
Frontiers in Oncology

OPEN ACCESS

EDITED BY

Olorunseun O. Ogunwobi,
Hunter College (CUNY), United States

REVIEWED BY

Maurizio Cardi,
Dipartimento di Chirurgia P. Valdoni,
Sapienza Università di Roma, Italy
Zaki A. Sherif,
Howard University, United States

*CORRESPONDENCE

Laura A. Martello
laura.martello-rooney@downstate.edu
Jennie L. Williams
jennie.williams@
stonybrookmedicine.edu

†These authors have contributed
equally to this work

SPECIALTY SECTION

This article was submitted to
Cancer Genetics,
a section of the journal
Frontiers in Oncology

RECEIVED 03 August 2022

ACCEPTED 14 November 2022
PUBLISHED 01 December 2022

CITATION

Spagnardi M, Paredes J, Zabaleta J,
Garai J, Reyes T, Martello LA and
Williams JL (2022) IL-1b enhances cell
viability and decreases 5-FU sensitivity
in novel colon cancer cell lines derived
from African American patients.
Front. Oncol. 12:1010380.
doi: 10.3389/fonc.2022.1010380

COPYRIGHT

© 2022 Spagnardi, Paredes, Zabaleta,
Garai, Reyes, Martello and Williams. This
is an open-access article distributed
under the terms of the Creative
Commons Attribution License (CC BY).
The use, distribution or reproduction
in other forums is permitted, provided
the original author(s) and the
copyright owner(s) are credited and
that the original publication in this
journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is
permitted which does not comply with
these terms.

TYPE Original Research
PUBLISHED 01 December 2022

DOI 10.3389/fonc.2022.1010380
IL-1b enhances cell viability and
decreases 5-FU sensitivity in
novel colon cancer cell lines
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Background: In the U.S., African Americans (AAs) present with the highest

incidence and mortality rates for Colorectal Cancer (CRC). When compared to

Caucasian American (CA) patients, AAs also have reduced response to the first

line standard of care chemotherapeutic agent 5-Fluorouracil (5-FU).

Previously, we observed differential gene expression between the two

populations, suggesting that colon tumors from AA patients display a

decreased antitumor immune response and an increased expression of

genes encoding proteins involved in inflammatory processes, such as

Interleukin-1b (IL-1b). Here, we investigate the role of IL-1b in modifying

chemotherapeutic response and altering expression of proteins in novel AA

and well-established CA colon cancer cell lines.

Methods: RNA sequencing analysis was performed to detect expression of genes

involved in inflammation in AA andCA colon cancer cells. The effects of IL-1bon 5-

FU response was evaluated by assessing cell viability (MTS assay) and apoptosis

(flow cytometry analysis) following treatment with 5-FU alone or in combination

with the cytokine. Further, we used an IL-1 receptor antagonist (IL-1Ra) to inhibit

IL-1b-induced effects on 5-FU sensitivity and NF-kB pathway activation.

Results: AA colon cancer cell lines present significant increase in expression of

genes IL1R2 (373-fold change (FC), IRAK1 (3.24 FC), IKBKB, (5.33 FC) NF-KB IA

(5.95 FC), MYD88, (3.72 FC), IRAK3 (161 FC), TRAF5 (4.1 FC). A significant

decrease in the response to 5-FU treatment, as well as a significant increase

in phosphorylation of IkBa and secretion of IL-8, was seen following IL-1b
treatment, in both AA and CA cell lines. Finally, treatment with IL-1Ra was able

to reverse the effects induced by IL-1b, by increasing the cells sensitivity to 5-

FU. IL-1Ra also inhibited phosphorylation of IkBa and IL-8 secretion.
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Conclusions: Our results suggest a differential expression of inflammatory

genes and proteins that might regulate the different response to IL-1b between

AA and CA colon cancer cell lines. Our data also demonstrates that IL-1b is

involved in modulating 5-FU response in both AA and CA colon cancer cell

lines. Further investigation of these mechanisms might help elucidate the

differences seen in incidence, mortality and response to therapy in AA colon

cancer patients.
KEYWORDS

African American, colon cancer, health disparities, Interleukin-1b, 5-FU, IL-1Ra
Introduction

Colorectal cancer (CRC) is the third most common cancer

and the third cause of cancer-related deaths in the US (1).

Prognosis of CRC depends on stage at diagnosis, location and

molecular characteristics of the tumors, which can be classified

based on their microsatellite status as microsatellite stable

(MSS), which presents a worse prognosis, and microsatellite

instable (MSI), which offers a better prognosis but worse

response to adjuvant chemotherapy (2, 3). When looking at

different races and ethnicities, African Americans (AA) present

the highest risk for CRC and they are more likely to die from this

disease than Caucasian Americans (CA) (4). Despite the efforts

to close the risk and mortality gaps between AA and CA

colorectal cancer patients, the information available to us

concerning chemotherapeutic responses and molecular

alterations are solely based on population studies (4–8). The

lack of commercially available in vitro models of AA origins

represents a critical barrier in understanding CRC mechanisms

in this population. Although reasons for the disparities might be

related to socioeconomic status, with lower rates of screening

and lack of access to optimal treatment options (9), studies have

shown that AA tend to have a decreased response to 5-Fluoroacil

(5-FU) based therapy (4) and they also appear to have lower

frequency of MSI tumors (5), which have been shown to be more

likely to respond to immunotherapy (10). Recent findings have

demonstrated the presence of genes uniquely mutated in AA

colorectal cancer patients (7), as well as genes differentially

expressed, or differentially methylated, that are involved in

anti-tumoral immunity and inflammatory pathways (7, 8).

In agreement with these findings, transcriptomic analysis

from our lab of tumor/non-tumor samples collected from AA

and CA patients found that tumors from AAs present a lower

expression ofGranzyme B (GZMB) and an impaired infiltration of

cytotoxic CD8+ T cells, suggesting an overall decreased

antitumoral activity in AAs when compared to CAs (11).

