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Abstract 

 Colorectal cancer (CRC) is considered as the fourth prevalent reason of cancer deaths. Interleukin 10 (IL10) and interleukin 
17A (IL-17A) act as anti-inflammatory and pro-inflammatory cytokines, respectively, both being able to exert antitumor or 
pro-tumor roles in cancer. Serum levels for IL-10, IL-17A, and calcitriol were measured by ELISA. The CRC patient sample 
(n =90) consisted of newly diagnosed, before surgery, and after surgery groups, the results of which were compared with 
those of healthy subjects (n=30). IL-10 levels demonstrated significantly lower (P<0.001), significantly higher (P<0.001), 
and insignificant differences in the three groups, respectively, as compared to the control. Serum IL-17A levels were 
significantly higher (P<0.001) in all patient groups compared with healthy subjects, whereas calcitriol levels were 
significantly lower in most patients. In conclusion,low levels of IL-10 found in CRC patients at diagnosis could be used as a 
diagnostic marker for the disease. However, chemo-radiotherapy caused an increase in the levels of this cytokine, which 
were restored to normal following surgical intervention. In addition, a contribution of serum calcitriol in changing the levels 
of IL-10 in CRC patients was observed. High levels of IL-17A, regardless of patient group, indicated a strong association 
with CRC. 
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1. Introduction 

CRC is considered as a malignant neoplasm resulting 
from the transformation of the epithelial cells lining the 
large intestine into malignant cells, where adenocarcinoma 
grows from the adenomatous polyps (Ahuja and Nettles, 
2014).CRC accounts for around 608,000 deaths 
worldwide, being the fourth prevalent reason of cancer 
deaths, with an overall contribution of 8%. Despite 
remarkable development in clinical protocols, about 50% 
and 95%of CRC patients have still been reported to die in 
stages III and IV, respectively (Heitman et al., 2009).A 
number of factors are possibly associated with higher 
susceptibility to CRC development, including exposure to 
chemical and physical carcinogens (Ahuja and Nettles 
2014) as well as beingpositive for rhesus factor (Alqudah 
et al., 2018).The treatment of CRC patients depends on 
several factors, including the stage of the disease; during 
stage I, approximately 95% of the patients are curable by 
surgical intervention, whereas this proportion declines to 
65-80% in Stage II. In stages III and IV, more than one 
type of treatment is applied before surgical removal, such 
aschemo-radiotherapy (Ahuja and Nettles, 2014).  

Some proteins secreted by immune cells are known to 
serve as biomarkers in cancer (Youssry et al., 2019). IL-10 
is defined as an immunosuppressive protein that is 
produced in response to inflammatory adaptive and innate 
immune responses.IL-10 acts as a feedback regulator by 
preventing the production of cytokines by T 
cell/macrophages and inhibiting their antigen presenting 
capacity (Mittal and Roche, 2015).This cytokine is 
produced by T helper 1 (Th1), T helper 2 (Th2), and T 
regulatory (T-reg) cells, but also by macrophages and 
monocytes (Tayloret al., 2006). In addition, T helper 17 
(Th17) cells can control immune responses negatively by 
secreting some immunosuppressive factors,e.g.IL-10, and 
hence called non-pathogenic Th17cells (Wu et al., 2018). 
IL-10 can suppress the response of both pro-inflammatory 
Th17 cytokines and macrophages by inhibiting certain 
inflammatory cytokines, such as IL-6 and IL-12. IL-10 
deficiency leads to the stimulation of inflammatory 
responses, including the possibility of spontaneous tumor 
development in humans (Oft, 2014).  

Several lines of evidence suggested the potential use 
ofIL-10 as a prognostic factor in CRC. High levels of IL-
10 are associated with poor prognosis in CRC patients (Li 
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,2019). An earlier study also reported a decreased serum 
IL-10 level in these patients (Abtahi, 2017). 

IL-17A isanotherprotein that isproducedby Th17 cells. 
Previously reported evidence suggested a dual role for IL-
17 in cancer. It can act as an antitumor cytokine by 
promoting cytotoxic T cell responses, leading to regression 
of the tumor. In contrast, it can encourage angiogenesis 
and migration of cancer cells (Murugaiyan and Saha, 
2009). The anti-tumor activity of IL-17 is mediated by 
decreasing IL-10 and IL-13 levels, along withincreasing 
those of other interleukins, such as IL-6 and IL-12 (Razi et 
al., 2019). 

IL-17A is produced by the epithelial cells in CRC 
patients, where it is inversely correlated with the 
expression of p53.IL-17 was also suggested as a valuable 
serum marker for CRC development (Radosavljevic et al., 
2010). 

