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expressed in an animal model of ulcerative colitis
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Background: The presence of neutrophil-rich inflammation in colon tissues of patients with

ulcerative colitis (UC) is one of the most important histological characteristics of this

disease. However, the expression of CXCL chemokines governing the infiltration of neu-

trophils in UC has not been well elucidated.

Materials and methods: In this experimental study, the UC model was induced in Wistar

rats by administration of 2 mL 4% acetic acid into the large colon through the rectum.

Animals were anesthetized after 48 hrs; their colon tissue samples were isolated for macro-

scopic and histopathological examinations. The expression of CXCL family was assessed by

reverse transcription polymerase chain reaction (qRT-PCR) technique.

Results: Heavy infiltration of neutrophils, coagulation necrosis, and ulcers were observed in

H&E staining, which pathologically proved the UC model. qRT-PCR results showed that

ELR+ CXC chemokines such as CXCL6 and CXCL3 had the highest expression in the UC

group, which was 49 and 28 times higher than that of the control group, respectively. In

addition, other chemokines of this group including CXCL1, CXCL2, and CXCL7 had

a significant increase compared to the control group (P≤0.05). However, ELR− CXC

chemokines such as CXCL4, CXCL13, and CXCL16 showed a smaller upregulation,

while CXCL14 chemokine showed a significant decrease compared to the control group

(P≤0.05). However, the expression of CXCL9-12 and CXCL17 did not change.

Conclusion: The results showed that the ELR+ CXC chemokines, especially CXCL6 and

CXCL3, many involved in the pathogenesis of UC; therefore, CXCL6 and CXCL3 chemo-

kines can be used as therapeutic targets for UC, although more studies using human samples

are required.
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Introduction
Inflammatory bowel diseases (IBD) include Crohn’s disease (CD) and ulcerative

colitis (UC), are associated with recurrent gastrointestinal inflammation.1 The

inflammation causes acute gastrointestinal symptoms, such as diarrhea, vomiting,

abdominal pain, and bleeding, which leads to impairment in the structure and

function of the gastrointestinal tract.2 CD may occur in any part of the digestive

tract and affects all layers of the intestinal. In contrast, UC only affects the colon

and its inflammatory response is exclusively restricted to the mucosa and some-

times submucosa, and neutrophils are the dominant infiltrated cells in the affected

areas.3–5 Excessive infiltration of inflammatory cells results in the production of

various inflammatory mediators which in turn leads to infiltration of leukocytes into

large intestine mucosa. As the result of chronic inflammation, collagen and
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components of the extracellular matrix are accumulated in

the affected area, and the release of reactive oxygen spe-

cies aggravates tissue degradation which ultimately leads

to damage of mucosa and epithelial ducts in the patients.4,6

Chemokines are a group of proteins (8–12 KDs) respon-

sible for transmitting signals for cell migration, inflamma-

tion regulation, and angiogenesis.7,8 Forty-five chemokines

have been recognized in humans, which are divided into

several families according to the order of their amino acids.

The family of CXC ligands contains two cysteine molecules

separated by another amino acid (X). The CXC family

receptor is designated as CXCR and its ligand as

CXCL.9,10 There are 17 ligands for CXC family chemo-

kines in humans, which are named CXCL1 to CXCL17,

respectively. CXC chemokines can be classified into two

categories: ELR+ CXC family which structurally character-

ized by the presence of a Glu-Leu-Arg tripeptide motif in

their N terminal and includes CXCL1-3, CXCL5, CXCL6,

CXCL7, and CXCL8. However, ELR− CXC family lack

this tripeptide motif and mainly include CXCL9-11.11–13

Singh et al have recently measured the levels of many

chemokines and cytokines in the serum of patients with

IBD, and reported that many of them such as CXCL5,

CXCL13, CXCL10, CCL21, CCL25, CCL23, MCP1 as

well as cytokines such as IL16, IFN-γ, and IL-1β were

increased in the patients than the normal individuals.14 So

far, the majority of studies have measured the levels of

a few chemokines, but not all, in the serum of patients

with IBD. Herein, we investigated expressions of CXCLs

at mRNA levels in an animal model of UC and reported that

all five ELR+ CXCL and only 3 of 9 ELR− CXCL chemo-

kines are significantly upregulated in colon tissue of animal

model of UC.

