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Simple Summary: This research studied how three types of proteins, called interleukins (namely 8,
17A and 33), are present in the blood of healthy people and people with colon cancer. Colon cancer
is a disease that affects the large intestine. The paper looked at 82 people, 42 of whom had colon
cancer and 40 of whom did not. The researchers divided the cancer patients into four groups based
on how severe their cancer was. The study measured the amount of interleukins in the blood of each
person using a special test. The paper analyzed the results of the test, considering the age, gender,
and cancer stage of each person. The results showed that younger people, and those with less severe
cancer had more interleukins in their blood. The paper also found that two of the interleukins (8
and 17A) were higher in the cancer group, while one of them (33) was higher in the healthy group.
The study also found that the interleukins were related to each other in both groups. This research
concluded that the interleukins might help detect colon cancer and predict how it will progress. This
paper could help improve the diagnosis and treatment of colon cancer.

Abstract: This research investigated the serum levels of three interleukins (IL8, IL17A, and IL33) and
the possible relationships between them in healthy people and colon cancer patients at different stages.
This study involved 82 participants, 42 of whom had colon cancer and 40 were healthy individuals.
The cancer patients were classified into four groups according to the TNM staging classification of
colon and rectal cancer. Serum levels of the interleukins were measured by the ELISA test. The data
were analyzed statistically to compare the demographic characteristics, the interleukin levels across
cancer stages, and the correlation between interleukins in both groups. The results showed that
women had more early-stage colon cancer diagnoses, while men had more advanced-stage cancer
diagnoses. Stage two colon cancer was more common in older people. Younger people, men, and
those with early-stage colon cancer had higher levels of interleukins. The levels of IL8 and IL17A
were higher in the cancer group, while the level of IL33 was higher in the healthy group. There was
a strong correlation between IL8 and IL17A levels in both groups (p = 0.001). IL17A influenced the
level of IL33 in the cancer group (p = 0.007). This study suggested that cytokine variation profiles
could be useful for detecting colon cancer and predicting its outcome.

Keywords: colon cancer; interleukins; serum; biomarkers; cancer staging; age; gender; correlations

1. Introduction

Colon cancer is considered to be the main cause of death from gastrointestinal ma-
lignancies [1] and the second most deadly among cancers. Although its incidence has
generally decreased over the last 20 years, it is increasingly present among patients under
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50 years of age [2]. Various studies have shown that countries with the highest HDI score
have a decrease in colon cancer incidence [3]. Diagnosis in the early stages of colon cancer
through biomarker detection is important, as advanced metastasis complicates treatment
and lowers survival rates [4]. Studies of age related to colon cancer progression have
shown low survival rates with increasing age [5]. Although colon cancer is proven to be
genetically determined and influenced by epigenetic factors involving lifestyle such as
smoking, alcohol, lack of activity, presence of polyps, radiation, or advanced age, studies
have shown a higher incidence of colon cancer in urban areas than in rural ones [6]. Overall,
possibilities of screening and high quality treatment are highly associated with higher
income countries [7].

Inflammation is an important risk factor for colon cancer development and proin-
flammatory cytokines can influence colorectal cancer development [8,9]. The NLRP3
inflammasome is a complex of proteins that responds to various signals and triggers the
release of inflammatory cytokines, such as IL-1f3 and IL-18, and the death of cells by pyrop-
tosis, which causes more inflammation [10,11]. The NLRP3 inflammasome is controlled
by different pathways, one of which is the MyD88-dependent pathway, which is activated
by TLRs when they detect PAMPs. This pathway stimulates NF-kB and MAPKSs, which
increase the expression and activity of NLRP3 and pro-IL-1f3 by modifying them [12]. The
NLRP3 inflammasome is involved in many diseases, such as cancer and cardiovascular
diseases. It can have opposite effects on cancer, depending on the type, stage, environment,
and immunity of the tumour. It can either help or hinder colon cancer by affecting inflamma-
tion, blood vessels, invasion, spread, immunity, and cell death [10,11]. It can also influence
the outcome of cancer therapy, such as immune checkpoint inhibitors, by changing the
levels of inflammatory and anti-inflammatory cytokines [12]. A dysfunctional immune
system and aberrant expression of some cytokines can determine colon cancer onset and
progression [13]. Interleukin 8 is an important proinflammatory cytokine upregulated in
different malignancies due to the fact that it is controlled by a nuclear factor (NFkB), which
is activated in cancer and inflammation [14]. Circulating interleukin 8 has been shown to
be a strong prognostic factor for colorectal cancer [15]. A possible tumour-promoting role
of interleukin 8 has been suggested in colon cancer [16], as several studies have shown an
upregulation of IL8 in tumour progression and development of colon cancer [1]. Interleukin
17 a is a member of the Th17 cell subset and has an important role in autoimmunity, cancer,
and inflammation [17]. Interleukin 17A is widely known to be a promoter of colon cancer
initiation and progression [18]. Several studies have shown the involvement of IL 17 in
colorectal cancer metastasis and prognosis and it is strongly associated with poor outcomes
of this malignancy [19]. Studies have also shown high levels of IL17A-producing cells in
patients with poor colorectal carcinoma prognosis [20]. Interleukin 33 is a cytokine of the
IL1 family that is expressed in inflammation and trauma by being released upon tissue
injury as an alarm cell in the immune system [21,22]. IL-1 is an inflammatory cytokine
that affects both colorectal cancer and cardiovascular diseases. It can stimulate tumour
progression and cardiac damage, as well as interfere with cancer therapy. IL-1 inhibitors,
such as canakinumab, are antibodies that prevent IL-1 from binding to its receptor and
lowering inflammation. Canakinumab could benefit colorectal cancer patients, especially
those with cardiovascular problems or who are receiving anticancer drugs. Canakinumab
could protect the heart from toxicity and improve the response to therapy by altering the
tumour and immune environment [23]. It has been shown that IL33 can promote metastasis
of colorectal cancer in mice by being activated by proinflammatory cytokines released in
tumour microenvironments [24]. However, the exact role of IL33 is yet to be determined as
the literature also provides studies that show an antiproliferative effect of this interleukin
and an inhibition of colon cancer growth [25]. Furthermore, IL33 may act as a promoter or
inhibitor of colorectal cancer tumourigenesis depending on the specific cancer subtype [26].

