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Abstract

This study monitored the changes in the expression of inflammatory IL-6 and IL-1p during the treatment period of
Fluoropyrimidine (FP) based therapy. RNA was extracted from the peripheral blood of 102 CRC patients before
treatment with FP therapy, and from 48 and 32 patients after 3 and 6 months of treatment, respectively. The genetic
transcription of IL-6 and IL-13 was determined by real time PCR. Patients were stratified according to their levels of
IL-6 and IL-1 genes expression for subgroup and survival analyses. Baseline CRC patients showed overexpression
of IL-6 and IL-13 compared to healthy control. FP therapy significantly induced IL-6 and IL-1(3 expression. Subgroup
analysis showed that patients with right colon tumors had significant elevation in both IL-6 and IL- 13 with FP therapy. FP
therapy significantly induced IL-1[3 expression in patients <45years, smokers, with high baseline level of CA19.9, right
colon tumors, low grade pathology, T3 tumors and positive lymph nodes. Survival analysis showed that baseline levels
of interleukins expression had insignificant effect on overall survival and event free survival. FP therapy has an impact
on the level of interleukins expression declared in certain clinicopathological subgroups of CRC patients, but without a
prognostic significance on patients’ survival.
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Introduction

'Pharmacology and Experimental Oncology Unit, Cancer Biology
Department, National Cancer Institute, Cairo, Egypt

Colorectal cancer (CRC) is the most frequently

diagnosed type of cancer in developing populations.
Fluoropyrimidine (FP) based therapy described
as single agent of capecitabine or 5-fluorouracil
(5-FU), and in combination with oxaliplatin, is still
the gold standard in CRC treatment.!

The transition of normal epithelium into malig-
nancy is not driven only by the intrinsic genetic
mutations, but also by the interaction of tumor
cells with the components of tumor microenviron-
ment.? Interleukins are small molecule cytokines
expressed by tumor-associated macrophages and
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neutrophils. Interleukins possess dichotomous
functions depending on the phase of the disease,
and their receptors were found on both intestinal
epithelia and tumor cells.?

Cytokines secreted by the activated tumor
stroma have role in initiating and sustaining the
chronic inflammation of gut.* Cytokines modulate
tumor growth and enhance the invasiveness of
tumor cells through the activation of nuclear fac-
tor-kappa B (NF-kB) by tumor necrosis factor
alpha (TNFa) and interleukin-1p (IL-1p), and also
through the activation of STAT3 by interleukin-6
(IL-6).57

Nagasaki et al.® demonstrated that stromal fibro-
blasts isolated from colon cancer produced signifi-
cant amounts of IL-6 which enhanced VEGF
production by fibroblasts, thereby inducing angio-
genesis. IL-6 mediated the upregulation of integrin
6, which was involved in the invasion and epithe-
lial-mesenchymal transition of CRC cells.® The
progression of CRC disease was correlated with
the significant overexpression of IL-6 in serum!'’
and in CRC tissues.'! IL-6 was positively corre-
lated with CRC tumor TNM stage, depth of inva-
sion and lymph node metastasis.!' An association
was shown between serum values of carcinoemby-
onic antigen (CEA) and IL-6.!% Also an association
was shown between high IL-6 expression and risk
of relapse'? and poor overall survival (OS) and
disease-free survival (DFS).'*

The action of IL-1p in CRC is mediated through
the NF-kB pathway.!> IL-1P increased the expres-
sion of miR-181a, leading to the inhibition of
tumor supressor (PTEN) expression and the pro-
motion of colon cancer cells proliferation.!® Also it
is documented that IL-1p increased the expression
of MiR301A in intestinal epithelial cells in colitis-
associated cancer patients, thus inhibiting BTG
anti-proliferation factor 1 (BTG1) expression.'¢
High IL-1p expression was correlated with high
expression of human leukocyte antigen class II
molecules and monocyte activation in CRC intesti-
nal mucosa.!” IL-1B, produced by neutrophils in
the intestinal mucosa, can induce mononuclear
phagocytes to produce IL-6, thereby promoting
tumor initiation and progression.'®

Accordingly, this study tracked the changes of
IL-6 and IL-1p expression in the peripheral blood
of CRC patients at baseline and after 3 and 6 months
of treatment with FP therapy, to be correlated with

their clinicopathological characters and their
survival.

Patients and methods
Ethics approval and consent to participate

This study was conducted according to Good
Clinical Practice guidelines. The study was
approved by the Institutional Human Research
Ethics Committee of NCI, Egypt, and conducted
in accordance with the Declaration of Helsinki
and an informed consent was taken from each
patient.