Materials and methods
Induction of UC
UC was induced in 6 adult male Wistar rats weighing 300–

350 g and 6 rats with similar weights were used as the

control. The colitis was induced three times (each time 2

rats) in 6 rats. All experiments were performed according

to animal ethics guidelines and regulation of Kurdistan

University of Medical Sciences. Animals were kept in

proper laboratory conditions, standard light conditions

and 12 hrs light/dark cycle, relative humidity, and contin-

uous identical access to water and food. The UC model

was induced as previously reported.15 All the rats were

exposed to Nil per oscondition for 24 hrs. The rats were

subject to mild inhaler anesthesia using chloroform. In the

UC group, 2 mL of 4% acetic acid (pH=2.3) was injected

into the large colon through the rectum by a plastic tube

called NG tube (internal diameter of 2 mL, 8 cm of which

enters the colon) and washed using 2 mL normal saline

through the same NG tube. Control rats were only infused

and washed with normal saline. Since the inflammation

and tissue damage is at the highest level 48 hrs after the

induction of UC,16 the animals were euthanized and appro-

priate samples were taken.

Sample preparation
A longitudinal incision was made using a surgical blade on

the abdomen until perineum, and the 6-cm end of animal’s

colon was separated at a distance of 1 cm from the anal

sphincter. The ratio of colon weight to length (g/cm) was

determined by dividing the weight of 6-cm isolated colon

(g)/6 cm. The colon tissue was placed in an RNase free

microtube and immediately stored at −70°C freezer for

later use.

Histological analysis
The colon tissue was examined macroscopically for

inflammation and ulcer. For microscopic analysis, the

colon tissue was kept in formalin, and H&E staining was

used for the detection of inflammation and verification of

the model. In order to confirm UC, the microscopic ana-

lysis was performed to study WBC infiltration, ulcers, and

tissue necrosis by our pathologist (BN) who was blind to

each group.

RNA extraction and quantitative real

time PCR
RNA of tissue samples was extracted using an RNA iso-

lation kit (#740955.50; NucleoSpin RNA, Germany) and

cDNA synthesis was performed for qRT-PCR using

PrimeScriptTM RT reagent Kit (#RR037A; Takara,

Japan). Real-time quantitative reverse transcription-PCR

(real-time qRT-PCR) was performed by Corbett rotor

gene 6,000 Real-Time PCR system (Corbett Research,

Australia) and carried out using the SYBR Green dye

detection protocol. The primers designed by Gene

Runner and listed in Table 1. Amplification condition

was as follows: initial denaturation at 94°C for 30

s followed by 40 cycles of denaturation at 95°C for 5 s,

annealing temperature at 55°C for 30 s, extension tem-

perature at 72°C for 30 s. Final extension temperature was
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at 72°C for 5 mins. To determine the differences between

CXCLs expression (fold changes) in the UC and the con-

trol group, the expression of CXCLs genes was quantified

in both groups as previously described.17 Briefly, the mean

±SEM of each CXCL expression in each group was cal-

culated using 2-ΔCT [2 - (CT CXCL – CT GAPDH)]. Then, the

difference in the CXCLs expression in the UC group was

compared to the control and fold changes were calculated

using this formula: 2-ΔCT UC group/2-ΔCT control. GAPDH

was used as the housekeeping gene.

Statistical analysis
In this study, SPSS version 20 (IBM Corporation,

Armonk, NY, USA) and paired t-test were used to compare

the results of gene expressions and colon weights of rats in

UC and control groups (P≤0.05).