The study of colon cancer has been significantly enriched by the understanding of
the roles of specific interleukins, particularly IL8, IL17A, and IL33. These interleukins
are known to play crucial roles in inflammation and tumour progression [27]. IL17A, for
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instance, is a potent proinflammatory cytokine that contributes significantly to the forma-
tion, growth, and metastasis of a wide range of malignancies, including colon cancer [27].
Similarly, IL33 plays a role in tumour immune escape in cancers via Th2 cells and regulatory
T cells. Given their importance, this paper aims to evaluate possible correlations between
these three interleukins and assess whether these correlations could regulate colon cancer
progression. By doing so, we hope to contribute to the growing body of knowledge on the
pathogenesis of colon cancer and potentially inform future therapeutic strategies.

The purpose of this study was to evaluate IL8, IL17, and IL33 concentrations in healthy
and colon cancer patients and their variation in different stages of this malignancy and to
establish the existence of any correlations between these three interleukins in colon cancer
progression.

2. Materials and Methods
2.1. Study Population

This study was carried out on 42 colon cancer patients who underwent surgery and
40 control subjects scheduled for routine colonoscopy. Cancer patients were divided into
4 groups after being selected from the department of General Surgery of Sibiu University
Hospital over a period of 6 months. Cancer subjects (n = 42, 19 males and 23 females with
ages ranging from 45 to 86 years, with a mean age of 68 years) were divided into 4 groups
according to the TNM staging classification of colon and rectal cancer. The TNM staging
classification of colon and rectal cancer is a system that describes the extent and spread
of the disease based on three factors: T (tumour), N (node), and M (metastasis) [28]. The
tumour (T) factor indicates how far the cancer has grown into the wall of the colon or
rectum, which consists of several layers, from the inner mucosa to the outer serosa. The
node (N) factor reflects whether the cancer has reached nearby lymph nodes, which are
small organs that filter lymph fluid and help fight infections. The metastasis (M) factor
shows whether the cancer has spread to distant organs, such as the liver or lungs, or to the
peritoneum, which is the tissue lining the abdomen. Each factor is assigned a number or
letter to indicate the severity of the cancer, with higher numbers or letters meaning more
advanced disease. For example, T1 means the tumour is confined to the inner layer of the
colon or rectum, while T4b means the tumour has invaded adjacent organs. The TNM
factors are then combined to assign an overall stage, from stage 0 (the earliest stage) to
stage IV (the most advanced stage). The TNM staging system helps doctors determine the
prognosis and treatment options for colorectal cancer patients [29].

The purpose of this study was fully explained to each subject before entering the study
and informed consent was obtained after a complete medical examination. Inclusion criteria
for cancer subjects were colorectal adenocarcinoma with histopathological confirmation
of disease stage, no prior chemo- or radiation therapy, and adequate performance status
of the patient. Exclusion criteria were inflammatory diseases that could have influenced
cytokine serum levels, treatments with effects of immune response (such as chemotherapy,
cortisol, and others), other active infections or malignancies, cardiovascular events over the
last 6 months, and severe organ deficiencies or injuries.

2.2. Collection of Blood Samples

Venous blood samples, from the median cubital vein, were collected from each subject
in 2 mL vacutainer glass tubes for coagulation. Two tubes were collected from each patient.
The samples were centrifuged after clotting for 10 min at 4200 rpm. The obtained blood
serum was place into sterile Eppendorf vials and refrigerated at —80 °C until being assayed.