Furthermore, our data shows an increased expression of genes
02
encoding for pro-inflammatory cytokines IL-1b and IL-8 in

tumors from AA patients, suggesting a possible correlation

between inflammation and disease progression in this

population (11). Inflammation has been identified as a risk

factor and a contributor in developing different types of cancer,

including CRC (12). Clinical studies have demonstrated that CRC

patients present altered cytokine production, both systemically

and locally (13). Moreover, it has been seen that cytokines can act

as cancer cell survival factors and promote tumor growth and

angiogenesis, as well as suppress immune-mediated tumor

elimination (12, 14). Specifically, IL-1b has been previously

associated with promoting CRC (12), and findings have shown

a role for IL-1b in interacting with immune cells and supporting

tumor progression (15) as well as invasiveness and resistance to

certain chemotherapeutic agents (16).

In this study we utilized two novel African American colon

cancer cell lines, generated by Dr. Jennie Williams’ laboratory

(17), to evaluate the effects induced by IL-1b and to compare the

results in established CA colon cancer cell lines. The

aforementioned cell lines have been previously characterized

in terms of microsatellite status, expression of proteins

associated with CRC (p53, b-catenin, Msh2, Msh6, Mlh1) and

ability to generate tumors in mouse models (17). These cells will

be used here to determine the mechanisms of cell growth and

drug response in the context of inflammation and, more

specifically, the IL-1b pathway. We plan to investigate the role

of IL-1b in promoting colon cancer cells proliferation, the effects

of IL-1b on 5-FU response and the molecular mechanisms

involved in the effects induced by IL-1b.
Materials and methods

Cell culture and reagents

CA colon cancer cell lines HT-29 (MSS) and HCT 116 (MSI)

were purchased from the American Type Culture Collection
frontiersin.org
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(Manassas, VA), while AA colon cancer cell lines, CHTN-06

(MSS) and SB-521 (MSI), were generated at Stony Brook

University as previously described (17). All cell lines were

maintained in DMEM media (Corning) supplemented with

10% FBS, 100 U/ml penicillin, 100 U/ml streptomycin, 4.5 g/L

glucose and sodium pyruvate, in humidified incubator with 37°C

and 5% CO2. Human recombinant IL-1b was purchased from

Cell Signaling Technology and resuspended in PBS for a final

stock concentration of 10 ug/ml (catalog #8900). 5-FU was

purchased from Sigma-Aldrich (catalog #F6627-1G) and

resuspended in DMSO (Thermo Fisher Scientific) for a final

stock concentration of 380mM. Human recombinant IL-1Ra

was purchased from Sigma-Aldrich (catalog ##SRP3084) and

resuspended in PBS supplemented with 0.1% BSA for a final

stock concentration of 100 ug/ml.
RNA sequencing

RNA sequencing and analysis was done at the Translational

Genomics Core (TGC) at the Stanley S. Scott Cancer Center,

LSUHSC, New Orleans, LA, as we have done previously (11).

Briefly, RNA was isolated from untreated cells using the

Universal RNA/DNA Isolation kit (Qiagen) according to

manufacturer’s protocol. Isolated RNA was quantified by

Qubit (ThermoFisher) and checked for RNA integrity using

the Agilent BioAnalyzer 2100 (Agilent). Paired-end libraries (2 x

75) were prepared using the TruSeq Stranded mRNA Library

Prep kit , val idated, and normalized fol lowing the

recommendations of the manufacturer (Illumina). Libraries

were sequenced in the NextSeq500 using a High Output Kit

v2.5, 150 cycles from Illumina. FASTQ output files were

uploaded to Partek Flow, contaminants (rDNA, tRNA,

mtrDNA) were removed using Bowtie2 (version 2.2.5) and the

unaligned reads were then aligned to STAR (version 2.5.3a).

Aligned reads were quantified to the hg19- RefSeq Transcripts

93 normalized by log2 (x+1) transformation. Normalized counts

were used to determine differential gene expression between AA

cell lines and CA cell lines.
Cell viability assays

3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-

2-(4-sulfophenyl)-2H-tetrazolium (MTS) assays were performed

using the CellTiter 96 AQueous One Solution Cell Proliferation

Assay (G3582; Promega) according to the manufacturer’s

instructions. For IL-1b studies, cells were seeded in triplicate

in 96-well plates at 5 x 103 cells/well in complete DMEM in

presence of different concentrations of IL-1b and incubated

overnight at 37°C in 5% CO2. Concentrations were

determined based on previous studies involving IL-1b and

colon cancer cell lines (18, 19). The MTS reagent (20 ul/well)
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was added 24, 48, 72 and 96 hours after seeding and cells were

incubated at 37°C for 2.5 hours. Cell viability was measured by

absorbance (490 nm) using a plate reader BioTek Lx800. For the

inhibition studies with IL-1Ra, cells were seeded as previously

described, in the presence of IL-1b (10 ng/ml). Twenty-four

hours after seeding, cells were treated with IL-1Ra (10 ug/ml)

and incubated at 37°C for 24, 48 and 72 hours. For 5-FU

cytotoxicity assay, cells were seeded as previously described, in

complete DMEM alone or containing 10 ng/ml of IL-1b for 24

hours and then treated with different concentration of 5-FU (1,

2.5, 5, 10, 15 uM) for 72 hours.
Enzyme-linked immunosorbent assays

Secretion of IL-8 was measured in the culture media of the

cell lines using the RayBio® Human IL-8 (CXCL8) ELISA Kit

according to manufacturer’s instructions (catalog #ELH-IL8-1).