Results
Macroscopic examination of colon tissue
Our macroscopic examinations showed that colon structure

including thickening of the colon, extensive hemorrhagic

ulcers, bloody mucus, and sometimes widespread necrosis

was present in the UC group. In contrast, there was no ulcer

or inflammation in the control group (Figure 1A). Then, the

weight to length ratio of colon tissue was evaluated in both

groups and as shown in Figure 1B, this ratio was much

higher in the UC group than the normal group.

Histopathological examination
Our histopathological examinations revealed that epithelial

destruction, ulcerated colon mucosa with coagulation

necrosis and infiltration of WBC, in particular, neutrophils

were observed in rats with the UC. In the control group,

the natural tissue of colon consisted of mucosal, subman-

dibular, muscular, and serous layers were present and there

was no signature of inflammation or necrosis (Figure 2).

ELR+ CXC chemokines are upregulated

in colon tissues of rat with UC
The expression levels ELR+ CXC chemokines at mRNA

were detected by qRT-PCR. Our results showed increased

expressions of all five members of the ELR+ CXC family in

the colon samples of rats with the UC than the normal

controls (Figure 3). The expression of CXCL6 and CXCL3

Table 1 Primers used in this study

Gene Forward primer Reverse primer

Gapdh AGTTCAACGGCACAGTCAAG ATACTCAGCACCAGCATCAC

CXCL1 AGACAGTGGCAGGGATTCAC AAGCCTCGCGACCATTCTTG

CXCL2 TCCTCAATGCTGTACTGGTC TGAAGTCAACCCTTGGTAGG

CXCL3 TCAATGCTGCACTGCTTCTG TCCTTGAGAGTGGCTATGAC

CXCL4 TTCTTCTGGGTCTGCTGTTG TGCGTTTGAGATGGATCCTG

CXCL6 TTTCTGCTGCTGTTCACACTG TAGCTATGACTTCCACCTTGG

CXCL7 TTCAGACTCAGACCTACATC AATGGCTCGTTGTTATCAGG

CXCL9 TGCCTAGACCCAGATTCAGC AGATGCAGAGCGCTTGTTGG

CXCL10 TCCTGCAAGTCTATCCTGTC TGGCTTCTCTCTAGTTACGG

CXCL11 AGATTGCAGAACTCGCTAGG AGACGATAACTCGGAGTGTG

CXCL12 ATCCTCAACACTCCAAACTG TTAAGGCTTTGTCCAGGTAC

CXCL13 TTCTTCTACTGGCCATCTGC TTCCCAGGGCGTATAACTTG

CXCL14 TTCGGTGCATATGCAAACAGC AGCACTCATGAATCTCAGCAC

CXCL16 TGTTGGGATTAAAGGACTGC AACCTCGAACTTTACACTCC

CXCL17 TCTTGCTCTCGTCTTCTCATG AGAGGCTAGAAGCTTCATTGC
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Figure 1 Macroscopic examinations of colon tissue in the UC and control groups. (A)

Gross macroscopic structure of colon in control and UCGroups. (B)Weight to length

ratio of the last 6 cm of colon tissue. The induction of colitis model was performed

once. Each column represents fold change±SEM for six male Wistar rats. * P≤0.05.
Abbreviation: UC, ulcerative colitis.
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were remarkably upregulated, 49 and 28 folds, respectively.

Moreover, the expression levels of the other three members

(CXCL1, CXCL2, and CXCL7) of ELR+ CXCL family were

significantly higher in the UC group than the control one.

Most of ELR− CXC chemokines were not

upregulated in UC
Having shown that the expression levels of ELR+ CXC

chemokines were significantly upregulated in UC, we next

analyzed the levels of ELR− CXC chemokines at mRNA in

this model. We observed that only 3 members of this family

CXCL4 (4 times), CXCL13 (3.4 times), and CXCL16 (1.8

times) were significantly upregulated (Figure 4). In contrast,

CXCL14 expression was significantly downregulated (0.32

times) in the UC model than the control group. In addition,

there was no change in the expression of CXC9, CXCL10,

CXCL11, CXCL12, and CXCL17 chemokines compared to

the control group (Figure 4).