2.3. Biochemical Analysis

The ELISA kits were purchased from BioLegend (San Diego, CA, USA) and were used
for quantification of the proteins in the blood samples. In the present study, the ELISA kits
used were as follows: LEGEND MAX™ Human IL-33 ELISA Kit (cat.no. 435907), LEGEND
MAX™ Human IL-8 ELISA Kit (cat. no. 431507), and LEGEND MAX™ Human IL-17A
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ELISA Kit (cat.no. 433917). BioLegend’s LEGEND MAX™ ELISA Kits are a sandwich
enzyme-linked immunosorbent assay (ELISA) with a 96-well strip plate that is precoated
with a capture antibody. The kits are specifically designed for the accurate protein quanti-
tation of human IL-33, human IL-17A, and human IL-8 from serum samples used in our
study. Serum levels of IL-33, IL-17A, and IL-8 were determined by ELISA according to
the manufacturer’s instructions (BioLegend, San Diego, CA, USA). Concentrations were
calculated by comparison with standard curves. For more accurate results, by avoiding
interaction between analytes during the testing process, molecules were tested individually
and not by multiplexed analysis. A Biotek Synergy H1 hybrid absorbance microplate reader
was used to perform ELISA testing on interleukins 8, 17A, and 33.

2.4. Statistical Analysis

The statistical analysis of the data collected for the research on serum interleukin 8, 17,
and 33 as potential biomarkers of colon cancer was performed as follows. First, the data
were organised and cleaned using Microsoft Excel, and then imported to Minitab 20 soft-
ware for further analysis. Second, descriptive statistics such as mean, standard deviation,
minimum, maximum, and median were calculated for each variable and presented in a
table. Third, graphical analysis such as boxplots and histograms were used to visualise
the distribution and variation of the data and to identify any outliers or skewness. Fourth,
multiple regression analysis was used to examine the relationship between the serum levels
of interleukin 8, 17, and 33 and the colon cancer status, controlling for other factors such as
age, gender, and stage of the disease. The regression coefficients, standard errors, p-values,
and R-squared were reported and interpreted. Fifth, 2-sample ¢ tests were conducted to
compare the mean values of interleukin 8, 17, and 33 between healthy and cancer patients,
assuming equal variances. The t-statistics, degrees of freedom, p-values, and confidence
intervals were reported and interpreted. The level of significance was set at 0.05 for all tests,
which means that we would reject the null hypothesis if the p-value was less than or equal
to 0.05.

3. Results
3.1. Descriptive Analysis

Gender distribution of colon cancer patients involved in this study shows a slightly
higher incidence of this malignancy in women (see Figure 1).

25 1

23

20

Gender

Figure 1. Gender distribution of colon cancer subjects.

Figure 2 shows that the cancer patients who participated in this study were aged
between 45 and 86 years old and their age distribution passes the normality test, with a
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mean of 68.6, indicating that the highest incidence of colon cancer is observed at the age of
68 years.

Graphical Summary of Age
Summary Report

Distribution of Data
Examine the center, shape, and variability.

Descriptive Statistics

N

Mean

StDev
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25th percentile
Median
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95th percentile
i,

42
68.667
11.255

45

47.15
61.5
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95% Confidence Intervals

Mean (65.159, 72.174)
Median (65, 74.768)
StDev (9.2604, 14.352)
Data in Worksheet Order Normality Test
Investigate any outliers (marked in red).
Decision Pass
P-value 0.386

Figure 2. Age distribution of colon cancer subjects.

We analyzed the distribution of the four cancer stages among the patients who partici-
pated in this study. We found that the distribution followed a normal curve for both gender
(Figure 3a) and age (Figure 3b) variables. This means that the majority of the patients were
in stage 2 or 3, while the minority were in stage 1 or 4. We discuss the implications of this
finding in the next section.

Graphical Summary of Age by Stage
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Figure 3. Colon cancer staging by gender (a) and age (b).

(b)

As shown in Figure 4, the stage of colon cancer was associated with both gender and
age of the patients. Specifically, males had a higher prevalence of stage 2 colon cancer than
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females, and older patients were more likely to have stage 2 colon cancer than younger

patients.
10 -
8 -
=
g
N
2
0 -
Stage
Gender
F EMm
Figure 4. Colon cancer staging by stage and gender.

Interleukin mean concentrations in different age groups show the highest concentra-
tion of IL8 in the 70-79 age group, followed by the 60-69 age group with a slightly lower
concentration. The highest concentration of IL17A and IL33 was in the 60-69 age group of
colon cancer subjects, with significant difference in these IL concentrations between the
60-69 age group and the other age groups (see Figure 5 and Table 1).

w -

Mean(Data)
8

20
0
40-49 50-59 60-69 70-79 80-89 | 40-49 50-59 60-69 70-79 80-89 | 40-49 50-59 60-69 70-79 80-89
IL8 Concentration (pg/ml) IL17A Concentration (pg/ml) IL33 Concentration (pg/ml)
Age group

Figure 5. IL 8, 17, and 33 mean concentration by age groups.
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Table 1. IL 8, 17, and 33 mean concentration, SE, and SD by age groups. * the number of missing
values in each age group.