Patients

This is a prospective study in which 102 CRC
patients were enrolled at baseline and after 3 and
6 months during the course of FP based therapy.
Patients included in this study were admitted to the
National Cancer Institute, Cairo University during
the period from February 2014 to December 2014.
A written informed consent was taken from the
participated patients, and the full clinicopathologi-
cal information was recorded from the patients’
files. Thirty-two healthy individuals, matched in
sex and age with our patients, were recruited as
control. The mean = Standard deviation of age of
healthy controls was 39 13.8 and the male:
female ratio=1:1.6, P=0.16. Peripheral blood
samples were collected in EDTA tubes under com-
plete aseptic conditions. Mononuclear cells were
isolated from the whole blood samples using
hemolysin buffer (8.46 g, 84 ammonium chloride,
1 g potassium bicarbonate and 1 g ethylene diamine
disodium salt dissolved in 11 water, and the pH
was adjusted at 7-7.2), as described in our previ-
ous work in Fouad et al.?®

Patients included in this study had the following
criteria: newly diagnosed with CRC, at age =
18 years, with performance status 1, 2, and 3 by
Eastern Cooperative Oncology Group (ECOG)
scale, not received chemotherapy before, had cura-
tive fluoropyrimidine based treatment for colorec-
tal cancer, and no psychological or geographical
barriers for regular follow up of the patients. Event
free survival (EFS) and the hazard of recurrence
and progression were the primary end points. The
exploratory measure in the first publication was the
impact of epigenetic (global DNA methylation:
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5-methyl cytosine and DNA methyl transferases)
in the response of colorectal cancer patients to
fluoropyrimidine therapy.!” However, in this one,
and on the same cohort of patients, the change in
interleukins (IL-6 and IL-1f3) expression was eval-
uated in response to fluoropyrimidine therapy.

RNA extraction and c-DNA synthesis

Total RNA was extracted from the lymphocytic
cell pellet with total RNA purification kit (Direct-
Zol RNA Kit, Zymo Research, Germany) in which
isopropanol (300 pl) was added to the cell lysate to
extract the nuclear RNA. After several steps of
centrifugations and washings of spin column
placed in a 2ml collection tube, pure RNA was
separated and eluted with 40l of elution buffer
into RNase-free microcentrifuge tube. cDNA syn-
thesis was performed according to the manufac-
turer’s instructions using Revert Aid First Strand
cDNA synthesis kit (ThermoFisher, UK) in which
RNA sample (10 ul) was added to 10pl reaction
2X Reverse Transcription Master mix: 2 ul of RT
buffer, 0.8 ul ANTP mix, 2 pul random primers, 1 pl
reverse transcriptase, 1pul RNase inhibitor and
3.2l nuclease-free water were mixed together.
The tubes were loaded to the thermal cycler with
the following conditions: 25°C (10min), 37°C
(120 min), and 85°C (60 min).

Quantitative evaluation of interleukins
expression with real time PCR

Quantitative real time PCR was conducted accord-
ing to manufacturer’s instructions by Applied
Biosystems syber green PCR master mix (USA) in
which 2 ul of cDNA was added to 18 ul of the reac-
tion master mixture: 10 ul Syber green mix, 0.5 pl
Passive Reference Dye, 0.4ul forward primer,
0.4 ul reverse primer and 6.7 ul nuclease free H,O.
Initial denaturation at 95°C for 10 min, followed by
40 cycles of denaturing at 95°C for 15s, and
annealing at 62°C for 1 min was performed for all
analyses in triplicate on a 7500 Real-Time PCR
System (Applied Biosystems, Foster City, CA,
USA). Reverse and forward sequences of primers
genes encoding for mRNA transcript of IL-6 and
IL-1pB genes were designed by NCBI-NIH tool and
the sequences were summarized as follows: 1L-6
(Sequence ID: NM_000600.5, Region: 546-565)
forward primer: GAGACTTGCCTGGTGAAAAT,

reverse primer: CAGGGGTGGTTATTGCATCT.
IL-1B (Sequence ID: XM _017003988.2, Region:
467-486) forward primer: GGACAAGCTGA
GGAAGATGGC,reverseprimer: TTTTTTGCTGT
GAGTCCCGG. B-actin (Sequence ID: NM
001100.3, Region: 286-304) forward primer:
CCAGAGCAAGAGAGGTATCC, reverse primer:
CTGTGGTGGTGAAGCTGTAG. CT values were
normalized to housekeeping gene (B-actin) (272
in order to calculate the relative expression of each
gene. Also the fold change of genes expression
(2724¢Y was calculated after normalization to the
genes expression in baseline patients and in healthy
controls.?’ In the analysis of baseline IL-6 and
IL-1p genes expression (Figures 1a and 2a), and in
the subgroup analysis of the two genes (Tables 2
and 3), the normalization was relative to the healthy
control levels of the genes. However, in the effect
of fluoropyrimidine therapy on interleukins expres-
sion in Figures 1b and 2b, the CT values of genes
expression was normalized to the level of the genes
in baseline patients before fluoropyrimidine
therapy.