A group of 2.5 x 104 cells were seeded in triplicate in 12-well

plates in DMEM supplemented with 10% FBS, in the presence of

IL-1b (10 ng/ml), and incubated overnight. Twenty-four hours

later, cells were treated with IL-1Ra (10 ug/ml) for 24 hours. Cell

supernatants were collected and stored at -20°C until use.
Western blot

For IL-1 Receptor detection, 5.0 x 105 untreated cells were

seeded in 10cm plates in DMEM supplemented with 10% FBS and

incubated for 48 hours. The cells were then harvested, washed

with PBS and membrane and cytoplasmic fractions were obtained

by using the MEM-PER Plus Kit (Thermo Fisher #89842),

supplemented with Protease and Phosphatase Inhibitors

(ThermoFisher #78425). For detecting the effects of IL-1b on

protein phosphorylation, 3.0 x 105 cells were seeded in 6 well

plates and incubated overnight. The following day, cells were

serum starved (serum free media) for 2 hours and then treated

with 10 ng/ml of IL-1b for 15 minutes. At the end of treatment

period, the cells were washed with PBS and lysed on ice with RIPA

lysis buffer supplemented with Protease and Phosphatase

Inhibitors (ThermoFisher #78425). Protein concentration was

determined by the DC Protein assay (Bio-Rad Laboratories

#5000113, #5000114, #5000115) and absorbance measured using

the BioTek ELx800 Microplate Reader. Isolated proteins were

separated by gel electrophoresis using 12% precast polyacrylamide

gels (Bio-Rad Laboratories, catalog ##4561044) and transferred

onto polyvinylidene difluoride (PVDF) membranes (Bio-Rad

Laboratories, catalog #1620175). Probing with primary

antibodies IL-1R H8 (Santa Cruz, 1:500, catalog #sc-393998),

Na,K-ATPase (Cell Signaling Technology, 1:1000, #3010),

phospho-IkBa (Cell Signaling Technology 1:500, catalog #2859),

total IkBa (Cell Signaling Technology 1:1000, catalog #4812), and

a-tubulin (Cell Signaling Technology, 1:1000, catalog #2125) was
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performed overnight at 4°C. Finally, blots were incubated with

secondary antibodies mouse anti-goat (Santa Cruz, catalog# sc-

544183) and anti-rabbit IgG, HRP-linked (Cell Signaling

Technology, catalog #7074), for 1 h at room temperature.

Protein expression was detected using an enhanced

chemiluminescence reaction kit (ThermoFisher #34580). Images

of the blots were analyzed using ImageJ analysis program and all

proteins were compared to the loading control a-tubulin.
Flow cytometry

1.5 x 105 cells were seeded in 6-well plates in DMEM

supplemented with 10% FBS, in presence or absence of IL-1b
(10 ng/ml), and incubated overnight. The following day, cells were

treated with either DMSO, or 5-FU (2.5 or 5 µM) and incubated

for 72 hours. Cells were harvested and washed with PBS two

times. The samples were then resuspended in FACS binding buffer

(5% FBS in 1X PBS) and incubated for 30 minutes. The cells were

then stained with Annexin V, Propidium Iodide (PI), or both, for

45 minutes. The population of viable cells and apoptotic cells was

evaluated by flow cytometry, using Novocyte 3000 Flow

Cytometer, and analyzed by Novoexpress Software.
Statistical analyses

Statistical analysis was performed using the GraphPad Prism

9.0 software. Experiments were repeated three times, either in

duplicates or triplicates. Data are presented as mean ± SEM.

Two-tailed paired student t-test was applied to compare

difference in two groups, p < 0.05 was considered as

statistically significant.
Results

AA and CA colon cancer cell lines show
differentially expressed genes involved in
IL-1, MAPK and NF-kB pathways

To better understand the differences in response to the IL-1b
cytokine observed between the AA and CA colon cancer cell lines,

we performed RNA sequencing analysis and focused on the

expression of the genes involved in the IL-1b pathway.

Specifically assessed were the IL-1 Receptor family genes, the

MAPKinase genes, and the NF-kB pathway genes (Figure 1).

According to the analysis, several genes from the aforementioned

pathways were upregulated in AA colon cancer cell lines

compared to CA cell lines, with the most striking differences

seen in the MSI cell lines. Among the three IL-1 Receptor genes,
Frontiers in Oncology 04
we found IL-1 Receptor Type 2 (IL1R2) to be upregulated in SB-

521, with a 373-fold increase, while there was no significant

difference in the expression of both IL-1 Receptor Type 1

(IL1R1) and IL-1 Receptor Accessory Protein (IL1RAP) in either

comparison. An increased expression was also seen for

Interleukin-1-alpha (IL1A) gene for both CHTN-06 and SB-521

(25.7- and 7.67-fold change, respectively), as well as an increase in

the expression of IL-1 Receptor antagonist (IL1RN) in SB-521

(47.9-fold change) and a decrease in CHTN-06 (-56.7-fold

change). We did not see any significant differences in the

expression of Interleukin-1-beta (IL1B) between cell lines. Based

on these results, we tested the cell lines for their baseline secretion

of these altered cytokines: no secretion was found for either IL-1A,

IL-1b and IL-1Ra for any of the cell lines, suggesting that the

differences seen at the transcript level were not reflected at the

protein level (Data not shown). For the MAPKinase gene family,

the Mitogen-Activated Protein Kinase 3 (MAPK3) was found

upregulated in both AA cell lines, while the Mitogen-Activated

Protein Kinase 12 (MAPK12) was downregulated in these same

cell lines. Specific to the MSI cell line SB-521, we found that

Mitogen-Activated Protein Kinase 11 and Mitogen-Activated

Protein Kinase 14 (MAPK11 and MAPK14) were downregulated

and upregulated, respectively, when compared to HCT-116. Most

interesting, the analysis demonstrated that multiple genes

involved in the NF-kB pathway were upregulated in both of the

AA MSS and MSI cell lines. For example, we found that

Interleukin 1 Receptor Associated Kinase 1 (IRAK1, 3.24 fold-

change), Inhibitor Of Nuclear Factor Kappa B Kinase Subunit Beta

(IKBKB, 5.33-fold change) and NF-KB Inhibitor Alpha (NF-KB

IA, 5.95-fold change) were upregulated in CHTN-06 (MSS).

Whereas Myeloid differentiation primary response 88 (MYD88,

3.72-fold change), Interleukin 1 Receptor Associated Kinase 3

(IRAK3, 161-fold change), and TNF Receptor Associated Factor

5 (TRAF5, 4.1-fold change) were upregulated in SB-521 (MSI).

These findings suggest a differential expression of specific genes

involved in pro-inflammatory processes, which appears to be

independent of the MSS or MSI status of the cell lines.