Variable Age Group N N* Mean MseEan StDev Minimum Q1 Median Q3 Maximum
IL8 Concen-
tration 40-49 3 0 15.85 1.26 2.19 13.78 13.78 15.62 18.14 18.14
(pg/mL)
50-59 6 0 18.87 2.09 5.11 13.78 15.16 16.65 24.82 26.18
60-69 14 0 36.19 6.62 24.75 15.62 21.01 24.70 44.34 95.34
70-79 11 0 37.9 13.6 45.2 13.8 16.3 19.1 46.4 168.6
80-89 8 0 17.51 1.15 3.25 14.93 15.04 16.30 20.50 23.42
IL17A Con-
centration 40-49 3 0 6.073 0.189 0.327 5.801 5.801 5.982 6.436 6.436
(pg/mL)
50-59 6 0 15.69 9.29 22.76 5.80 5.94 6.57 20.84 62.14
60-69 14 0 43.5 11.1 41.6 6.3 7.2 32.0 75.5 126.0
70-79 11 0 28.9 11.7 38.8 6.3 6.4 6.5 73.6 104.8
80-89 8 0 6.957 0.461 1.304 6.254 6.277 6.436 7.138 10.062
IL33 Concen-
tration 40-49 3 0 21.98 717 12.42 10.17 10.17 20.84 34.93 34.93
(pg/mL)
50-59 6 0 32.0 12.8 314 8.1 8.8 24.6 48.8 91.2
60-69 14 0 60.5 14.0 52.4 10.9 25.5 34.5 80.3 186.5
70-79 11 0 39.8 14.0 46.6 6.1 10.0 23.0 44.0 171.9
80-89 8 0 30.16 4.07 11.52 8.22 22.39 32.09 38.14 45.25
Figure 6 and Table 2 illustrate the average levels of the three inflammatory cytokines,
namely IL8, IL17, and IL33, in male and female subjects. The results indicate that males
have significantly higher concentrations of these cytokines than females, suggesting a
gender difference in the immune response to the malignancy.
60 -

51.60

Mean(Data)

IL8 Concentration IL17A Concentration IL33 Concentration

Gender
WF H ™M

Figure 6. Mean concentration of IL 8, 17, and 33 by gender.

As shown in Figure 7, the control group of healthy subjects had significantly lower
interleukin 8 expression, with a mean value of 19.158, compared with the group of cancer
patients, whose mean value was 29.154.
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Table 2. IL 8, 17, and 33 mean concentration, SE, and SD by gender. * the number of missing values
in each age group.

Variable Gender N N* Mean Mse Ean StDev Minimum Q1 Median Q3 Maximum
IL8
Concentration F 23 0 21.07 1.68 8.07 13.78 16.08 17.22 24.37 46.40
(pg/mL)
M 19 0 38.94 8.99 39.20 13.78 15.62 21.59 49.10 168.56
IL17A
Concentration F 23 0 20.06 6.51 31.22 5.80 6.34 6.44 7.34 104.79
(pg/mlL)
M 19 0 33.31 8.71 37.98 5.98 6.53 8.25 59.05 126.00
1L33
Concentration F 23 0 34.90 8.17 39.17 6.13 10.17 23.01 34.68 186.48
(pg/mL)
M 19 0 51.6 10.1 43.8 9.0 27.7 349 64.4 171.9

Graphical Summary of IL8 Concen by Healthy/il
Summary Report

Distribution of Data Data in Worksheet Order
Compare center, shape, and variability. nvestigate any outliers (marked in red).
cancer cancer
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cancer 42 29.154 (20.391, 37.916) 28.119 (23.136, 35.856) 13.779 19.175 168.56 <0.005 Fail
healthy 40 19.158 (18.052, 20.264) 3.4581 (2.8328, 4.4404) 14.238 18371 28476  0.032 Fail

Figure 7. Mean concentration of IL8 in healthy and cancer patients.

One of the factors that distinguishes cancer patients from healthy individuals is the
level of IL17A in their blood. Figure 8 shows the mean IL17A concentration for both
groups, measured in pg/mL. The cancer group had a significantly higher mean value of
26.053 pg/mL, indicating an elevated inflammatory state. The control group, composed of
healthy participants, had a much lower mean value of 7.095 pg/mL, suggesting a normal
immune function.