Calcitriol (1α,25-dihydroxy vitamin D3) can be 
classified as a seco-steroid hormone. Vitamin D3 in 
humans is converted to calcitriol as an active 
final vitamin D3 metabolism product (Feldman et al., 
2018). Several studies indicated that the normal range of 
serum calcitriol fluctuates with different stages of age, 
having values of 18-64, 18-78, and 25-45 pg/mL in serum 
samples tested from elder males, elder females, and 
younger adults, respectively (Reynoldset al., 2016; Weil et 
al., 2018). The endocrine system for calcitriol was first 
discovered in animals, where the decreased calcium level 
in serum was demonstrated to cause an increased calcitriol 
production(Feldman et al., 2018).Calcitriol relationship 
with CRC has been investigated but with controvery in the 
reported results.For example, an earlier study found that 
calcitriol level in serum decreases as the CRC stages 
progress (Niv et al., 1999),while another report showed no 
association between calcitriol and CRC development (Lee 
et al., 2011). Calcitriol affects certain inflammatory 
processes that are known to be responsible for the 
development of cancer, including the expression of IL1β, 
IL6, and IL17 cytokines, as well as the activity of 
cyclooxygenase 2 enzyme (Van Harten-Gerritsen et al., 
2015). Also, calcitriol can enhance the expression of IL-10 
by T cells (Heine et al., 2008). 

Overall, the previously published data about the 
possible associations between CRC development and the 
levels of IL-10, IL-17A, or calcitriol are either 
controversial or insufficient. Therefore,conducting this 
study was necessaryto clarify the relationship between the 
changes in serum IL-10, IL-17A, and calcitriol levels and 
status of CRC patientsin terms of chemo-radiotherapy and 
surgical intervention.  It is also equally essential to seek 
the possibility of using these parameters as diagnostic 
markers for CRC development and to find the 
potentialinterrelationship among these chemical mediators. 

2. Materials and Methods 

The present study included 90 patients with primary 
colorectal adenocarcinoma of various disease and 
treatment stages (44females and 46 males, age range 28-62 
years), along with30 healthy subjects (14females and 
16males, age range 27-63 years). Tumor lymph node 
metastasis-based classification was applied for the staging 
of the patients. Three groups of equal numbers of CRC 
patients (n=30) were involved in this study. First, the 

newly diagnosed group of patients who were not subjected 
to treatments and surgical intervention, involving all 
disease stages. Second, the before surgery group of 
patients who were subjected to chemo-radiotherapy, 
involving stages III, and IV. Third, the after surgery group 
of patients who were not subjected to any type of cancer 
treatment before and after the surgery, involving stages I 
and II. Patients with kidney failure, heart disease, diabetes, 
family history, chronic digestive problems, intestinal 
polyposis, smoking habit, and alcoholism were excluded 
from the study. Patients were diagnosed by medical 
consultant doctors. Permissions were obtained from the 
medical city hospitals in Baghdad, Iraq, and approved by 
the University of Technology's institutional ethical 
committee, Baghdad, Iraq (Ref. No. AS 1811-12-9- 2018) 
in accordance with the Helsinki Declaration of 1975 
revised in 2000. All participants were informed about the 
study design and objectives and signed an informed 
consent before the collection of any data or samples. Table 
1 lists the disease-related characteristics of the study 
participants. 
Table 1. Disease characteristics of CRC patients involved in the 
present study, with number of cases based on stage, grade, and 
tumor location. 

TNM stage Case (n) Tumor location Case (n) 

Stage I 23 Cecum 4 
Stage II 23 Ascending colon 11 
Stage III 22 Hepatic flexure 5 
Stage IV 22 Transverse colon 8 
 Splenic flexure 6 
Grade Case (n) Descending colon 15 
Grade1 20 Sigmoid colon 12 
Grade 2 58 Recto-sigmoid junction 10 
Grade3 12 Rectum 19 

Blood specimens were collected from CRC patients 
and healthy subjects then separated by centrifugation. 
Serum samples were stored at -40º C until analysis. 
Sandwich Enzyme linked immunosorbent assay (ELISA) 
kits were used to measure the serum levels of calcitriol 
(MyBioSource-U.S.A), IL-10, and IL- 17A (Elabscience-
U.S.A). The method is based on the concept of the binding 
of the antigen (e.g., proteins or hormones) to its specific 
antibody, which allows its detection in a fluid sample with 
very small quantities (Gan and Patel, 2013). 

3. Statistical Analysis 

Data were analyzed using the software package IBM 
SPSS Statistics version 24 for Windows 10. 
Parameterswere normally distributed and the results were 
shown as mean ±SD. Differences between the groups were 
tested by means of one-way ANOVA test and independent 
t-test. Correlations were analyzed by Pearson's correlation 
coefficient. The receiving operating characteristic (ROC) 
curve was used to find cutoff values and the area under the 
curve (AUC). Data were considered significant at P < 
0.05. 