Since our interest is to investigate the effects induced by IL-1,

and since the main signaling transducing receptor for this

cytokine is IL-1R1, we evaluated the membrane expression of

this protein. For this experiment, membrane and cytoplasmic

fractions were isolated and the expression levels of IL-1R1 were

evaluated in both fractions via western blot analysis. To provide

quality control for the membrane and cytosol separation

procedure, Na, K-ATPase and a-tubulin were used as loading

controls for membrane and cytosol fractions, respectively. As

Figure 2 illustrates, the receptor is expressed on the membrane of

all four cell lines. We found that there were no statistically

significant differences between AA CHTN-06 (mean 1.71) and

CA HT-29 (mean 1.08) cell lines, or between AA SB-521 (mean

1.44) and CA HCT-116 (mean 1.35) cell lines.
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IL-1b decreases sensitivity to 5-FU
treatment in colon cancer cell lines

To assess whether IL-1b promotes cell proliferation in the

AA colon cancer cell lines and how this response may differ from

that seen in CA cell lines, we performed an MTS assay and tested

different concentrations of IL-1b for multiple time points. The

IL-1b concentrations were derived from previous literature, with

concentrations ranging from 1.25 to 160 ng/ml (18, 19). Our

results show a significant concentration-dependent increase in

cell proliferation when the cells were treated with IL-1b after 96

hours (Supplemental Figure 1). Interestingly, AA MSS cell lines

CHTN-06 and SB-521 significantly increases cell proliferation

after treatment with 1, 5, 10, 30 and 60 ng/ml of IL-1b, while for
the CA cell lines, we only saw a significant increase starting at

10ng/ml (HT-29) or 5ng/ml (HCT-116) of treatment. These

differences in response are constant throughout different time

points tested (24, 48, 72 hours. Data not shown). Our data also

shows that the highest increase (fold change) in cell proliferation

was seen when the cells were treated with 10 ng/ml, reaching a

plateau point, therefore we proceeded to use 10 ng/ml as IL-1b
concentration for subsequent experiments.

Based on previous findings suggesting a role for IL-1b in

modulating chemotherapeutic response to oxaliplatin in colon

cancer cell line HCT 116 (16), we assessed if the presence of IL-

1b would interfere with the cellular response to 5-FU, a standard
Frontiers in Oncology 05
chemotherapeutic agent used in the treatment of CRC. In the

literature there are evidence supporting differential response to

chemotherapy based on tumor microsatellite status, with studies

suggesting that MSI tumors have a decreased response to 5-FU

based therapy compared to MSS tumors (3, 20). This might be

due to fact that MSI tumors present mutations in genes involved

in the Mismatch Repair, which will affect the mechanism of

action of 5-FU. Therefore, for this study, we grouped the cell

lines as MSS (CHTN-06 and HT-29) and MSI (SB-521 and

HCT-116) and evaluated their response to 5-FU treatment. Cells

were cultured in complete media, with or without IL-1b, and
then exposed to different concentrations of 5-FU (1, 2.5, 5, 10, 15

uM) for 72 hours. Different sensitivities to 5-FU and IC50 have

been reported in the literature for both CA colon cancer cell lines

HT-29 and HCT-116 (21–23), therefore we picked the

aforementioned range of concentrations based on these

previous findings to test in our new models. As shown in

Figure 3, IL-1b-treated cells display significantly less sensitivity

to 5-FU in all four cell lines. Among all concentrations used, 2.5

and 5 µM represent those for which we saw the largest

differences between control and IL-1b treated cells, for either

MSS or MSI, or each cell lines. AA CHTN-06 control cells show

a mean viability of 55.6% and 30.3% versus a mean viability of

79% and 49.6% when treated with IL-1b, for concentrations of
2.5 and 5 µM of 5-FU respectively. For the same concentrations,

HT-29 untreated cells had a mean viability of 58% and 33.3%
FIGURE 1

Differential gene expression of ILB, MAPK, and NFKB related genes between AA and CA colon cancer cell lines. Cell lines have been grouped
based on their microsatellite status in MSS (CHTN-06 vs. HT-29) and MSI (SB-521 vs. HCT-116). Graphical representation of fold change of
genes compared between cell lines.
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versus a mean viability of 77.6% and 57% when treated with IL-

1b (Figure 3A). Interestingly, in our models, both MSI cell lines

show an increased sensitivity to 5-FU when compared to MSS

cell lines, which is in contrast with previous clinical data

reporting decreased sensitivity to 5-FU based therapies in MSI

tumors. However, despite being overall more sensitive to the

treatment, the presence of IL-1b significantly reduces that

sensitivity (mean viability for SB-521: 26.3% vs 46.3% for 2.5

µM, 17% vs 29.6%, for 5 µM – mean viability for HCT-116: 14%

vs 38.6 for 2.5µM, 1.3% vs 15.3% for 5 µM) (Figure 3B).

Based on these MTS results, we further assessed whether

treating the cells with IL-1b would affect induction of apoptosis by
5-FU. Flow cytometry results demonstrated that treatment with

2.5 and 5 uM 5-FU increases the number of apoptotic (Annexin V

+) cells when compared to control untreated cells. In accordance

with our previous results, when the cells were pre-treated with 10

ng/ml of IL-1b followed by 5-FU, the number of Annexin V+ cells

decreased when compared to 5-FU alone treatment (Figures 4, 5).

For CHTN-06, IL-1b decreased apoptotic cells by ~ 30% for both

2.5 and 5 µM of 5-FU; similarly, a ~30% decrease was seen also for

HT-29 treated with IL-1b. For MSI cell line SB-521 we saw a
Frontiers in Oncology 06
decrease in apoptotic cells of ~50% and ~30% for 2.5 and 5 µM of

5-FU respectively, following treatment with IL-1b. For HCT-116,

the decrease seen was ~ 15% for both concentrations of 5-FU.

Overall, our data suggests that IL-1b might affect the cells

sensitivity to 5-FU by decreasing the apoptosis, therefore

inducing a consequent increase in cell viability following the

chemotherapeutic treatment
IL-1R/IL-1b axis is responsible for IL-1b
induced effects

To further investigate IL-1b effects seen on cell proliferation

mechanism we used IL-1 Receptor Antagonist (IL-1Ra), which

binds non-productively to IL-1R1 with high affinity and prevents

IL-1b from initiating the signaling cascade (24). We used an MTS

assay to detect changes in cell proliferation when cells were treated

with IL-1b alone or in combination with IL-1Ra. We saw that

treating the cells with IL-1Ra inhibits the increase in cell

proliferation induced by IL-1b, for all the four cell lines.