Discussion
Many studies have shown that production of a chemotactic

gradient through the secretion of CXCL chemokines by

intestinal epithelial cells may be one the mechanisms

attracting leukocytes in particular neutrophils into the

epithelial cell layer.18,19 Several ELR+ CXC chemokines

are implicated in IBD; for example, CXCL1-2, CXCL5-7,

and CXCL8 chemokines are significantly expressed in
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Figure 2 Histopathological findings of UC and control groups. The experiments were performed using optical microscopy with 10X and 40X magnification. (A&B) Normal

colon, (C&D) UC.

Abbreviation: UC, ulcerative colitis.
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Figure 3 ELR+ CXC chemokines are highly upregulated in UC. Each column

represents a fold change ± SEM for six male Wistar rats. Fold change calculated

using this formula: 2−ΔCT[2 − (CT CXCL – CT GAPDH)] UC group/2−ΔCT[2 − (CT

CXCL – CT GAPDH)] control. The statistical results in the UC group show

a significant difference compared to the control. * P≤0.05, ** P≤0.01, *** P<0.0001.
Abbreviation: UC, ulcerative colitis.
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IBD-affected regions compared to normal tissues.20–22

Unlike ELR+ CXC chemokines, ELR− CXC chemokines

have no chemotactic effect for neutrophils; however, they

are highly reactive for memory T-cells and NK cells.23–25

Although a limited number of CXCL family have been

shown to be involved in the process of immune cell

migration into the inflamed tissue of patients with IBD,

all of them have not been simultaneously investigated. In

the current study using an animal model of UC, we

showed that the expression levels of CXCL1-4, CXCL6-

7, CXCL13, and CXCL16 chemokines were increased, the

expressions of CXCL9, CXCL10, CXCL11, CXCL12, and

CXCL17 chemokines had no change, and the expression

of CXCL14 was decreased compared to the control group.

Egesten et al have demonstrated that CXCL1 expres-

sion was increased in patients with UC.26 However,

another study showed that mice bearing a mutation in

CXCL1 are more susceptible to UC and displayed deeper

colitis, indicating that CXCL1 plays a protective role in

recruiting neutrophils into the inflammatory sites.27 In

contrast, in the absence of CXCL2, it has been shown

that infection and inflammation of lungs are significantly

reduced due to decreased neutrophil infiltration28 and con-

versely neutrophil invasion of lamina propria was signifi-

cantly increased in CXCL2 transgenic mice.29

Accordingly, we observed in the current study that

CXCL1 and CXCL2 expression were significantly upre-

gulated in colon tissue of the rat with UC. So far, the role

of CXCL3 in UC has not been yet studied and we are

reporting it here, for the first time, that CXCL3 expression

was 28 folds elevated in colon tissues of rats with UC.

Although CXCL3 is an inflammatory ELR+ CXCL family

and is known as one the chemoattractant factor of neutro-

phils, previous studies have also shown that CXCL3 is

increased in human colon polyp and tumor compared to

normal tissue.30 This is in agreement with our observation

that CXCL3 is not only expressed in colon tissue of

normal rat, but its expression upregulated after induction

of UC, implying that CXCL3 may play a crucial role in the

pathogenesis of inflammatory-based of UC.