Survival analysis

After 3years of follow up, OS and EFS of CRC
patients were calculated by Kaplan-Meier method
of analysis for the subgroups of patients with the
over- and under-expression levels of interleukins.
Patients were stratified around their median expres-
sion baseline level of interleukin, where patients
with relative IL-6 expression level <1.72 and
IL-1B <1.77 were considered with under-expres-
sion, while patients with IL-6 expression level
>1.72 and IL-1B =<1.77 were considered with
over-expression. OS was calculated from the date
of diagnosis till the date of last visit or the date of
death, while EFS was calculated from the date
of resection or neoadjuvant therapy to the date of
recurrence, progression, or death, which occurred
first. EFS for patients who neither progressed,
relapsed, nor died, was censored at last assessment
prior to loss to follow-up. COX proportional-haz-
ards model was used to determine the independent
significant risk of individual factors.

Statistical analyses

IBM SPSS statistical package version 24 was used
in data manipulation. Statistical power analysis
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Figure |. (a) IL-6 expression in healthy control and baseline CRC patients. (b) The change in IL-6 expression after 3 and 6 months

of FP therapy normalized to their baseline levels in CRC patients.
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Figure 2. (a) IL-1P expression in healthy control and baseline CRC patients. (b) The change in IL-13 expression after 3 and

6 months of FP therapy normalized to their baseline levels in CRC patients.

aSignificant difference when CRC patients after 3 and 6 months of FP therapy were compared with their baseline level, P value <0.05.

bSignificant difference when CRC patients after 6 months of FP therapy were compared with their level after 3 months of FP therapy, P value <0.05.

was used for the determination of the effective
sample size of CRC patients in order to detect the
true effect of fluoropyrimidine therapy on interleu-
kins expression over the treatment period of
6months. Numeric data explored for normality
using Kolmogrov-Smirnov test and Shapiro-Wilk

test. Categorical data were expressed as count of
patients, while numerical data were summarized as
25 percentile, median, and 75 percentile. Patients
were stratified into subgroups according to their
clinicopathological. The comparison between sub-
groups of CRC patients was tested by Chi-Square
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test for the categorical data. Kruskall Wallis was ~ Table I. (Continued)
used to test the significance for more than two sub- .., N (%)
groups of numerical data, and then Mann-Whitney
was conducted for pairwise testing. The effect of CEl,Iol\l | 2 (1.96)
FP therapy on genes expression over time (3 and Nof:; 46 (58.22)
6 months) in certain subgroup of CRC patients was High 33 (41 '77)
tested by Friedman, followed by pairwise compari-  caA19.9 jevel
son with Wilcoxon matched test. All P-values were Normal 57 (79.16)
two-sided and P-values <0.05 were considered High 15 (20.83)
significant. Surgery
No surgery 28 (27.40)
Surgery 74 (72.55)
Results Tumor location
. Right colon 30 (29.41)
Patients Left colon 25 (24.50)
The full clinicopathological characters of our 102 Rectum 40 (39.21)
CRC patients were demonstrated in Table 1. Nearly ~ Pathology .
half of the patients (46%) were <45years with ':/Ide@carc'"zm i ;: gzggg
. . ucinous anda signet rin .
slight male predominance (53.92%). Most of the Grade g &
I 82 (80.39)
Table |. Patients’ clinicopathological characteristics and T . . 20 (19:60)
treatment protocol. u1r_r120r size 15 (14.70)
Variables N (%) T3 65 (63.72)
Total number of patients 102 (100) Lyr-:;h nodes 19 (18.62)
Age
Negative 41 (40.19
<45years 47 (46.07) P ﬁtive 39 Eas 23;
>45years 55 (53.92) Metastasis '
Ratio (young:old) I:1.2 No 71 (69.90)
Median age 46 Yes 31 (3039)
Range 19-72 Sites of metastases™ "
Mean age 45 =137 Liver 20 (19.60)
Gender Peritoium 17 (16.67)
Male 55 (53.92) Lung 8 (7.84)
Female 47 (46.07) Others 16 (15.68)
Ratio (male:female) 1:0.85 Stage ’
Comorbidities* ™" ”g 32 (31.37)
Hypertension 8(7.84) M 39 (38'23)
Diabetes mellitus 7 (7.84) v 3 (30'39)
Hepatitis C infection 7 (7.84) FP therapy** '
Sm:lklng 71 (69.60 No FP therapy 5 (4.90)
Y N 30 (30'39) Neoadjuvant FP therapy 35 (34.31)
e (3039) Adjuvant FP therapy 81 (79.41)
Complains™*
. Protocol of FP therapy™*
Bleeding/rectum 56 (54.90) Single agent 28 (27.45)
Abdominal pain and swelling 45 (44.11) Combination 8l (79'4”
C?nstlpatlon . 7.(16.67) After treatment toxicities™ "
Diarrhea and vomiting 12 (11.76) GIT 28 (27.20)
Urine retention and stool incontinence 2 (1.96) Non-GIT 29 (28'30)
Anemia 1 (0.98) i
Performance status Data presented as counted number of patients and percentage N (%)
I 85 (83.33) to the total number of patients (102).
Il 15 (14.70) CEA: carcinoembyonic antigen; CA19.9: carbohydrate antigen 19.9; FP