Specifically, at 24 hours of treatment, IL-1b+IL-1Ra treated cells
B

A

FIGURE 2

Expression levels IL-1R1 in membrane and cytosol fractions in AA and CA colon cancer cell lines. (A) Representative images of Western Blot for
detection of IL-1R1. Na,K-ATPase and a-tubulin were used as loading controls. M= Membrane, C= Cytosol. (B) Densitometry analysis of IL-1R1
levels in membrane and cytosol fractions. Membrane protein was normalized to ATPase and cytosolic protein was normalized to a-tubulin. Data
are representative of three independent experiments. Error bars represent SEM.
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show a significant decrease in cell viability when compared to IL-1b
alone treated cells for all the time points (24, 48, 72 hours).

Moreover, our data shows that IL-1Ra alone has no significant

effect on cell viability when compared to control untreated cells

(Supplementary Figure S2). In Figure 3, we showed how IL-1b
reduced the sensitivity to 5-FU treatment, therefore we treated the

cell lines with 5-FU and IL-1Ra and evaluated the effects of IL-1b on
the combination treatment. The results demonstrate that IL-1Ra

reverses the cytokine effects on 5-FU treatment. As shown in

Figure 6, combination treatment with 5-FU and IL-1Ra (in the

presence of IL-1b) significantly reduces cell viability when

compared to 5-FU + IL-1b for both 2.5 uM (CHTN-06 p < 0.05,

HT-29 p < 0.05, SB-521 p < 0.01, HCT-116 p < 0.05) and 5 uM

(CHTN-06 p < 0.001, HT-29 p < 0.001, SB-521 p < 0.01, HCT-116

p < 0.01) of 5-FU.

Our gene expression analysis (Figure 1) demonstrated

increased expression of genes of the NF-kB pathway in the AA
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colon cancer cell lines. Therefore, in order to get a better insight

into the potential mechanism for the IL-1b-mediated effects, we

performedWestern Blot analysis to detect activation of the NF-kB
pathway, by looking at the expression of phospho-IkBa following

treatment with IL-1b. Figures 7A, B show that treatment with IL-

1b induces a significant increase in phosphorylation for AA cell

lines CHTN-06 and SB-521 (p < 0.05) and for CA cell lines HCT-

116 (p < 0.05). Our data also demonstrates that IL-1Ra prevents

phosphorylation of IkBa protein in all four cell lines; however, the

changes seen were significant only for CHTN-06, SB-521 and

HCT-116. When comparing the value normalized to control

untreated cells, CHTN-06 shows a mean value of 14.9 vs. 2.5

for IL-1b and IL-1Ra treated cells, respectively. Similarly, fold

changes are 9.3 vs. 2.5 for SB-521 and 7.5 vs. 0.6 for HCT-116.

Overall, we saw a decrease in levels of p-IkBa of 80% for CHTN-

06, 70% for SB-521 and 90% for HCT-116 when the cells were

treated with IL-1Ra.
B

A

FIGURE 3

IL-1b decreases sensitivity to 5-FU treatment. Cell viability following treatment with 5-FU, in the presence or absence of IL-1b, was determined
by MTS assay. Cells were seeded in media containing 10 ng/ml of IL-1b and then treated with increasing concentrations of 5-FU and incubated
for 72 hours. (A) CHTN-06 AA cell lines, MSS; HT-29 CA cell line, MSS; (B) SB-521 AA cell line, MSI; HCT 116 CA cell line, MSI. Data are
representative of three independent experiments. Error bars represent SEM. *p < 0.05, **p < 0.01, ***p < 0.001.
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After seeing an increase in p-IkBa, which suggests activation of
NF-kB following IL-1b treatment, we wanted to evaluate induction

of downstream genes of this pathway. We saw in our patient data

that tumors from AA present a higher expression of IL8 gene (11),

which is a known target of NF-kB. Therefore we performed an

ELISA to detect secretion of IL-8 following treatment with IL-1b
alone or in combination with IL-1Ra. Figure 7C shows the baseline

secretion of IL-8 in all four cell lines: interestingly, AA cell lines

present a higher secretion of IL-8 even in absence of any treatment,

with a 1.4-fold increase for CHTN-06 compared to HT-29, and a 9-

fold increase for SB-521 compared to HCT-116. When we treated

the cells with IL-1b, we saw a significant increase in the secretion of

IL-8 for all four cell lines, with p < 0.01 for CHTN-06, HT-29 and

HCT-116, and a p < 0.05 for SB-521. We also saw a significant

decrease in IL-8 secretion in IL-1Ra treated cells compared to IL-1b
treated cells (CHTN-06: 9-fold, HT-29: 7.7-fold, SB-521: 3.3-fold,

HCT-116: 6.6-fold). It is important to note that, for SB-521, we saw

the less significant changes following the treatments, and this might

be due to the already high secretion of IL-8 in unstimulated

cells (Figure 7D).
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Discussion

Colorectal cancer has disproportionately affected the AA

population, however, there have not been many studies

evaluating the causes at the molecular and cellular level, one of

the reasons being the absence of in vitro models for this specific

population. We believe our study represents the first in vitro

utilization of AA colon cancer cell lines to investigate a role for

IL-1b in tumor promotion and response to 5-FU.To our

knowledge, our cells lines represent the only in vitro colon

cancer model derived from AA patients. If taking ATCC as a

point of reference, the only colon cell line from an AA individual

is CD-18Co. This cell line, however, was isolated from the

normal colon tissue of a 2.5-month-old black female

displaying a fibroblast-like morphology. As previous studies

suggested, regarding inflammatory processes in colon cancer,

AA CRC patients appear to be characterized by tumors with

higher frequency of KRAS mutations and unique mutations in

specific genes associated with CRC risk (6, 25), as well as a more

pronounced inflammatory response compared to CA patients (7,
B

C D

A

FIGURE 4

IL-1b decreases 5-FU-induced apoptosis in MSS cell lines. Apoptosis detection by Annexin V/PI staining via flow cytometry following treatment
with different concentrations of 5-FU (0, 2.5, 5 mM), in the presence or absence of IL-1b. Representative images of flow cytometry data for
CHTN-06 (A) and HT-29 (C); Percentage of combined early apoptotic (Annexin V+) and late apoptotic (Annexin V+/PI+) cells for CHTN-06
(B) and HT-29 (D) cell lines. Data are representative of three independent experiments. Error bars represent SEM. *p<0.05, **p<0.01.
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8). In Jovov et al. study, the main pathways upregulated in AA

CRC patients were those involved in immune-mediated

response and inflammation (7). In accordance with this study,

we had previously demonstrated that the Cytokine-Cytokine

Receptor Interaction pathway was one of the most significantly

upregulated in AA patients (11). Moreover, the gene expression

analysis found increased levels of the gene encoding for the pro-

inflammatory cytokine IL-1b in tumors from AAs compared to

CA patients (11). Prior to our findings, Sanabria-Salas MC, et al.

had established a correlation between the IL1B gene haplotype

IL1B-CGTC, found in Colombians of African descent, and CRC

risk (26). Taken together, these results suggested the need to

further investigate inflammatory pathways in the context of

racial health disparities, by using more racially diverse models,

such as the colon cancer cell lines in the current study.