4. Results 

All CRC patients were divided into groups depending 
on sex (female and male) and age (≤50 and >50 years). 
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Serum levels of IL10, IL17A, and calcitriol showed no 
significant differences for sex and age when these groups 
were compared to each other .The results demonstrated 
that serum levels of IL-10, IL17A, and calcitriol were 

significantly higher (P <0.001) in the before surgery group 
as compared to the newly diagnosed group, as shown in 
Table 2. 

Table 2: Serum levels of IL-10, IL-17A and Calcitriol in CRC patients in terms of sex and age for all patient (n=90) and in terms of 
exposure to therapy (Chemo-radiotherapy) for 60 patients without tumor removal. 

Group 
 

Case (n) IL-10 (Mean±SD) 
pg/mL 

p value IL-17A (Mean±SD) 
pg/mL 

p value Calcitriol (Mean±SD) 
pg/mL 

p value 

Sex 
Female  
Male  

 
44 
46 

 
18.02±3.35 
19.62±2.22 

 
>0.05 

 
77.18±11.55 
85.09±10.34 

 
>0.05 

 
56.21±7.66 
52.79±6.09 

 
>0.05 

Age 
≤50  
>50  

 
47 
43 

 
17.90±3.77 
19.76±3.87 

 
>0.05 

 
82.07±3.12 
80.19±2.24 

 
>0.05 

 
55.33±5.30 
53.69±4.55 

 
>0.05 

Therapy* 
Without 
With 

 
30 
30 

 
11.02±2.98 
28.12±3.70 

 
<0.001 

 
71.61±12.15 
85.14±9.87 

 
<0.001 

 
48.85±5.57 
55.99±4.98 

 
<0.001 

* Only 60 CRC patients: Newly diagnosed group (n=30, no chemo-radiotherapy), before surgery group (n=30, neoadjuvant chemo-
radiotherapy). 

The results also showed that IL-10 levels were 
significantly lower in the serum of the newly diagnosed 
group (11.02±2.98 pg/mL, P<0.001), but significantly 
higher in the before surgery group (28.12±3.70 pg/mL, 
P<0.001) as compared to healthy subjects (17.41±3.20 
pg/mL). However, no significant difference was observed 
between the after surgery group (17.33±3.37 pg/mL) and 
healthy subjects, as shown in Figure 1-A) 

The results also revealed that serum IL-17A levels in 
the newly diagnosed,before surgery, and after surgery 
groups were significantly higher (71.61±12.15, 

85.14±9.87, and 86.67±6.84 pg/mL, respectively) as 
compared to those in healthy subjects (27.77±5.35 pg/mL, 
P <0.001), as shown in Figure 1-B. 

Calcitriol levels in the sera of the newly diagnosed and 
before surgery groups (48.85±5.57 and 55.99±4.98 pg/mL, 
respectively) were significantly lower compared to those 
in the healthy subjects (60.04 ±3.10 pg/mL; P<0.001 and P 
<0.05, respectively). No significant difference was found 
between healthy subjects and after surgery group (60.04 
±4.87 pg/mL vs 58.66 ±5.91 pg/mL, P>0.05), as shown in 
Figure 1-C. 

          
(A)                                                                                        (B) 

 
(C) 

Figure 1: Levels of IL-10, IL-17A, and calcitriol in serum samples of healthy subject and CRC patient groups;(A)IL-10 levels in the newly 
diagnosed group was significantly lower while in the before surgery group was significantly higher as compared to healthy subject. No 
significant difference was found between the after surgery and healthy subject groups. * P< 0.001, N.S: Non-significant. (B)IL-17A  levels 
in all CRC patient groups.The level was significantly higher as compared to healthy subjects. * P< 0.001.(C)Calcitriol levels in the newly 
diagnosed group and before surgery group was significant lower as compared to healthy subject. No significant difference was found 
between after surgery group and healthy subjects. * P< 0.05, ** P< 0.001, N.S: Non-significant. 
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Analysis of the ROC curve was used for testing the 
possibility of using IL-10, IL-17A, and calcitriol levels in 
the serum to diagnose CRC disease in the newly diagnosed 
patient group. The results showed that, for IL-10, AUC 
value was 0.93, the 95%-confidence interval (CI) was from 
0.87 to 0.99 at P<0.001, and Cutoff value was 14.39 
pg/mL, calculated at maximum sensitivity and specificity 
(87% and 90%, respectively). For IL-17A, the results 

showed an AUC value of 0.82, CI of0.67 to 0.97 at P 
<0.001, and Cutoff value of 67.18 pg/mL, calculated at 
maximum sensitivity and specificity (68% and 85%, 
respectively). Regarding calcitriol, the result showed an 
AUC of 0.80, CI of 0.64 to 0.98 at P<0.001, and Cutoff 
value of 53.14 pg/mL, calculated at maximum sensitivity 
and specificity (82% and 69.7% respectively), as shown in 
Figure 2. 