In this study, we measured the concentration of IL33 in the serum of cancer patients
and healthy controls. We found a significant difference between the two groups, with
healthy controls having a higher mean concentration of IL33 (121.40 pg/mL) than cancer
patients (42.47 pg/mL). This difference is shown in Figure 9, which displays the distribution
of IL33 levels in both groups.



Figure 9. Mean concentration of IL33 in healthy and cancer patients.
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Figure 8. Mean concentration of IL17A in healthy and cancer patients.
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The levels of interleukin 8 (IL8) and interleukin 17A (IL17A) were measured in the
serum samples of cancer patients and healthy individuals. The results showed that cancer
patients had significantly higher concentrations of IL8 and IL17A than the control group,
indicating a proinflammatory state associated with the tumour stage. On the other hand,
the concentration of interleukin 33 (IL33) was higher in the healthy group than in the cancer
group, suggesting a protective role of this cytokine against cancer development. These
findings are illustrated in Figure 10 and presented in Tables 3 and 4.

200
150 ]
=
®
S 100
<
7
=
50
0
cancer healthy cancer healthy cancer healthy
IL8 Concentration (pg/ml) IL17A Concentration (pg/ml) IL33 Concentration (pg/ml)
Healthyyill
Age group
W 40-49 M 5059 60-69 M 70-79 80-89
Figure 10. Mean concentrations of IL8, 17A, and 33 in healthy and colon cancer staging.
Table 3. IL 8, 17, and 33 mean concentration, SE, and SD by age group for cancer patients. * the
number of missing values in each group.
. Age SE .. . .
Variable N N* Mean StDev Minimum Q1 Median Q3 Maximum
Group Mean
IL8
Concentration 40-49 3 0 15.85 1.26 2.19 13.78 13.78 15.62 18.14 18.14
(pg/mL)
50-59 6 0 18.87 2.09 5.11 13.78 15.16 16.65 24.82 26.18
60-69 14 0 36.19 6.62 24.75 15.62 21.01 24.70 44.34 95.34
70-79 11 0 37.9 13.6 45.2 13.8 16.3 19.1 46.4 168.6
80-89 8 0 17.51 1.15 3.25 14.93 15.04 16.30 20.50 23.42
IL17A
Concentration 40-49 3 0 6.073 0.189 0.327 5.801 5.801 5.982 6.436 6.436
(pg/mlL)
50-59 6 0 15.69 9.29 22.76 5.80 5.94 6.57 20.84 62.14
60-69 14 0 43.5 11.1 41.6 6.3 7.2 32.0 75.5 126.0
70-79 11 0 28.9 11.7 38.8 6.3 6.4 6.5 73.6 104.8
80-89 8 0 6.957 0.461 1.304 6.254 6.277 6.436 7.138 10.062
IL33
Concentration 4049 3 0 21.98 7.17 12.42 10.17 10.17 20.84 34.93 34.93
(pg/mlL)
50-59 6 0 32.0 12.8 314 8.1 8.8 24.6 48.8 91.2
60-69 14 0 60.5 14.0 52.4 10.9 255 34.5 80.3 186.5
70-79 11 0 39.8 14.0 46.6 6.1 10.0 23.0 440 1719
80-89 8 0 30.16 4.07 11.52 8.22 22.39 32.09 38.14 45.25
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Table 4. IL 8, 17, and 33 mean concentration, SE, and SD by age group for healthy patients. * the

number of missing values in each group.

Variable Age N N* Mean SE StDev Minimum Q1 Median Q3 Maximum
Group Mean
L8
Concentration 4049 2 0 22.73 2.53 3.57 20.21 * 22.73 * 25.26
(pg/mL)
50-59 14 0 18.70 1.07 4.00 14.24 15.39 17.45 20.67 27.56
60-69 8 0 19.606 0.989 2.796 15.616 17.166 19.520 22.448 23.194
70-79 9 0 19.93 1.31 3.94 15.62 17.22 18.60 22.39 28.48
80-89 7 0 17.551 0.549 1.452 15.386 16.305 17.912 19.060 19.290
IL17A
Concentration 40-49 2 0 7.750 0.408 0.577 7.342 * 7.750 * 8.158
(pg/mL)
50-59 14 0 7.232 0.275 1.030 6.073 6.640 6.844 8.068 9.337
60-69 8 0 7.127 0.255 0.720 6.073 6.730 6.934 7.864 8.249
70-79 9 0 6.859 0.113 0.339 6.436 6.617 6.798 6.980 7.614
80-89 7 0 6.902 0.200 0.530 5.982 6.526 6.889 7.433 7.524
1L33
Concentration 40-49 2 0 17.848 0.755 1.068 17.093 * 17.848 * 18.603
(pg/mL)
50-59 14 0 149.6 86.9 325.2 6.0 7.7 24.6 104.4 1217.1
60-69 8 0 144 116 327 7 12 23 71 951
70-79 9 0 52.6 27.2 81.7 6.7 10.5 20.7 56.6 262.8
80-89 7 0 158 144 380 7 7 9 35 1019

As shown in Figure 11, the levels of IL8 and IL33 are elevated in the early stages of colon
cancer, with the highest values observed in stage 1 and stage 2, respectively. On the other
hand, IL17A exhibits a peak in stage 2, followed by a significant decrease in stage 3 and 4.