(Continued)

therapy: fluoropyrimidine therapy.
**More than one event per patient was recorded.
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Table 2. IL-6 relative expression in subgroups of Egyptian CRC patients at baseline and after treatment with FP therapy for 3 and

6 months.
IL-6 fold change relative to healthy control (2722€T) in CRC patients P-value
At baseline After 3 months of FP After 6 months of FP
therapy therapy
N Median (IQR) N Median (IQR) N Median (IQR)
Age <45 47 1.72 (0.13-2.73) 23 2.88 (0.60—4.63) 15 12.25 (0.84-18.78) 0.584
>45 55 1.46 (0.57-3.29) 25 2.06 (0.10-3.56) 17 12.52 (1.30-19.54) 0.526
P-value 0.682 0.289 0.992
Sex Female 47 1.25 (0.25-3.62) 20 1.49 (0.32-3.22) 13 12.27 (0.80-18.93) 0.779
Male 55 1.72 (0.60-2.73) 28 3.32 (1.96-6.53) 19 12.39 (1.57-18.91) 0.148
P-value 0.930 0.129 0.762
Smoking Non smoker 71 1.75 (0.53-2.87) 34 2.13 (0.68—4.22) 20 12.37 (1.53-18.64) 0.810
Smoker 31 0.58 (0.17-3.61) 14 1.88 (0.35-3.95) 12 9.98 (0.73-26.44) 0.197
P-value 0.770 0.370 0.923
Baseline Normal 33 1.75 (1.46—4.29) 5 1.83 (0.10-4.63) 8 15.57 (0.63-26.44) 0.526
CEA High 46 1.79 (0.53-2.87) 13 2.20 (2.06-4.66) 4 12.45 (1.07-18.64) 0.641
P-value 0.550 0.554 0.704
Baseline Normal 15 1.32 (0.53-2.50) 7 2.06 (0.10-3.56) 3 12.30 (0.69-18.78) 0.202
CAI19.9 High 57 4.94 (2.40-7.89) 12 3.18 (0.10-8.40) Il 12.46 (0.65—-18.64) 0.717
P-value 0.234 0.320 0.924
Site of Right colon 30 1.74 (0.30-3.96) 15 2.06 (0.10-3.26) 16 12.18% (0.80—18.45) 0.048
tumor Left colon 25 1.91 (1.17-1.95) 15 2.93 (1.39-16.93) 6 10.08 (0.95-18.64) 0.472
Rectum 40 1.01 (0.60-2.62) 18 3.18 (2.20-4.63) 10 13.44 (1.07-23.92) 0.135
P-value 0.898 0.191 0.868
Pathology =~ Adenocarcinoma 66 1.91 (0.60-3.63) 32 2.50 (1.85—4.44) 22 12.45 (2.55-18.91) 0513
Mucinous 34 0.62 (0.17-1.85) 16 0.86 (0.20-3.56) 10 9.90 (0.63-23.92) 0.459
P-value 0.201 0.284 0.550
Grade Low grade 82 1.85 (0.42-3.66) 34 2.06 (0.80—4.44) 24 12.58 (2.17-19.12) 0.444
High grade 20 0.85 (0.39-2.70) 14 2.20 (0.20-3.56) 8 6.00 (0.45-12.45) 0.529
P-value 0.682 0.383 0.176
T T2 15 2.70 (0.60-3.61) 12 4.66 (2.06—11.08) 9 13.72 (11.97-25.86) 0.276
T3 65 1.76 (0.35-3.18) 30 1.96 (0.15-3.59) 18 12.15 (0.95-18.37) 0.627
T4 19 0.85 (0.30-1.75) 6 0.80 (0.60-2.20) 5 8.33 (0.31-25.86) 0.819
P-value 0.785 0.051 0.382
N Negative 41 1.74 (0.60-3.63) 26 2.06 (0.20-4.44) 22 12.57 (2.17-18.93) 0.348
Positive 39 0.50 (0.13-2.49) 22 2.95 (0.92-4.00) 10 7.57 (0.54-18.91) 0.459
P-value 0.343 0.370 0.482
M Negative 71 0.96 (0.30-2.73) 38 2.06 (0.20-3.56) 24 12.18 (0.65-25.46) 0.259
Positive 31 2.49 (0.85-3.61) 10 3.26 (2.06-4.66) 8 13.06 (1.57-18.37) 0.565
P-value 0.390 0.146 0.987
Stage Il 32 0.96 (0.30-3.63) 20 1.85 (0.10-2.95) 13 12.25 (0.80-25.86) 0.062
1] 39 1.21 (0.24-2.34) 18 3.59 (0.924.63) Il 12.15 (0.95-19.12) 0.607
v 31 2.49 (0.85-3.61) 10 3.26 (2.06—4.66) 8 12.51 (1.53-18.37) 0.565
P-value 0.484 0.129 0.946

Data presented as median (interquartile range:IQR) of IL-6 gene expression in 102 CRC patients at baseline, 48 and 32 patients after treatment with
FP therapy for 3 and 6 months, respectively.