                             (A)                                                        (B)                                                                 (C) 
Figure 2: ROC curve for IL-10 (A) , IL17A (B), and calcitriol (C) ; low levels of IL-10 and acalcitriol , also high levels of IL-17A, can give 
an indication for the presence of CRC and hence they can be used as diagnostic markers.Only one significant positive correlation was found, 
which was between serum levels of IL-10 and calcitriol (r =0.71; P<0.001),as shown in Figure 3, whereas correlations between levels of IL-
17A and both IL-10 and calcitriol were non-significant, for all CRC patient groups. In the healthy subjects, all correlations between these 
parameters were non-significant. As shown in (Table 3),levels of IL-10, calcitriol and IL-17A showed non-significant correlations with the 
values of body mass index (BMI)of healthy subjects (18.6-24.2 kg/mP

2
P) and patients (18.3-24.8 kg/mP

2
P).In addition, significant correlations 

between the serum levels of these chemical mediators and age were absent, as shown in Table 4.

Figure 3: Significantly positive correlation between IL-10 and 
calcitriol in the serumof CRC patients. 
Table 3. Correlations between parameters in serum for CRC 
patients and Healthy subjects 

Correlation between CRC Patients 

r (p value) 

Healthy subjects 

r (p value) 

IL-10 and Calcitriol 0.70 (<0.001) 0.45 (>0.05)   

IL-10 and IL-17A 0.41 (>0.05)   0.05 (>0.05)   

IL-17A and Calcitriol 0.02 (>0.05)    -0.34 (>0.05)     

Table 4. Correlations between both BMI and age with the tested 
parameters in sera of patients and Healthy subjects 

Correlation between 
CRC Patients 

r (p value) 

Healthy subjects 

r (p value) 

IL-10 and Age 0.28 (>0.05)     0.36 (>0.05)     

IL-17A and Age -0.05 (>0.05)     -0.33 (>0.05)     

Calcitriol and Age 0.05 (>0.05)     -0.02 (>0.05)     

IL-10 and BMI 0.18 (>0.05)     -0.04 (>0.05)     

IL-17A and BMI -0.03 (>0.05)     -0.27 (>0.05)     

Calcitriol and BMI 0.21 (>0.05)     0.06 (>0.05)     

5. Discussion 

Colorectal cancer patients’ groups showed no 
significant differences in terms of age and BMI, which 
excludes the effects of these two factors on the studied 
parameters. (Table 2, 4). Also, the levels of IL-10, IL-17A, 
and calcitriol measured in the sera of CRC patients in the 
present study confirm the results obtianed by other 
research groups in various populations (Abtahi, 2017, Niv 
et al., 1999, Di Caro et al., 2016, Karabulut et al.,2016). 

Levels of IL-10 in CRC patient groups involved in this 
study revealed differences from those in healthy subjects 
(Figure 1-A). IL-10 levels were significantly lower in the 
newly diagnosed group. IL-10, cyclooxygenase 2 (COX-
2), and Interleukin 1ꞵ (IL-1ꞵ) are known to be involved in 
the same pathway. IL-1ꞵ was reportedto induce COX-2 
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synthesis through the activation of the nuclear factor κB 
(NF-κB), while IL-10 was reportedto block the induction 
of IL-1ꞵ to activate NF-κB in epithelial cells of the 
intestine (Al-Ashy et al., 2006, Andersen et al., 2013). 
COX-2 is an enzyme that increases prostaglandin 
secretion, where the high expression of this enzyme is 
associated with CRC in humans by affecting angiogenesis 
(Rao et al., 2004). Hence, the low levels of IL-10 in the 
serum reportedly lead to an increased risk of CRC disease, 
by elevating COX-2 expression. IL-10 deficiency 
increases the number of colon tumors in CRC mouse 
models (Tomkovich et al., 2017). A previous study 
showed that IL-10 level was low in the plasma of newly 
diagnosed CRC patients, but with non-significant 
differences compared with the control (Yamaguchi et al., 
2019), whereas another work demonstrated significantly 
lower differences (Abtahi, 2017). 

The present study recorded significantly highIL-10 
levels in the before surgery group, which was subjected to 
more than one type of treatment. IL-10 tends to perform a 
protective function in CRC animal models, which is 
mediated by regulatory T cells.IL-10 was needed to 
decrease the tumor burden in mice (Erdman et al., 2005).  