60 -

S0 A

30 4

Mean(Data)

20

2 3
IL8 Concentration (pg/ml)

2

Stage

IL17A Concentration (pg/ml)

48.4

IL33 Concentration (pg/ml)

3

Figure 11. Mean concentration of IL8, 17, and 33 in different stages of colon cancer.

3.2. Correlations between Interleukins for Healthy and Cancer Subjects

Figure 12 shows there is a significant association between IL8 and IL17A levels in both
healthy and cancer groups (p = 0.001), indicating that IL. 17A may have an effect on IL8. However,
no association is observed between IL8 and IL33 levels in either healthy or cancer patients.

The presence of a statistically significant linear correlation between IL8 and IL17A
is not observed. However, a quadratic correlation exists between these two interleukins
in both healthy individuals and cancer patients. In particular, IL8 and IL17A exhibit a
positive correlation up to a concentration of 75 pg/mL of IL17A, beyond which a negative
correlation is observed (see Figure 13).
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Figure 12. Influence of IL8 on IL17A and IL33 in healthy and cancer subjects.
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Figure 13. Correlation between IL8 and IL17 in healthy and colon cancer patients.

We aimed to investigate the relationship between IL17A levels and IL8 and IL33 and
the health status of the patients. The data showed a strong positive association between
IL17A and IL8 (p < 0.001), implying that IL8 may regulate IL17A production. Furthermore,
we found that the health status of the patients affected IL17A levels, as depicted in Figure 14.
On the other hand, there was no evidence of any link between IL17A and IL33, suggesting
that IL33 does not modulate IL17A in any manner. We measured the concentrations of
these three interleukins in both healthy individuals and cancer patients.
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Figure 14. Influence of IL17A on IL8 and IL33 in healthy and cancer subjects.

As shown in Figure 15, the relationship between interleukin 17A and IL8 varies
depending on the health status of the patients. In cancer patients, there is a weak quadratic
correlation between the two interleukins, suggesting that IL8 may have a complex effect on
interleukin 17A production. In contrast, in healthy patients, we found a negative correlation
between IL8 and interleukin 174, indicating that higher levels of IL8 are associated with
lower levels of interleukin 17A. Moreover, we observed that cancer patients had higher
interleukin 17A levels than healthy patients.
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Figure 15. Correlation between IL8 and IL17A.
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Our study revealed a significant association between IL17A levels and health status.
The median IL17A level in healthy participants was 7.09 pg/mL, whereas the median
level in cancer patients was 26.05 pg/mL, indicating that IL17A is a marker of cancer risk
(see Figure 16). We performed a 2-sample f test to compare the two groups and found a
statistically significant difference (p < 0.001), as shown in Figure 17.

Multiple Regression for IL17A Concen
Prediction and Optimization Report

Main Effects Plot for Healthy/ill
Compare the means and intervals.

cancer Level N Mean 95% ClI for Mean

cancer 42 26.053 (18.4, 33.7)

healthy 40 7.0952 (-0.713, 14.9)
=
>
£
©
o
T

healthy
0 10 20 30

IL17A Concen

Figure 16. Correlation between IL17 concentration and health status of subjects.
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——
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L}
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Figure 17. 2-sample ¢ test for IL17A by the health status of subjects.
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3.3. Interleukin Correlation in Cancer Patients

Figure 18 shows a weak positive relationship between IL8 and IL17A levels in cancer
patients. This means that as IL8 increases, IL17A also tends to increase. The correlation
coefficient is 0.28, which is close to zero, indicating a weak linear correlation. The p-value is
0.070, which is greater than the significance level of 0.05, meaning that the correlation is
not statistically significant. Therefore, we cannot reject the null hypothesis that there is no
linear correlation between IL8 and IL17A in cancer patients.

Regression for IL8 Concentration (pg/ml) vs IL17A Concentration (pg/ml)
Y: IL& Concentration (pg/ml) Summary Report
X: IL17A Concentration (pg/ml)

Fitted Line Plot for Linear Model
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= e o
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Correlation between Y and X Concentration (pg/ml), or find the settings for IL17A
-1 0 1 Concentration (pg/ml) that correspond to a desired value or
Perfect Negative No correlation Perfect Positive range of values for IL8 Concentration (pg/ml)
[ - A statistically significant relationship does not imply that X
028 causes Y.

The correlation between IL8 Concentration (pg/ml) and IL17A
Concentration (pg/ml) is not statistically significant (p > 0.05).

Figure 18. Correlation between IL8 and IL17A in cancer patients.