IL: interleukin; CEA: carcinoembyonic antigen; CA19.9: carbohydrate antigen 19.9; NA: not applicable; T: tumor burden; N: lymph node; M: metastasis.
2Significant difference when gene level after 3 and 6 months of FP therapy was compared with its baseline level, P-value <0.05. Significant P-values
marked bold and italic.

bSignificant difference when gene level after 6 months of FP therapy was compared with its level after 3months of FP therapy, P-value <0.05. Significant
P-values marked bold and italic.

cases had good performance status (ECOG I). High
initial CEA and CA19.9 levels were recorded in
41.7% and 20.8% of patients, respectively. It was

found that about 24.50% of the patients had their
primary tumor located in the left side while the
right side location was encountered in 29.41% and
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Table 3. IL-1p relative expression in subgroups of Egyptian CRC patients at baseline and after treatment with FP therapy for 3 and

6 months.
IL-1 fold change relative to healthy control (2722€T) in CRC patients P-value
At baseline After 3 months of FP After 6 months of FP
therapy therapy
N Median (IQR) N Median (IQR) N Median (IQR)
Age =45 47 042 (0.25-1.42) 23 1.87 (0.13-2.63) I5 19.772% (5.84-95.45) 0.010
>45 55  3.00 (0.62-3.93) 25  1.22 (0.41-3.18) 17 13.19 (5.90-85.14) 0.135
P-value 0.150 0.582 0.581
Sex Female 47  0.99 (0.35-3.50) 20  2.00 (0.77-3.40) 13 19.00 (9.00-59.39) 0.053
Male 55 257 (0.56-17.86) 28  1.22(0.28-2.57) 19 14.03 (4.20-88.76) 0.368
P-value 0.299 0.272 0.272
Smoking Non-smoker 71 1.85 (0.36-3.93) 34 248 (0.60-2.94) 20 14.03 (5.94-83.29) 0.058
Smoker 31 0.62(0.42-3.41) 14 0.45 (0.28-1.22) 12 23.54*" (5.00-100.00)  0.034
P-value 0.394 0.070 0.661
Baseline Normal 46  1.77 (0.36-3.67) 13 2.54 (0.92-3.95) 4 12.61 (5.03-95.39) 0.169
CEA High 33 3.10(1.42-31.56) 5 1.52(0.41-2.70) 8 17.76 (8.86-83.29) 0.135
P-value 0.162 0.148 0.684
Baseline Normal 57 0.8 (0.35-3.84) 12 1.21 (0.35-2.82) I 20.53 (6.23-95.39) 0.264
CAI19.9 High 15 255 (0.25-6.58) 7 1.36 (0.16-2.57) 5 26.50** (14.03-70.00)  0.029
P-value 0.361 0.589 0.812
Site of Right colon 30 2.60 (0.42-3.93) 15 1.22 (0.28-3.01) 16 7.99*° (2.00-41.00) 0.038
tumor Left colon 25  4.68 (2.28-13.21) 15 734 (4.72-19.56) 6 91.19 (19.00-99.00)  0.174
Rectum 40  0.56 (0.19-1.99) 18  2.49 (0.46-2.63) 10 26.54 (10.39-89.70)  0.236
P-value 0.825 0.441 0.436
Pathology Adenocarcinoma 66  1.85 (0.40-3.93) 32 1.69 (0.43-2.63) 22 17.76 (8.86—49.34) 0.052
Mucinous 34 0.73 (0.36-2.89) 16  1.69(0.28-3.01) 10 13.57 (4.20-87.00) 0.067
P-value 0.242 0.289 0.607
Grade Low grade 82  2.28(0.40-3.93) 34 2.00 (0.41-2.70) 24 15.96*" (5.74-93.00) 0.011
High grade 20 0.56 (0.36-3.41) 14 0.46 (0.15-9.92) 8 13.39 (6.23-42.81) 0.234
P-value 0.545 0.190 0.054
T T2 15 3.06 (1.45-13.79) 12 2.49 (0.41-3.40) 9 14.29 (9.30-100.00)  0.156
T3 65  1.21 (0.36-3.93) 30 1.22 (0.43-2.70) 18 13.90** (5.13-79.00) 0.022
T4 19 042 (0.14-2.55) 6  1.45(0.46-2.28) 5 39.50 (7.00-100.00)  0.549
P-value 0.067 0.569 0.485
N Negative 41 0.99 (0.40-3.84) 26  1.87(0.77-2.57) 22 17.63 (7.73-93.00) 0.065
Positive 39 201 (0.39-3.67) 22 0.46 (0.15-3.01) 10 14.032> (4.20-88.76) 0.045
P-value 0.322 0.311 0.889
M Negative 71 0.86 (0.36-3.62) 38 1.6l (0.35-2.60) 24 19.00 (5.74-39.00) 0.070
Positive 31 2.89(0.62-3.93) 10 1.69(0.41-3.01) 8 12.64 (7.00-82.71) 0.102
P-value 0.390 0.289 0.168
Stage Il 32 0.99 (0.40-3.84) 20  1.85(0.43-2.57) 13 19.00 (7.73-95.51) 0.155
11l 39  0.50(0.25-3.93) 18 1.51 (0.30-3.68) I 14.03 (4.20-70.00) 0.069
v 31 2.60 (0.42-3.93) 10 1.69 (0.35-2.85) 8 13.02 (7.00-79.00) 0.102
P-value 0.474 0.348 0.309