However, no significant differences were recorded in 
the levels of this cytokine in the after surgery group, in 
which tumor is completely removed without chemo-
radiotherapy or any type of treatment. In a study that 
described CRC patients who did not experience relapse 
after surgery, IL-10 levels in the serum were significantly 
loweras compared to their state before surgery (Di Caro et 
al., 2016). 

IL-17 is known to have a dual role in cancer because it 
can act as an antitumor cytokine by promoting cytotoxic T 
cell responses, leading to the regression of tumor 
(Murugaiyan and Saha, 2009).IL-17 is considered as one 
of the most common cytokines that promotes angiogenesis 
and tumor development, where it isassociated with poor 
prognosis in CRC (Liu et al., 2011). It is involved in a 
potential mechanism of stimulating the growth of tumor 
due to its proangiogenic effect, through enhancing the 
production of vascular endothelial growth factor (VEGF) 
which is considered as an important proangiogenic factor 
in many human cancer types (Razi et al., 2019). 

The results of the present study showed significantly 
higher levels of IL-17A in the serum for all CRC patient 
groups (Figure 1-B).These results are consistent with those 
reported by previous studies related toIL-17A levels in the 
plasma and serum of newly diagnosed CRC patients 
(Yamaguchi et al., 2019, Wang et al., 2019), as well as 
those desribing patients before or after surgical removal 
(Radosavljevic et al., 2010, Karabulut et al., 2016).In the 
present study, the high levels of IL-17A in the after 
surgery group may be due to an uncompleted treatment 
plan, possibly involving the prescription of adjuvant 
chemotherapy doses to destroy the remaining cancer cells, 
if found.Also,the samples were collectedfrom the patients 
after 21 days of surgical removal, which is a short period 
to restore a normal health state. In addition, there is a 
possibility of bacterial infection for some patients as a 
result of surgery (Al-Awaysheh, 2018) . 

Calcitriol synthesis occurs in the intestinal cells besides 
its synthesis in the kidney. Both receptors of vitamin D 
and calcidiol 1-monooxygenase can be expressed in the 
normal and malignant cells of the human colon (Matusiak 

et al., 2005). Also, a correlation exists between calcitriol 
levels in the serum and those in the colonic tissues in 
humans (Wagner et al., 2012). Calcitriol can inhibit the 
proliferation of the colonic epithelial cells. Therefore, low 
levels of calcitriol facilitate colorectal carcinoma 
development and affect its biological behaviour. Levels of 
25(OH)DR3R and calcitriol were reported to have different 
relationships in the same set of colorectal carcinoma 
patients. A previous study found that 25(OH)DR3R in the 
serum of patients of all disease stages were higher as 
compared to those of the healthy individuals, whereas the 
levels of calcitriol were significantly lower in patients of 
advance stages (Niv et al., 1999). 

The findings of the present work showed that calcitriol 
levels in the serum were significantly lower in thenewly 
diagnosed and before surgery groups, while the after 
surgery group showed no significant differences, when 
compared with the healthy subjects (Figure 1-C). For the 
newly diagnosed group, these findings confirm those 
published in an earlier study of CRC patients, where 
calcitriol level was lower in the serum (Niv et al., 1999). 
Various reasons can account for lower calcitriol levels in 
the serum. The before surgery group in this study received 
chemo-radiotherapy, whereas patients who received 
chemotherapy were less likely to be involved in outdoor 
activities and therefore have less exposure to sunlight. 
Other factors might involve modified diet regimes as well 
as the reported post-chemotherapy  reduction of serum 
vitamin D levels in CRC patients (Fakih et al., 2009). The 
after surgery group, which included only Stage I and stage 
II patients, showed no significant differences in calcitriol 
levelsin comparison with healthy subjects.This may be due 
to the complete removal of the tumor before exposure toto 
chemo-radiotherapy regimes. A previous study showed 
that calcitriol levels in the serum are correlated negatively 
with CRC disease stages (Niv et al., 1999).The results of 
the current study suggest that the observed low levels of 
IL-10 and calcitriol in the serum of the newly diagnosed 
group can give an indication for the presence of the 
disease, hence these chemical mediator shave a good 
potential to be utilized as diagnostic markers(Figure 2-
A,B).However, the observed low levels of IL-10 and 
calcitriol, which were lower than the cutoff values (14.39 
pg/mL and53.14 pg/mL, respectively), may contribute in 
the pro-tumorconditions andassociate with an increased 
risk of developing CRC disease. Previous studies could not 
agree on a definite range of normal calcitriol value in the 
serum of humans. Also, several recent studies indicated an 
increase in the upper limits of the normal range, which 
reached 78 pg/ml (Feldman et al., 2018, Reynolds et al., 
2016, Weil et al., 2018). Hence,this cutoff value can be 
regarded as  acceptable to associate with the increased risk 
of CRC disease. 