Our analysis did not reveal any significant associations between the levels of IL8
and IL33 in cancer patients. The correlation coefficient was —0.02, indicating a very weak
negative correlation, and the p-value was 0.892, indicating a high probability of obtaining
such results by chance. Therefore, we cannot infer any causal or functional relationship
between the two interleukins based on our data (see Figure 19 for details).

We demonstrated a statistically significant quadratic correlation between IL17A and
IL33 (p = 0.007 < 0.05) in cancer patients, which means that, for IL33 concentrations below
100 pg/mL, IL17A concentration increases and as the IL33 concentration increases above
this level, the IL17A concentration drops, as indicated in Figure 20.
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Regression for IL8 Concentration (pg/ml) vs IL33 Concentration (pg/ml)
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Figure 19. Correlation between IL8 and IL33 in cancer patients.

Regression for IL17A Concentration (pg/ml) vs IL33 Concentration (pg/ml)
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Figure 20. Correlation between IL17A and IL33 in cancer patients.

3.4. Correlations between Interleukins in Different Cancer Stages

We observed statistically significant correlations between IL17A and IL8 in different
stages of colon cancer (p < 0.001), as depicted in Figure 21.
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Figure 21. Correlation between IL17A and IL8 in different stages of colon cancer.

The levels of IL17A and IL8, two cytokines involved in inflammation, vary across the
four stages of colon cancer. The relationship between these two cytokines can be described
by a quadratic function for each stage of the disease. As shown in Figure 22, the patients
with stage 1 and 2 colon cancer have higher amounts of IL17A than those with stage 3 and
4. Moreover, IL17A and IL8 are positively correlated when IL8 is below 100 pg/mL, but

they become negatively correlated when IL8 exceeds this threshold.

Multiple Regression for IL17A Concen

Model Equations Report

X1:1L8 Concentr X2: Stage

100

IL17

50

Figure 22. Correlation between IL17A and IL8 in the 4 stages of colon cancer.

As shown in Figures 23 and 24, there is no evidence of any significant association

between the levels of IL 8 and IL33 and the stage of cancer in the patients.
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Regression for IL8 Concentration (pg/ml) vs Stage
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Figure 23. Correlation between IL8 and cancer staging.

Regression for IL33 Concentration (pg/ml) vs Stage
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Figure 24. Correlation between IL33 and cancer staging.
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4. Discussion

Several studies have acknowledged the fact that cytokines from the tumour environ-
ment are involved in colon cancer progression as well as metastasis and that inflammation
and cancer development are interdependent [30,31]. The main purpose of this study was to
evaluate serum concentration of IL8, 17A, and IL33 and to establish correlations among
these interleukins in different stages of colon cancer.

Colorectal cancer incidence varies throughout the world between different age groups,
genders, and regions [32]. However, incidence of this malignancy in 50-year-old patients
has been increasing over the past decade [33]. Up to one quarter of all patients already have
metastatic disease at the time of diagnosis [34]. That is why early diagnosis and treatment
is important for a better outcome of this disease. In our study, descriptive analysis showed
associations between cancer staging, gender, and age. Our study showed that the peak
in colon cancer incidence was at 68 years of age in a group of patients between 42 and
86 years. Studies show that the average age of colorectal cancer onset declined in the
last 25 years from 67 to 61 years [35]. However, there is a low risk of developing colon
cancer after 75 years of age if prior colonoscopies have been negative [36]. More female
patients were diagnosed with stage 1 colon cancer, while men presented stage 2 and 3 colon
cancer in this study. The stage 4 colon cancer group contained only men, emphasising
that colon cancer is diagnosed later in men than women. Studies show higher mortality
and lower 5-year survival rates in women over 65 years of age [37] and that women with
colorectal cancer are 20% fewer than men [38]. It has been shown that younger women
with metastatic disease have better survival rates than men of the same age, whereas older
women have lower survival rates than older men with metastatic disease [39]. Overall,
colon cancer incidence is significantly higher among men than women [40—42]. Correlations
between stage and age showed that stage 1 and 3 colon cancer was more frequent in the
60-69 age group, while stage 2 cancer appeared in older patients. Most patients have
been diagnosed with stage 2 cancer in our study. Studies also show an increase in stage
1 and 2 cancer rates, a decrease in stage 4 cancer rates [43], and a high incidence of
stage 2 cancer in the elderly (70-79 years of age) [44]. Overall, our study showed that
age and gender do not significantly influence colon cancer progression, as we did not
find important correlations between colon cancer staging, age, or gender. Concerning
interleukin concentrations, the highest for IL17A and IL33 was in the 60-69 age group,
decreasing afterwards, while IL8’s highest concentration was between 60 and 79 years
of age. Interleukin concentration was overall low in older age groups. Other studies
have also shown a decrease in serum concentrations of interleukins, demonstrating a
deterioration of the anti-inflammatory response associated with aging [45]. Although our
study included more women than men, serum cytokine concentrations were significantly
higher in the latter group, sustaining the literature data that the proinflammatory cytokine
response is enhanced in men compared with women [46]. However, an important finding
in our study is that interleukin concentrations are the highest in early stages of colon
cancer, stating that inflammatory cytokines may count as biomarkers of early cancer stages,
directly linking inflammation to cancer. It has been suggested by other studies that systemic
inflammation might be linked to early development of colorectal cancer [47]. Also, high
circulating proinflammatory cytokine levels in older patients with neoplasms may predict
early mortality [48]. In our study, IL8 and IL17A were found to be higher in the cancer
group, while IL33 concentration was higher in the control group, reinforcing the fact that
inflammatory cytokines and colon cancer are correlated. The association between IL8 and
17A in colon cancer has already been investigated [15,49], but the role of IL33 in colon
cancer still needs to be determined [50]. A correlation between IL33 and colorectal cancer
progression has already been suggested [51].