Data presented as median (interquartile range: IQR) of IL-13 gene expression in 102 CRC patients at baseline, 48 and 32 patients after treatment
with FP therapy for 3 and 6 months, respectively.
IL: interleukin; CEA: carcinoembyonic antigen; CA19.9: carbohydrate antigen 19.9; NA: not applicable; T: tumor burden; N: lymph node; M: metastasis.
2Significant difference when gene level after 3 and 6 months of FP therapy was compared with its baseline level, P-value <0.05.

bSignificant difference when gene level after 6 months of FP therapy was compared with its level after 3 months of FP therapy, P-value <0.05.

rectal cancer represented 39.2% of all CRC
patients. Adenocarcinoma (69.60%), grade II
(80.39%), and T3 tumors (63.72%) were the most

common pathological subtypes. Thirty-one patients
presented with metastatic disease where the liver
was the most frequent site followed by the
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peritoneum then the lung. Out of 102 patients, 97
patients received FP based therapy either as single
agent of capecitabine (22 % of patients) or com-
bined with oxaliplatin (78 % of patients).

IL-6 expression at baseline and after FP-
therapy in CRC patients

Figure 1a showed the mRNA expression of IL-6 in
baseline CRC patients was significantly higher
than in healthy control (medians=15.96 vs 2.47
folds, P=0.0008). The expression of IL-6 was
insignificantly increased after 3 and 6 months of
FP-therapy, Figure 1b. The increase of IL-6 level
with FP-therapy was signicant only in patients with
right colon tumors (medians=12.18 folds after
6 months of FP-therapy vs 1.74 folds at baseline,
2.06 folds after 3months, P=0.048), as presented
in Table 2.

IL-18 expression at baseline and after FP-
therapy in CRC patients

Figure 2a showed the mRNA expression of IL-1[3
was insignificantly higher in baseline CRC patients
than in healthy control (medians=12.35 vs 5.8
folds, P=0.92). Significant induction in IL-13
expression by 3.46 and 8.06 folds was revealed
after treatment with FP-therapy for 3 and 6 months,
respectively (Figure 2b). The increase of IL-1f3
was significantly apparent after 6 months of ther-
apy in patients <45years, smokers, with high
baseline level of CA19.9. Also FP therapy induced
IL-1p elevation in patients with right colon tumors,
low grade, and T3 tumors and with positive lymph
nodes (Table 3).

Survival analysis

The mean OS of all patients was 18.43 months,
while the mean EFS of all patients was
28.33 months. There was no significant associa-
tion between OS rate and baseline IL-6 expression
level [25.17months in patients with under-
expression of IL-6 (I1-6 level <1.72) compared to
24.64 months in patients with over-expression of
IL-6 (11-6 level >1.72), P=0.673, Figure 3a], and
also for IL-1PB [26.55months in patients with
under-expression of IL-1B (II-1B level <1.77)
compared to 24.57 months in patients with over-
expression of IL-1p (II-1f level >1.77), P=0.164,
Figure 3b]. Similarly, there was no significant

association between EFS rate and baseline IL-6
expression level [19.97months in patients with
under-expression of IL-6 (I1-6 level <1.72) com-
pared to 18.33months in patients with over-
expression of IL-6 (II-6 level >1.72), P=0.465,
Figure 3c], and IL-1P [22.23 months in patients
with under-expression of IL-13 (II-1p level <1.77)
compared to 16.33 months in in patients with over-
expression of IL-1B (II-1B level >1.77, P=0.094,
Figure 3d].