The present study showed that the high levels of IL-
17A in the serum could be used to diagnose CRC disease 
(Figure 2- C).The recorded cutoff value (67.18 pg/mL)  
can aid in predictingthe magnitude of the risk to develop 
CRC. Previous studies also suggested that IL-17A level in 
the serum is an important diagnostic and prognostic 
marker for CRC disease (Radosavljevic et al., 2010, Wang 
et al., 2019). 

This study also demonstrated a positive correlation 
between IL-10 and calcitriol (Figure 3, Table 3). A 
previous study showed that calcitriol could increase IL-10 
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expression by B cells in humans. B lymphocytes can 
produce the bioactive form of vitamin D (calcitriol) which 
enhances their expression of IL-10 Heine et al., 2008). In a 
study that examined the effects of calcitriol treatment on 
Th2 cell development in mice using an in vitro culture, it 
was found that IL-10 production was increased (Boonstra 
et al., 2001). 

In the present study, IL-10, IL-17A, and calcitriol 
levels in the serum ofCRC patients who were subjected to 
treatment (Before surgery group) were significantly 
higheras compared to untreated patients(Newly diagnosed 
group) (Table 2, Figure1). In breast cancer patients under 
neoadjuvant therapy, serum levels of IL-10 were 
significantly increased as compared to prior use of IL-10 
(Jabeen et al., 2018). IL-10 showed some resistance to 
chemotherapy via autocrine IL-10 production from the 
tumor cells in breast cancer (Yang et al., 2015). In a 
previous study, IL-17A was used as a biomarker of the 
response to bevacizumab in CRC metastases cases, where 
the higher levels in serum were reported to lead to shorter 
progression-free survival (Lereclus et al., 2017). 
Resistance to cisplatin drug in CRC patients was also 
reported (Sui et al., 2019). The high calcitriol levelsin the 
before surgery group may be due to vitamin D 
supplements that are given to CRC patient as a part of the 
treatment plan. 

6. Conclusion 

Low levels of IL- 10 in the serum can be used as a 
diagnostic biomarker for CRC, whereas high levels of IL-
10 result from the effects of chemo-radiotherapy. The 
association of calcitriol with IL-10 indicates that calcitriol 
contributes in changing the levels of IL-10 in CRC 
patients. High levels of IL-17A in the serum, regardless of 
CRC group type, indicates a strong association with the 
disease. Early surgical treatment in the early stages of 
CRC restores the normal levels of IL-10, and calcitriol. 
The cutoff values found by this study can be used to 
predict  health conditions in which the individuals are at 
risk or already having CRC. 
Acknowledgments 

 We thank CRC patients and healthy volunteers for 
their support and participation in this research study. Also, 
we would like to thank the staff of the Medical 
City/Ministry of Health and Environment, Iraq, for their 
assistance. 

References 

Abtahi S, Davani F, Mojtahedi Z, Hosseini SV, Bananzadeh A 
and Ghaderi A. 2017. Dual association of serum interleukin-10 
levels with colorectal cancer. J Cancer Res Ther, 13: 252-256. 

Ahuja N, and Nettles BS. 2014. Johns Hopkins patients' guide to 
colon and rectal cancer, first ed. Jones and Bartlett,Burlington. 

Al-Ashy R, Chakroun I, El-Sabban ME and Homaidan FR. 2006. 
The role of NF-κB in mediating the anti-inflammatory effects of 
IL-10 in intestinal epithelial cells. Cytokine, 36: 1-8. 

Al-Awaysheh MM. 2018. Surgical site infections in a tertiary 
referral hospital in Amman: Causative bacteria and antibiotic 
susceptibility. Jordan J Biol Sci, 11: 231 – 233. 

Alqudah M, AllouhM, Hamouri S, Zaitoun A, Aladily TN, 
Kheirallah K, Qandeel H, Al-Keilani M, Saqan RS and Matalka I. 
2018. Is Rh positivity a possible risk factor for lung cancer? 
Jordan J Biol Sci, 11: 281 – 284. 

Andersen V, Holst R, Kopp TI, Tjønneland A and Vogel U. 2013. 
Interactions between diet, lifestyle and IL10, IL1B, and 
PTGS2/COX-2 gene polymorphisms in relation to risk of 
colorectal cancer in a prospective Danish case-cohort study. PloS 
one, 8: e78366. 