Concerning interleukin correlations in healthy and cancer patients, we observed a
statistically significant interdependence between IL8 and IL17A (p = 0.001) in the two
groups, one strongly influencing the other’s response. As far as we know, this is the first
study to investigate circulating IL8 and IL17A correlations in colon cancer. We found no
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statistically significant correlation between IL8 and IL33 or IL17A and IL33 between the
control and cancer groups. In cancer patients, we observed a weaker correlation between
IL8 and IL17A; however, there is a square correlation to be noticed between IL17A and IL33
(this study leaning to a direct response of circulating IL33 to IL17A variations in colon cancer
development). We also observed a correlation between IL8 and IL17A, one determining the
other’s response, in different stages of colon cancer, but no other correlations have been
observed between other interleukins in the four stages of this malignancy.

5. Conclusions

This study aimed to evaluate the serum levels of IL8, IL17A, and IL33 and their
correlations with different stages of colon cancer. The results showed that these cytokines,
which are involved in inflammation and cancer development, were higher in the early
stages of the disease, suggesting their potential as biomarkers for early detection and
prognosis. The results also revealed that age and gender influenced the cytokine levels,
with men having higher levels than women and older age groups having lower levels
than younger ones. These findings are consistent with previous studies that have reported
gender and age differences in colorectal cancer incidence, survival, and inflammatory
response. This study contributes to the existing knowledge on the role of cytokines in colon
cancer and provides insights for future research and clinical practice.

High levels of proinflammatory cytokines IL8 and 17A may count as biomarkers in
early colon cancer stages, linking inflammation to neoplasia. Interleukin 8 and 17A and
their associated expression levels may serve as predictive biomarkers of colorectal cancer.
Larger groups of patients will be needed in order to confirm these hypotheses.

This study revealed the associations between serum levels of IL8, IL17A, and IL33 and
colon cancer stages, as well as the correlations between these interleukins in healthy and
cancer groups. However, the underlying mechanisms of how these interleukins regulate
colon cancer progression and prognosis remain unclear. Therefore, future studies should
consider measuring the mRNA levels of these interleukins in the same patient groups
to correlate the mRNA expression and the protein levels of the ILs. This could provide
more insights into the transcriptional and post-transcriptional regulation of these cytokines
in colon cancer. Moreover, future studies should also investigate the functional roles of
these interleukins in colon cancer cells and the tumour microenvironment, such as their
effects on cell proliferation, apoptosis, invasion, angiogenesis, and immune response. This
could elucidate the molecular pathways and targets of these cytokines in colon cancer
development and therapy. Additionally, future studies should explore the potential of
these interleukins as biomarkers or therapeutic agents for colon cancer, by validating their
diagnostic and prognostic value, as well as their efficacy and safety in clinical trials. This
could facilitate the early detection and personalised treatment of colon cancer.

6. Study Limitations

This study has some limitations that should be acknowledged. First, the sample
size of 82 participants may not be sufficient to capture the full diversity and complexity
of the population of interest. However, the sample size was determined by a power
analysis based on previous studies and was adequate to detect significant differences and
correlations between the groups [52]. Second, this study only measured the serum levels
of the interleukins and did not examine their mRNA expression or their functional roles
in colon cancer cells and the tumour microenvironment [53]. Therefore, this study could
not explain the underlying mechanisms of how these interleukins regulate colon cancer
progression and prognosis. Third, this study used the ELISA test to measure the serum
levels of the interleukins, which may have some measurement errors or variability. The
ELISA test is a widely used and validated method, but it may not be the most accurate or
sensitive technique to quantify the cytokines [54]. Fourth, this study did not control for
potential confounding variables that may affect the serum levels of the interleukins, such
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as age, gender, lifestyle, medication, comorbidities, and inflammation [55]. These factors
may influence the results and limit the generalisability of the findings.
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