IL-1b is part of the larger IL-1 family, which includes both

agonists (IL-1a, IL-1b, IL-18, IL-33, IL-36) and antagonists (IL-

1Ra, IL-36Ra, IL-37, IL-38) (27). IL-1b has been involved in

many physiological and pathological processes (28). In relation
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to cancer, both a pro- and anti-tumorigenic role for IL-1b has

been described (28). PCR analysis showed an increased

expression of IL1B in tumor samples from melanoma, colon

and lung cancer patients (29), as did our whole RNA sequencing

on tumor samples from both AA and CA patients (11). In vitro,

IL-1b has been shown to induce cell proliferation and increase

invasiveness in colon cancer cell lines (16, 30).. Our results

demonstrated that different concentrations of IL-1b elicited

distinct responses in AA and CA colon cancer cell lines, with

the AA cell lines appearing to be more sensitive to the cytokine

stimuli. Based on the goal of our experiments, to ascertain that

there would be no issues with the interpretation of our results,

we evaluated the secretion levels of both cytokines in cell culture

media and we did not detect secretion of either IL-1b or IL-1a
from any of the four cell lines (data not shown). These results are

not surprising since it has been well documented that IL-1b is

most likely derived from the tumor microenvironment (TME)

rather than cancer cells. Findings have shown that IL-1b is

secreted by immune cells, mainly myeloid cells, which represent
B

C D
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FIGURE 5

IL-1b decreases 5-FU-induced apoptosis in MSI cell lines. Apoptosis detection by Annexin V/PI staining via flow cytometry following treatment
with different concentrations of 5-FU (0, 2.5, 5 mM), in the presence or absence of IL-1b. Representative images of flow cytometry data for SB-
521 (A) and HCT 116 (C); Percentage of combined early apoptotic (Annexin V+) and late apoptotic (Annexin V+/PI +) cells for SB-521 (B) and
HCT 116 (D) cell lines. Data are representative of three independent experiments. Error bars represent SEM. *p<0.05, **p<0.01.
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an important component of the tumor microenvironment (31).

Myeloid cells, also known as Myeloid regulatory cells (MRC)

comprise tumor-associated macrophages (TAM), dendritic cells

(DC) and myeloid-derived suppressor cells (MDSC). They all

contribute to tumor development and progression by decreasing

immune surveillance and promoting suppression of anti-

tumoral function among immune cells (32).

When we examined the expression of genes that are related

to IL-1b activity, we found that there was no difference in the

expression of the IL1R1 gene between the two MSS and the two

MSI cell lines. IL-1R1 is part of the IL1R family to which there is

interaction with different cytokines in the IL-1 family, initiating

the signaling cascade with activation of further downstream

genes (33). In CRC patients, higher increased levels of IL-1R1

predicted poor response to Cetuximab (CTX) therapy (34).

When we evaluated the cell surface protein levels of IL-1R1,

we saw that all four cell lines expressed similar levels of the

receptor on their membrane. However, when we treated the cells

with IL-1b, we saw a more pronounced response in both AA cell
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lines compared to the CA cell lines. We speculate that the

discrepancy in receptor expression and cellular response could

be related to differential expression of other members of the IL-1

Receptor family, on which IL-1R1 is dependent on for activation.

Following binding to IL-1b, IL-1R1 requires dimerization with

IL-1RacP to be activated and initiate the signaling cascade (35).

Therefore, in the presence of high expression of IL-1R1,

adequate levels of IL-1RacP are needed to transduce IL-1b
signaling. Another mechanism that regulates IL-1R1 signaling

is IL-1R2 a decoy receptor acting which, due to lack of

cytoplasmic domain, binds circulating IL-1b without initiating

a signaling cascade (35). If higher levels of IL-1R2 are present on

the cell surface, IL-1b will more likely bind to the decoy receptor

IL-1R2 than the signaling receptor IL-1R1. Therefore, a decrease

in IL-1RacP or an increase in IL-1R2 expression in CA cell lines,

might better explain the results we saw in terms of cell

proliferation induced by IL-1. Interestingly, we found that AA

cell lines SB-521 had increase gene expression of IL1R2 when

compared to HCT-116; however, these findings might not
B

A

FIGURE 6

IL-1Ra counteracts IL-1b effects on 5-FU sensitivity. Cell viability following treatment with 5-FU alone, in presence of IL-1b, or in combination
with IL-1Ra was determined by MTS assay. Cells were seeded in media, in the presence or absence of 10 ng/ml of IL-1b and then treated with
5-FU alone or in combination with IL-1Ra, and incubated for 72 hours. (A) MSS cell lines CHTN-06 and HT-29; (B) MSI cell lines SB-521 and
HCT-116. Data are representative of three independent experiments. Error bars represent SEM. *p<0.05, **p<0.01, ***p<0.001.
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correlate with an effective increase in protein expression in our

cell lines.

Our gene expression analysis also shows differential

expression for some of the genes of the MAPK pathway, such

as Mitogen-Activated Protein Kinase 3 (MAPK3), Mitogen-

Activated Protein Kinase 12 (MAPK12), which were

upregulated and downregulated, respectively, in the AA colon

cancer cell lines. Mitogen-Activated Protein Kinase 11

(MAPK11) and Mitogen-Activated Protein Kinase 14

(MAPK14) were downregulated and upregulated, respectively,

in MSI cell lines SB-521. Mitogen-activated protein kinases

(MAPKs) are signaling proteins that have been involved in

many pathological processes, including inflammation and

cancer. Three main MAPK pathways have been identified: the

ERK, the JNK and the p38 pathways. JNK and p38 have been

both associated with cancer progression and can be activated by

a variety of stimuli, and act by regulating the balance between

cell survival and cell death and are often dysregulated in cancer

cells (36). ERK pathway has been shown to be activated by

various stimuli and promote proliferation and invasion in colon
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cancer (37). Also, p38 has been associated with colon cancer

progression as well. For example, inhibition of p38 activation

was shown to reduce tumor growth in an in vivo model of colon

cancer (38), and to increase sensitivity of colon cancer cells to

chemotherapeutic agents (39).