Boonstra A, Barrat FJ, Crain C, Heath VL, Savelkoul HF, and 
O’Garra A. 2001. 1α, 25-Dihydroxyvitamin DR3R has a direct effect 
on naive CD4+ T cells to enhance the development of Th2 cells. J 
Immunol, 167: 4974-4980. 

Di Caro G, Carvello M, Pesce S, Erreni M, Marchesi F, Todoric J, 
Sacchi M, Montorsi M, Allavena P and Spinelli A. 2016. 
Circulating inflammatory mediators as potential prognostic 
markers of human colorectal cancer. PLoS One, 11: e0148186. 

Erdman SE, Sohn JJ, Rao VP, Nambiar PR, Ge Z, Fox JG and 
Schauer DB. 2005. CD4+ CD25+ regulatory lymphocytes induce 
regression of intestinal tumors in ApcMin/+ mice. Cancer Res, 65: 
3998-4004. 

Fakih M.G, Trump DL, Johnson CS, Tian L, Muindi, J and Sunga 
AY. 2009. Chemotherapy is linked to severe vitamin D deficiency 
in patients with colorectal cancer. IntJColorectalDis, 24:219-224. 

Feldman D, Krishnan AV, Swami S, Giovannucci E and Feldman 
BJ. 2014. The role of vitamin D in reducing cancer risk and 
progression. Nat Rev Cancer, 14: 342-357. 

Gan, S. D. and Patel, K. R. 2013. Enzyme immunoassay and 
enzyme-linked immunosorbent assay. J Invest Dermatol, 133: 
e12. 

Heine G, Niesner U, Chang HD, Steinmeyer A, Zügel U, 
Zuberbier T, Radbruch A and Worm M. 2008. 1, 
25‐dihydroxyvitamin D3 promotes IL‐10 production in human B 
cells. Eur J Immunol, 38: 2210-2218. 

Heitman SJ, Ronksley PE, Hilsden RJ, Manns BJ, Rostom A and 
Hemmelgarn BR. 2009. Prevalence of adenomas and colorectal 
cancer in average risk individuals: a systematic review and meta-
analysis. Clin Gastroenterol Hepatol, 7: 1272-1278. 

Jabeen S, Zucknick M, Nome M, Dannenfelser R, Fleischer T, 
Kumar S, Lüders T, von der Lippe Gythfeldt H, Troyanskaya O, 
Kyte JA and Børresen-Dale AL. 2018. Serum cytokine levels in 
breast cancer patients during neoadjuvant treatment with 
bevacizumab. Oncoimmunology, 7: e1457598. 

Karabulut S, Usul Afsar C, Karabulut M, Kilic L, Alis H, Kones 
O, Bilgin E and Faruk Aykan N. 2016. Clinical significance of 
serum interleukin-17 levels in colorectal cancer patients. J BUON, 
21: 1137-1145. 

Lee JE, Li H, Chan AT, Hollis BW, Lee IM, Stampfer MJ, Wu K, 
Giovannucci E and Ma J. 2011. Circulating levels of vitamin D 
and colon and rectal cancer: The Physicians' Health Study and a 
meta-analysis of prospective studies. Cancer Prev Res, 4: 735-
743. 

Lereclus E, Tout M, Girault A, Baroukh N, Caulet M, Borg C, 
Bouché O, Ternant D, Paintaud G, Lecomte T and Raoul W. 
2017. A possible association of baseline serum IL-17A 
concentrations with progression-free survival of metastatic 
colorectal cancer patients treated with a bevacizumab-based 
regimen. BMC cancer, 17: 220. 

Li B, Wang F, Ma C, Hao T, Geng L and Jiang H. 2019. 
Predictive value of IL-18 and IL-10 in the prognosis of patients 
with colorectal cancer. Oncol Lett, 18: 713-719. 

Liu J, Duan Y, Cheng X, Chen X, Xie W, Long H, Lin Z and Zhu 
B. 2011. IL-17 is associated with poor prognosis and promotes 



 © 2022 Jordan Journal of Biological Sciences. All rights reserved - Volume 15, Number 1 81 

angiogenesis via stimulating VEGF production of cancer cells in 
colorectal carcinoma. Biochem Biophys Res Comm, 407: 348-354. 

Matusiak D, Murillo G, Carroll RE, Mehta RG and Benya RV. 
2005. Expression of vitamin D receptor and 25-hydroxyvitamin 
D3-1α-hydroxylase in normal and malignant human colon. 
Cancer Epidemiol Biomarkers Prev, 14: 2370-2376. 

Mittal SK and Roche PA. 2015. Suppression of antigen 
presentation by IL-10. Curr Opin Immunol, 34:22-27. 

