media
of Caco-2 cell line. Some studies indicated that
such a decline is probably due to the VEGF
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production by the tumor cells.?% 26 Mulligan and
colleagues, and Roland and others showed
that VEGF exerted tumor-promoting effects by
decreasing TNF-a secretion from immune cells,
such as monocytes-macrophages and natural
killer cells. Moreover, VEGF promoted the
infiltration of MDSCs and regulatory T cells into
TME and facilitated tumor growth.2 27

Various studies have demonstrated that
TME is a critical hallmark of cancer consisting
of different immune cells. Monocytes and
macrophages represented the major components
of the immune cells recruited to TME and had
opposed roles in different types and stages of
cancers.?®In some human cancers, they exhibited
an anti-inflammatory phenotype and promoted
tumor growth (e.g. prostate cancer). But, in other
types of cancer (e.g., CRC, skin, stomach) they
presented their pro-inflammatory phenotypes
and suppressed tumor growth in the first stages
of tumor formation.?> 2" Although, the exact
mechanisms of tumor-suppressive properties of
inflammatory monocytes in CRC remain unclear,
a high infiltration of inflammatory monocytes was
associated with good prognosis in patients at an
early stage of CRC."* 2% Algars and colleagues
demonstrated that higher inflammatory
monocytes and a higher M1/M2 macrophage ratio
in CRC correlated with good prognosis, whereas
a lower ratio resulted in more recurrent and
progressive disease.® Lundholm and colleagues
indicated that secreted factors from CRC cells
contained higher levels of inflammatory cytokines
(e.g. IL-6, IL-12b, TNF-a, IFN-y) contrary to
anti-inflammatory cytokines and chemokines."
Inflammatory cytokines and chemokines have
an effect on monocytes enabling them to
acquire inflammatory phenotypic features. A
higher level of inflammatory monocytes in CRC
microenvironment caused the immune system to
acquire anti-tumoral activity.'”> 3' Some studies
have suggested that higher levels of both anti-
inflammatory monocytes and M2-macrophages
caused a poor prognosis and more progression
in CRC patients.*?Zhang and colleagues showed
that anti-inflammatory monocytes increased
the level of Th2 cytokines such as IL-4 and
IL-10. These cytokines contributed to increased
differentiation of anti-inflammatory monocytes
and induced more immunosuppression.®? 3 In
contrast, Zhang and colleagues and Fridman and
others indicated that infiltration of inflammatory
monocytes not only promoted anti-tumoral
responses in patients at the early stages of
CRC, but also contributed to tumor progression
and metastasis by inducing more inflammation
in TME.3* % Edin and colleagues showed that
M1-macrophages could be phenotypically altered
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to M2-macrophages and could increase the M2/
M1 ratio due to the complex immune components
and cells in TME."® There were different secreted
soluble factors, some inflammatory and anti-
inflammatory cytokines, chemokines, exosomes
and various immune cells, such as immune-
suppressive M2-macrophages and MDSCs
in TME. These factors could all contribute to
immune suppression, tumor promotion, and
metastasis.?6 37

In the present study, the impact of CRC-
conditioned media on PBMCs was evaluated
without using CRC cells in co-culture condition.
We demonstrated that tumor cells secrete
soluble and non-soluble factors, both having an
impact on mononuclear cells and monocytes,
and activated them against tumor cells. The
main limitation of the study was the non-use of
cytokines level or animal models to confirm our
findings. It is worth investigating the described
mechanism in animal models in order to verify our
results in vivo. This would allow the development
of various strategies to manipulate the immune
system to activate anti-tumoral immunity.

Conclusion

The secretion of CRC cell line plays a crucial
role in recruiting monocytes from the peripheral
blood to TME as well as the differentiation of
mononuclear cells, particularly the monocytes,
toward inflammatory phenotype. Therefore,
CRC cells can stimulate the immune system
through secreting soluble factors, cytokines,
and chemokines. In addition, CRC cells
recruited monocytes and contributed to
more inflammatory monocytes polarization.
Inflammatory mononuclear cells and monocytes
were significantly activated against tumor cells.
These inflammatory cells assisted the immune
system to acquire tumoricidal activity through
the activation of acute inflammation, which
was a critical part of a host defense. Likewise,
infiltration of inflammatory monocytes in the CRC
microenvironment has been associated with
good prognosis, contrary to its poor prognosis in
other types of cancer.
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