We tested the effect of IL-1b on 5-FU treatment in the AA

and CA colon cancer cell lines. The mechanism of action of 5-FU

is documented and involves inhibition of enzymes required for

DNA replication, thereby inhibiting cell replication and

proliferation (40). Alteration of genes involved in the

mechanism of action of 5-FU have been associated with

resistance to the chemotherapeutic agent (40). However, many

of the mechanisms of resistance remain unclear. Some recent

studies have shown a correlation between cytokine production in

patients and response to chemotherapy, suggesting that elevated

levels of pro-inflammatory cytokines might be related to lower

response to therapy, poor prognosis, and overall decreased

survival rates (24, 41, 42). In a study from 2012, Li et al.

found that treating CA cell line HCT116 with IL-1b reduced

the cellular response to Oxaliplatin, a standard of care
B
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A

FIGURE 7

IL-1Ra prevents activation of IL-1b pathway in colon cancer cell lines. Treatment with IL-1Ra prevents phosphorylation of phospho-IkBa and
secretion of IL-8. (A) Representative images of Western Blot analysis following treatment of cells with either IL-1b alone or in combination with
IL-1Ra. (B) Graphic visualization of protein expression for phospho-IkBa. Values are expressed as phospho-IkBa/total IkBa ratio, after being
normalized to normalized to loading control (a-tubulin). (C) Baseline IL-8 secretion in AA and CA colon cancer cell lines. (D) Changes in IL-8
secretion following treatment with IL-1b or IL-1b + IL-1Ra Data are representative of three independent experiments. Error bars represent SEM.
*p<0.05, **p<0.01.
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chemotherapy for CRC (16). In this study, we linked the

presence of IL-1b with a decreased response to 5-FU in both

AA and CA cell lines, which is independent of the cell lines

microsatellite status. We saw that, presence of IL-1b to the

culture media increased the viability and clonogenic potential of

the cell lines, as well as decreasing the number of apoptotic cells,

counteracting the cytotoxic effects of 5-FU. A possible

mechanism for these effects might be related to activation of

the NF-kB pathway (43). Our RNAseq analysis identified genes

belonging to the NF-kB pathway, specifically MYD88, IRAK3,

IRAK4 and TRAF5, having upregulated expression levels in the

two AA cell lines when compared to the CA cell lines. In vitro

findings have shown that inhibition of NF-kB pathway increases

sensitivity to 5-FU in colon cancer cell lines (44, 45). Despite

this, we did not see any measurable differences between the AA

and CA cell lines in their response to 5-FU. Therefore, we believe

more studies are needed to further investigate the mechanisms

relating IL-1b and 5-FU response, which might better help

explain the different responses to 5-FU seen in patients (4).

Our study investigated a role for IL-1b in AA cell lines and

identified possible targets related to the pathway that could offer

better therapeutic options for this population. For that reason, we

assessed the activity of the IL-1 Receptor Antagonist (IL-1Ra) in

these cell line models. IL-1Ra is a naturally occurring cytokine

which binds competitively to IL-1 Receptor 1, preventing IL-1

binding and activation of specific inflammatory pathways (33). IL-

1Ra has been used as a treatment for rheumatoid arthritis, andmore

recently IL-1Ra has emerged as a potential anti-cancer therapy (33).

It has been shown that IL-1Ra is involved in suppression of

carcinogenesis, metastasis and inhibition of oncogenic pathways

in many types of cancer, including CRC (33). Clinical studies have

determined an association between gene polymorphisms and

circulating levels of IL-1Ra, and a good prognostic value.

Specifically, it has been shown that CRC patients carrying the T/

T allele, which is associated with increased levels of circulating IL-

1Ra, have a higher survival rate compared to those carrying the C/C

allele (46). Interestingly, our data shows an increased expression for

IL1RN (IL-1Ra) in one of the AA cell lines. Despite this finding,

treatment with IL-1b still significantly increased cell proliferation in

this cell line. Therefore, when we tested the secretion levels of IL-

1Ra we saw no secretion of the cytokine in any of the cell lines, in

the presence or absence of IL-1b treatment. As shown in a recent

study (47), our results also suggest a role for IL-1Ra in preventing

IL-1b-mediated effects on 5-FU response.

In addition, our results demonstrated that the increase of both

phospho-IkBa expression and IL-8 secretion seen following

treatment with IL-1b, was prevented when the cells were pre-

treated with IL-1Ra. Our findings are in accordance with previous

studies showing a role for IL-1Ra in blocking both IL-1a and IL-

1b-mediated angiogenesis, via NF-kB pathway (48, 49). NF-kB
regulates transcription of multiple genes involved in critical

cellular mechanisms, therefore, in normal cells, NF-kB
activation is strictly regulated and signaling is rapidly turned off.
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In cancer cells however, NF-kB pathway is often dysregulated so

that cells could evade apoptosis and proliferate uncontrollably. In

the context of colorectal cancer, NF-kB and some of its regulated

genes, have been found to be expressed at higher levels in tumors

samples, and appear to correlate with a worse prognosis (50, 51). It

has been shown that NF-kB induces transcription of many genes,

including pro-inflammatory cytokines, such as IL-8, IL-6 and

TNF-a (44). Our findings show an increased baseline secretion of

IL-8 in AA cell lines which is further increased following

treatment with IL-1b. Secretion of IL-8 from cancer cells into

the tumor microenvironment is associated with an increased

recruitment and accumulation of myeloid suppressor cells at the

tumor site and it correlates with poor outcomes (52). Interestingly,

we have previously showed an increase in both IL1B and IL8 gene

expression in AA tumor samples, increased presence of myeloid

cells, as well as upregulation of genes related to myeloid-derived

suppressor cells (11). In light of all these findings, we suggest a role

for IL-1b, in which higher expression and secretion of this

cytokine induces activation of pro-inflammatory pathways and

contributes to tumor progression

In the present study, we assessed for the first time, the

response to the pro-inflammatory cytokine IL-1b in AA colon

cancer in vitromodels, with the purpose of better understanding

the mechanisms behind the lower response to treatment as well

as overall poor prognosis in AA patients (4). We demonstrated a

pro-tumorigenic role for IL-1b and the ability for the cytokine to

interfere with the effects of the chemotherapeutic agent 5-FU.