Although CXCL4 or platelets factor 4 (PF4) is mainly

secreted by alpha granules of platelets and involves in throm-

bosis, recent studies have reported that serum levels of

CXCL4 are highly elevated in patients with IBD and

CXCL4 levels show disease activity.31 In accordance with

this previous observation, we demonstrated in the current

study that CXCL4 expression was increased in colon tissue

of rats with UC. Since patients with active IBD are at threefold

risk for thrombosis than healthy people,32 we envision that

induction of tissue necrosis and hemorrhage in colon tissue of

rats with UCmay result in upregulation of CXCL4.Moreover,

CXCL6 has been shown to be expressed in 90% and 0–30% of

epithelial cells from IBD patients and control group,

respectively.33 In the line of the latter study, we observed

that CXCL6 expression in colon tissues of rats with UC was

49 timesmore than the control highlighting the role of CXCL6

in the pathogenesis of UC. Moreover, in the early stages of

bowel inflammation, pro-inflammatory cytokines such as IL-1

and TNF-α stimulate CXCL6 production, which is a potent

chemotactic factor for neutrophils.34–36 In contrast, Alzoghaibi

et al showed that serum CXCL6 is decreased in UC and CD

patients than the normal individuals,37 indicating that CXCL6

levels in circulation do not represent its expression in colon

epithelial cells.

Several studies have shown increasing expressions of

CXCL9-12 chemokines in patients with UC and mice

models of UC,38–44 while our results showed there are

not any differences in the expression of these chemokines

in the UC group compared with the control group. This

inconsistency can be due to variations in the induced-

model of UC and differences in the type and expression

levels of the chemokines in humans and mice. In addition,

neutrophils were dominant infiltrated cells in the colon

tissues of our UC model. However, CXCL9-11 chemo-

kines mainly recruit Th1 cells, monocytes, and NK cells.23

Carlsen et al showed that CXCL13 and CXCR5 not only
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Figure 4 Expression comparison of ELR− CXC chemokines in AA-induced UC.

Each column represents fold change ± SEM for six male Wistar rats. Fold change

calculated using this formula: 2−ΔCT[2 − (CT CXCL – CT GAPDH)] UC group/2−ΔCT[2 −

(CT CXCL – CT GAPDH)] control. The statistical results of CXCL4, CXCL13,

CXCL14, and CXCL16 chemokines in UC group had a significant difference with

the control group (P≤0.05). The statistical results of CXCL9, CXCL10, CXCL11,

CXCL12 and CXCL17 chemokines in UC group showed no significant difference

with control group (P>0.05). ** P≤0.01, *** P<0.0001.
Abbreviation: UC, ulcerative colitis.
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expressed in GALT lymphoid follicles of the small and

large intestine, but also they expressed in abnormal lym-

phoid aggregates of UC,45 which was in accordance with

our study and suggested an increase in the expression of

CXCL13 in the UC model. On the other hand, Legler et al

reported the presence of CXCL13 in vermiform appendix

and stomach but not in the colon or small intestine of

humans.46 Yeung et al showed that in all cases of UC,

lamina propria consisted of a number of basal aggregates

including lymphocytes and follicular dendritic cells in

comparison to healthy tissue.47 Therefore, this chemokine

can be considered as one of the factors involved in inflam-

mation and chemotaxis of immune cells in bowel

inflammation.

CXCL14 is a homeostatic chemokine expressed by

various types of epithelial cells, including basal keratino-

cytes and dermal fibroblasts. However, epithelial cells in

the colon do not express this chemokine, which is exclu-

sively expressed by LP cells and has chemotactic activity

for monocytes but not neutrophil.48 In our study, the

expression of CXCL14 in UC group was reduced com-

pared to the control group, which could be due to the anti-

inflammatory effects of this chemokine as the analog of

C-terminal α-helix of CXCL14 possess anti-inflammatory

property.49 It should be noted that there is insufficient

information showing the role of CXCL14 in IBD and

other inflammatory diseases which needs to be elucidated

in the future. Although CXCL17 has been shown to be

expressed in the gastrointestinal tract and lung,50 we

observed that there is no difference in the expression levels

of this chemokine in the rats with UC and the control.

In conclusion, the results of the current study showed

that the ELR+ CXC chemokines, especially CXCL6 and

CXCL3, may involve in the pathogenesis of UC; therefore,

CXCL6 and CXCL3 chemokines could be used as thera-

peutic targets for UC, although more studies are required.
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