Multivariate COX regression analysis revealed
that poor tumor grade is independent prognostic
factors for poor OS of CRC patients (HR=1.17,
95% CI=1.04-1.70, P=0.014), Table 4.

Discussion

Interleukins are the key regulators of inflamma-
tion-cancer transformation.?! In spite of their role
in the induction of CRC growth and progression,
they have also a well-established role in the main-
tenance of normal gut homeostasis.?> Because of
their double sword nature, CRC treatment becomes
difficult.?

Before FP therapy, our CRC patients showed
upregulation of both IL-6 and IL-1pB levels com-
pared to healthy control. Tumor biopsies of
patients with metastatic CRC have increased tran-
scripts of IL-1B which promote the recruitment of
myeloid-derived suppressor cells to tumors and
support disease progression.>* IL-6 is a growth
factor for human colon cancer cells. It protects
cells from Fas-induced apoptosis through upregu-
lation of bel-x.>> Tumor derived IL-6 was shown
to enhance the self-seeding of solid tumors, a pro-
cess whereby IL-6 promote tumor growth and
enhance angiogenesis of circulating tumor cells.?

Several experimental and clinical studies have
linked the pleiotropic nature of IL-6 cytokine to the
pathogenesis of sporadic and inflammation-associ-
ated CRC.?” IL-6 directly promotes tumor cell pro-
liferation and inhibits apoptosis. It activates
transmembrane glycoprotein 130 subunit on the
surface of tumor cells, switching on the subsequent
intracellular signal of Janus kinases (JAKs), and
signal transducer and activator of transcription 3
(STAT3).%® In addition IL-1p has an indirect effect
in the progression of CRC. It promotes the growth
of CRC tumors through the induction of expres-
sion of several proinflammatory mediators (TNFa,
IL-6, IL8, IL-17, COX-2, and PGE2) in CRC
tumor cells.?*°
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Figure 3. Kaplan-Meier analysis of OS for IL-6 (a) and IL-1B (b), EFS for IL-6 (c), and IL-If3 (d). Baseline CRC patients were
stratified into two groups of over-expression and under-expression around their median expression level of IL-6 and IL-1(3

normalised to B-actin.

The results of this study showed the effect of FP
based therapy in interleukins expression.
Significant elevation in IL-1p level with FP based
therapy was exhibited particularly in patients’
<45years, smokers, with high baseline level of
CA19.9, right colon tumors, low grade pathology,
T3 tumors, and positive lymph nodes. Morgillo
et al.’!correlated IL-1B overexpression with the
resistance to chemotherapy. It was found that IL-13
activates Zinc Finger E-Box Binding Homeobox 1
(Zebl), causing an increase in the self-renewal of
colon stem cells and subsequent activation of the
epithelial mesenchymal transition.*! Zaki et al.*
reported the activation of IL-1p in response of cell
stress or infection, in which leucine-rich repeat

inflammasome caused caspase-mediated cleavage
and activation of IL-1p. Also, IL-1p has an essen-
tial role in the chronic proliferation required to
repair the damage of the epithelial monolayer
caused by constant inflammation.® It induces
acute phase cytotoxic response through enhancing
the expression of adhesion molecules, stimulating
the proliferation of fibroblasts and activating mul-
tiple pro-coagulant factors.*’

Chemotherapy induces reactive oxygen species
and proinflammatory cytokines such as IL-1f,
IL-6, and TNF-a leading to an increase in the
mucosal damage.®* It was claimed that 5-FU
increased the myeloperoxidase activity in tissues
and the proinflammatory cytokine secretion in the
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Table 4. Multivariate COX regression for the hazard ratio (HR) of OS and EFS rates for subgroups of baseline CRC patients.