We observed a more pronounced response to IL-1b in terms of

cell proliferation and differential expression of genes and pro-

inflammatory proteins between AA and CA cell lines, which

might suggest that specific cellular functions might be regulated

via different pathways in these cell lines. We also demonstrated a

higher baseline expression of pro-inflammatory genes and

cytokine IL-8 secretion in our AA cell lines, suggesting an

important role for inflammatory pathways to be further

investigated, in the context of cancer health disparities.

Overall, our data demonstrated differential expression of pro-

inflammatory genes and distinct responses to inflammatory

stimuli between AA and CA colon cancer cell lines. However,

more work is needed to better address the issue of cancer racial

disparities and to better serve the cancer necessities of

underrepresented communities. We believe our in vitro

models represent the first step towards identifying new

molecules that differ between the AA and CA populations, and

that could represent important biomarkers for diagnosis,

response to treatment and new therapeutic strategies.
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SUPPLEMENTARY FIGURE 1

IL-1b induces proliferation in AA and CA colon cancer cell lines. Changes
in cell proliferation were detected viaMTS Assay in both AA and CA colon

cancer cell lines. Cells were seeded in media containing increasing

concentrations of IL-1b (1, 5, 10, 30, 60 ng/ml) and changes in cell
viability were detected after 96 hours. MSS cell lines (CHTN-96 and HT-

29) (A), MSI cell lines (SB-521 and HCT-116) (B). Data representative of
three independent experiments. Error bars represent SEM. *p < 0.05, **p <

0.01, ***p < 0.001.

SUPPLEMENTARY FIGURE 2

IL-1Ra inhibits IL-1b-induced proliferation in colon cancer cell lines. Cells
were seeded in media without (Control and IL-1Ra) or with (IL-1b and IL-

1b + IL-1Ra) 10 ng/ml of IL-1b and incubated for 24 hours. The following
day IL-1Ra (10 ug/ml) was added and treatment was carried out for 24

hours (A), 48 hours (B) and 72 hours (C). Cell viability was detected viaMTS
assay. Data are representative of three independent experiments. Error

bars represent SEM. *p<0.05, **p<0.01, ***p<0.001.
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51. González-Quezada BA, Santana-Bejarano UF, Corona-Rivera A, Pimentel-
Gutiérrez HJ, Silva-Cruz R, Ortega-De-la-Torre C, et al. Expression profile of NF-
kB regulated genes in sporadic colorectal cancer patients. Oncol Lett (2018) 15
(5):7344–54. doi: 10.3892/ol.2018.8201

52. Tobin RP, Jordan KR, Kapoor P, Spongberg E, Davis D, Vorwald VM, et al.
IL-6 and IL-8 are linked with myeloid-derived suppressor cell accumulation and
correlate with poor clinical outcomes in melanoma patients. Front Oncol (2019)
9:1223. doi: 10.3389/fonc.2019.01223
frontiersin.org

https://doi.org/10.3892/ijo.2018.4510
https://doi.org/10.3892/ol.2016.5254
https://doi.org/10.1002/jcb.25824
https://doi.org/10.3233/cbm-2006-21-206
https://doi.org/10.3233/cbm-2006-21-206
https://doi.org/10.1038/sj.bjc.6605780
https://doi.org/10.2147/OTT.S192923
https://doi.org/10.3892/or.2019.7373
https://doi.org/10.4143/crt.2013.45.4.325
https://doi.org/10.1093/jnci/djv186
https://doi.org/10.1038/srep41920
https://doi.org/10.1111/imr.12621
https://doi.org/10.3389/fimmu.2019.01197
https://doi.org/10.1158/1078-0432.CCR-05-1603
https://doi.org/10.1158/1078-0432.CCR-05-1603
https://doi.org/10.1016/j.abb.2016.06.001
https://doi.org/10.1007/s40487-018-0089-z
https://doi.org/10.3389/fimmu.2020.01526
https://doi.org/10.1186/1479-5876-4-48
https://doi.org/10.1186/1479-5876-4-48
https://doi.org/10.3390/cancers10100355
https://doi.org/10.1111/imr.12606
https://doi.org/10.3390/cancers11101618
https://doi.org/10.3892/ol.2018.9857
https://doi.org/10.1186/1476-4598-8-110
https://doi.org/10.18632/oncotarget.3816
https://doi.org/10.3390/molecules13081551
https://doi.org/10.3390/molecules13081551
https://doi.org/10.1038/bjc.2013.174
https://doi.org/10.1038/bjc.2013.174
https://doi.org/10.1038/s41467-021-23923-1
https://doi.org/10.1371/journal.pone.0043236
https://doi.org/10.1371/journal.pone.0043236
https://doi.org/10.1016/j.jss.2003.11.023
https://doi.org/10.1155/2021/9355555
https://doi.org/10.1038/tpj.2008.16
https://doi.org/10.4251/wjgo.v12.i8.877
https://doi.org/10.4251/wjgo.v12.i8.877
https://doi.org/10.1038/nri.2017.142
https://doi.org/10.1158/2326-6066.CIR-14-0112
https://doi.org/10.1007/s12291-017-0703-0
https://doi.org/10.3892/ol.2018.8201
https://doi.org/10.3389/fonc.2019.01223
https://doi.org/10.3389/fonc.2022.1010380
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	IL-1β enhances cell viability and decreases 5-FU sensitivity in novel colon cancer cell lines derived from African American patients
	Introduction
	Materials and methods
	Cell culture and reagents
	RNA sequencing
	Cell viability assays
	Enzyme-linked immunosorbent assays
	Western blot
	Flow cytometry
	Statistical analyses

	Results
	AA and CA colon cancer cell lines show differentially expressed genes involved in IL-1, MAPK and NF-κB pathways
	IL-1β decreases sensitivity to 5-FU treatment in colon cancer cell lines
	IL-1R/IL-1β axis is responsible for IL-1β induced effects

	Discussion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