Murugaiyan G and Saha B. 2009. Protumor vs antitumor functions 
of IL-17. J Immunol, 183: 4169-4175. 

Niv Y, Sperber AD, Figer A, Igael D, Shany S, Fraser G and 
Schwartz B. 1999. In colorectal carcinoma patients, serum vitamin 
D levels vary according to stage of the carcinoma. Cancer, 86: 
391-397. 

Oft, M. 2014. IL-10: master switch from tumor-promoting 
inflammation to antitumor immunity. Cancer Immunol Res, 2: 
194-199. 

Radosavljevic G, Ljujic B, Jovanovic I, Srzentic Z, Pavlovic S, 
Zdravkovic N, Milovanovic M, Bankovic D, Knezevic M, 
Acimovic LJ and Arsenijevic N. 2010. Interleukin-17 may be a 
valuable serum tumor marker in patients with colorectal 
carcinoma. Neoplasma, 57:135. 

Rao M, Yang W, Seifalian AM and Winslet MC. 2004. Role of 
cyclooxygenase-2 in the angiogenesis of colorectal cancer. IntJ 
Colorectal Dis, 19: 1-11. 

Razi S, Noveiry BB, Keshavarz-Fathi M, and Rezaei N. 2019. IL-
17 and colorectal cancer: From carcinogenesis to treatment. 
Cytokine, 116: 7-12. 

Reynolds D, Yadav H and Utz J. 2016. 57-year-old man with hip 
pain and lytic bone lesions. Mayo Clin Proc, 91: 35-40. 

Sui G, Qiu Y, Yu H, Kong Q and Zhen B. 2019. Interleukin‑17 
promotes the development of cisplatin resistance in colorectal 
cancer. Oncol Lett, 17: 944-950. 

Taylor A, Verhagen J, Blaser K, Akdis M and Akdis CA. 2006. 
Mechanisms of immune suppression by interleukin‐10 and 
transforming growth factor‐β: the role of T regulatory cells. 
Immunol, 117: 433-442. 

Tomkovich S, Yang Y, Winglee K, Gauthier J, Mühlbauer M, Sun 
X, Mohamadzadeh M, Liu X, Martin P, Wang GP and Oswald E. 
2017. Loco regional effects of microbiota in a preclinical model of 
colon carcinogenesis. Cancer Res, 77: 2620-2632. 

Trummer C, Schwetz V, Pandis M, Grübler MR, Verheyen N, 
Gaksch M, Zittermann A, März W, Aberer F, Lang A and Friedl 
C. 2017. Effects of vitamin D supplementation on IGF-1 and 
calcitriol: a randomized-controlled trial. Nutrients, 9: 623. 

Van Harten-Gerritsen AS, Balvers MG, Witkamp RF, Kampman 
E, and van Duijnhoven FJ. 2015. Vitamin D, inflammation, and 
colorectal cancer progression: a review of mechanistic studies and 
future directions for epidemiological studies. Cancer Epidemiol 
PrevBiomark, 24: 1820-1828. 

Wagner D, Dias AG, Schnabl K, Van der Kwast T, and Vieth R. 
2012. Determination of 1, 25-dihydroxyvitamin D concentrations 
in human colon tissues and matched serum samples. 
AnticancerRes, 32: 259-263. 

Wang D, Yuan W, Wang Y, Wu Q, Yang L, Li F, Chen X, Zhang 
Z, Yu W, Maimela NR and Cao L. 2019. Serum CCL20 combined 
with IL-17A as early diagnostic and prognostic biomarkers for 
human colorectal cancer. J Transl Med, 17: 253. 

Weil EL, Richards LW and Salonen BR. 2018. 64-year-old 
woman with general malaise and hypercalcemia. Mayo ClinProc, 
93: 1144-1148. 

Wu X, Tian J, and Wang S. 2018. Insight into non-pathogenic 
Th17 cells in autoimmune diseases. Front Immunol, 9:1112. 

Yamaguchi M, Okamura S, Yamaji T, Iwasaki M, Tsugane S, 
Shetty V and Koizumi T. 2019. Plasma cytokine levels and the 
presence of colorectal cancer. PloS one, 14: e0213602. 

Yang C, He L, He P, Liu Y, Wang W, He Y, Du Y and Gao F. 
2015. Increased drug resistance in breast cancer by tumor-
associated macrophages through IL-10/STAT3/bcl-2 signaling 
pathway. Med Oncol, 32: 352. 

Youssry SA, Hussein AE, El-Sheredy AG, Ramadan R and El-
Sheredy HG. 2019. Clinical relevance of LC3B, CXCL10, and 
Bcl-2 in breast cancer. Jordan J Biol Sci, 12: 471 – 476. 

 

 

 

 

 