Subgroup of patients HR of 95.0% Cl for exp(B) P-value
o Lower Upper
Age (>45years vs <45years) 0.64 0.25 1.68 0.370
Sex (male vs female) 1.02 0.33 3.18 0.967
Smokers vs non-smokers 1.43 0.44 4.67 0.553
PS 11l vs PS 1&lI 0.08 0.00 2.56 0.151
Initial high vs low CEA 1.6l 0.41 6.30 0.492
Initial high vs low CA19.9 1.41 0.38 5.23 0.605
Rectum and left vs right tumor location 1.92 0.63 5.8l 0.249
Mucinous and signet ring vs adenocarcinoma pathology 0.32 0.07 1.46 0.142
Grade Il vs |l 1.17 1.04 1.70 0.014
T3&T4vs T2 1.52 0.44 5.26 0.511
N (positive vs negative) 1.32 0.16 10.93 0.795
M (yes vs no) 2.47 0.31 19.64 0.393
Stages Ill & IV vs Il 0.39 0.04 4.34 0.446
Over-expression vs under-expression of IL-6 1.30 0.32 5.36 0.717
Over-expression vs under-expression of IL-13 2.38 0.86 6.54 0.094
Subgroup of patients HR of 95.0% ClI for exp(B) P-value
EFS
Lower Upper
Age (>45years vs <45years) 1.00 0.41 2.43 0.994
Sex (male vs female) I.14 0.46 2.8l 0.781
Smokers vs non-smokers 1.60 0.6l 4.17 0.335
PSIlvs PS1 &Il 0.10 0.01 1.93 0.127
Initial high vs low CEA 0.88 0.29 2.64 0.817
Initial high vs low CA19.9 1.03 0.32 333 0.956
Rectum and left vs right tumor location 1.79 0.69 4.65 0.235
Mucinous and signet ring vs adenocarcinoma pathology 0.90 0.27 3.04 0.864
Grade Il vs |l 0.56 0.17 1.82 0.334
T3&T4vs T2 0.76 0.30 1.93 0.561
N (positive vs negative) 1.54 0.28 8.38 0.620
M (yes vs no) 1.32 0.25 7.06 0.743
Stages Ill & IV vs |l 0.68 0.11 4.06 0.670
Over-expression vs under-expression of IL-6 0.98 0.32 2.95 0.967
Over-expression vs under-expression of IL-1(3 1.87 0.16 3.82 0.065

sera of CRC patients leading to systemic inflam-
mation.* The activation of systemic inflammatory
response to tumors has been shown to be a risk fac-
tor for inferior survival and poor treatment out-
come in CRC.%

In this study, it was found an association between
young age (<45years) and the induction of IL-1(3
expression by the treatment with FP therapy.
Recently, it is reported that young CRC patients
have distinct molecular and clinical features than
elderly ones which control their response to 5-FU
therapy.’’° In Cheong et al.*’ study, CRC patients
<50years showed higher incidences of mucin pro-
duction, high microsatellite instability, and N2
stage. Also, in the retrospective review of Willauer

et al.,’® early-onset CRC patients were more likely
to have synchronous metastatic disease, primary
tumors in the distal colon or rectum, and fewer
BRAF V600 mutations in comparison with patients
50years old or older. Mauri et al.° described the
characters of early-onset CRC by a more advanced
stage at diagnosis, poorer cell differentiation,
higher prevalence of signet ring cell histology, and
left colon-sided location of the primary tumor.
Furthermore, it was noticed an increase of both
IL-6 and IL-1p with FP therapy in patients with
right sided tumors. The difference in immune land-
scape, genetic make-up, and response to therapy
between right sided and left sided was well docu-
mented in Zhang et al.** and Baran et al.*! CRC
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immune microenvironment in right side tumor was
characterized by increased infiltration of immune
cells with enhanced cytotoxic function, based on
higher cytotoxic activity scores and interferon-y
signatures.** Molecularly, distal (right) tumors
have a higher frequency of chromosomal instabil-
ity, p53 mutations, and defects in mismatch repair-
related genes as well as MLHI silencing, but a
lower frequency of microsatellite instability and
CpG island methylator phenotype compared with
proximal (left) tumors.*

In spite of the increase of interleukins expres-
sion with FP therapy was associated with certain
subgroups of CRC patients, however it was not
associated with a significant prognostic value.
Suggesting for future investigation for the use of
naturally or synthetic immunomodulatory agents
in combination with FP therapy in order to improve
its effectiveness in CRC patients. Undeniably, the
main drawback of the current study is the limita-
tion of the method of analysis to genetic expression
without post-translational confirmation of interleu-
kins protein levels. In addition, the sample col-
lected was heterogeneous (from patients with
different tumor locations and at different stages of
the disease); however subgroup analysis over-
whelmed that limitation. Also, it is recommended
to replicate that work with broader array of tumor
microenvironment associated genes in order to
determine their paracrine role in the treatment
response of CRC patients to therapy. Furthermore,
this study lack of information about point muta-
tions in interleukins expression and its association
with treatment outcome. So, future investigation,
with gene sequencing technology, for inflamma-
tory and immunoregulatory panels of genes will
improve the already followed steps in CRC person-
alized therapy, and will enhance the treatment pre-
cision through careful selection of CRC patients
who are eligible for fluoropyrimidine therapy after
pharmacogenetic investigation.

Conclusion

Before FP therapy, CRC patients showed upregula-
tion of both IL-6 and IL-1p levels compared to
healthy control. FP therapy induced the expression
of IL-1P particularly in patients’ <45 years, smok-
ers, with high baseline level of CA19.9, right colon
tumors, low grade pathology, T3 tumors, and posi-
tive lymph nodes. The expression of both IL-6 and

IL-1PB were increased with FP therapy in patients
with right sided tumors. Both types of interleukins
were not associated with significant effect on
patients’ survival, and poor (grade III) was the only
independent predictor for the patients hazard of
death during the OS time.
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