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Background: Accumulative evidence suggests that the biological behavior of cancer stem-like cells (CSCs) is 
regulated by their surrounding niche, in which cytokines function as one of the main mediators for the inter
action between CSCs and their microenvironment in the colorectal cancer (CRC). 
Methods: We characterized the presentation of CSCs and the interleukin (IL)− 8 network in the adenoma/CRC 
epithelium using quantitative real-time PCR (q-PCR), immunohistochemistry (IHC) and double immunofluo
rescence. In addition, the capacity of IL-1β to stimulate epithelial IL-8 production in colon cancer Caco-2 cells 
was examined in vitro and the IL-8 product was measured by enzyme-linked immunosorbent assay (ELISA). 
Results: IHC observation showed increased expression of both CSCs and IL-8 in the adenoma and CRC epithelium, 
and q-PCR results revealed that increased expression of IL-1β transcript was strongly correlated with increased 
IL-8 transcript levels in both adenoma and CRC tissues. Double immunofluorescence images demonstrated the 
coexpression of the IL-8 receptors IL-8RA and IL-8RB with LGR5 labeled CSCs in CRC tissue sections. Consis
tently, in vitro experiments showed that coculture of Caco-2 cells with IL-1β at concentrations of 1, 5, 10 and 20 
ng/ml resulted in a dose-dependent release of IL-8, which could be specifically inhibited by cotreatment with the 
IL-1β receptor antagonist. 
Conclusions: These results demonstrate activation of the IL-8 network in the niche of CSCs from the precancerous 
adenoma stage to the CRC stage, which is potentially stimulated by IL-1β in CRC cells.   

1. Introduction 

Colorectal cancer (CRC) is a common cancer that threatens human 
life with an estimated 1.8 million newly diagnosed cases and an esti
mated 0.8 million deaths in 185 countries in 2020 [1]. Statistical data 
also show that recurrence and metastasis are the two major reasons why 
the current treatments temporary and incomplete and why poor prog
nosis [2]. It is currently thought that CRC is derived from a small group 
of cancer cells with stem cell-like properties, termed cancer stem cells 
(CSCs) [3,4]. Increasing in vitro and in vivo evidence suggests that CSCs 
are closely associated with the invasion, recurrence, and metastasis of 

CRC [5–14]. Therefore, specifically targeting and modulating the bio
logical activity of CSCs might be an effective therapeutic for the man
agement of CRC with recurrence and metastasis [15,16]. 

Compelling evidence has revealed that intestinal stem-like cells 
reside within a specialized inflammatory microenvironment that con
tains high amounts of immune cells and cytokines [17–19], these com
ponents act in a coordinated manner to play an essential regulatory role 
in stem cell renewal, differentiation and the early onset of cancer [17,18, 
20,21]. Similar to physiological intestinal stem-like cells, a direct 
crosstalk between CSCs and their inflammatory microenvironment has 
also been demonstrated [13,22–29], in which cytokines function as the 
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main mediators and play a critical role in the communication between 
CSCs and surrounding immune cells [27–30]. Such interactions can 
markedly affect the properties and features of CSCs and determine the 
recurrence and metastasis of CRC [3,13,26,30,31]. All these findings in 
turn result in growing research interest in the investigation of cytokines 
that can specifically impact the biological behavior of CSCs within the 
tumor microenvironment. 

Previous studies have demonstrated that interleukin (IL)− 8 is a 
potent promoting factor in many human cancers including CRC [12, 
32–38]. A high level of IL-8 expression in human CRC tissues was 
particularly relevant to the properties and features of CSCs involved in 
tumor invasion and metastasis [39,40], which was mediated by the IL-8 
receptors IL-8RA and IL-8RB [9,10,12,25,40]. Recent studies have 

provided considerable evidence to suggest that the promoting effect of 
IL-8 on CRC occurs via a direct impact on the generation and mainte
nance of CSCs [9–11,13,40,41], in addition to its effects on the mobili
zation of immature myeloid cells, angiogenesis and 
epithelial–mesenchymal transition [12,37,42–45]. Furthermore, accu
mulative evidence has revealed that the activation of the IL-8 network, 
modulated by a set of cytokines, such as IL-1β [46–48], in the tumor 
microenvironment contributes to the architecture of a supportive in
flammatory niche for CSCs [9,10,26,40]. Therefore, the evaluation of 
the IL-8/IL-8 receptor network surrounding CSCs may help to provide 
novel insights into the regulatory mechanisms of CSCs via cytokines and 
design novel therapeutics to target CSCs in the future. 

Given the above background, the objective of this study was to 
characterize the presentation and regulation of the IL-8 network sur
rounding the CSC niche from the precancerous adenomas to the CRC 
stage. 

2. Materials and methods 

2.1. Patients 

A total of 40 colorectal polyps (male/female ratio 27/13, average age 
62 years, range 44–92 years) excised by colonoscopy and 37 CRCs 
(male/female ratio 33/4, average age 69 years, range 42–89 years) 
excised by surgery; 21 (male/female ratio 13/8, average age 54 years, 
range 26–76 years) morphologically normal colorectal mucosa samples 
without pathological evidence by colonoscopic and microscopic exam
inations collected from the Departments of Gastroenterology & Surgery 
respectively, between August 2003 and January 2008 at University 
Hospital of North Norway were included in this study. No adenoma/CRC 

Table 1 
Basic clinicopathological information of patients with CRC.   

Case TNM Invasion depth Lymph node   

I II III T1 T2 T3 T4 Positive Negative 

CRC  37  9  16  12  2  9  22  4  14  23  

Table 2 
q-PCR primer/probe sequences of house-keeping gene β-actin, IL-1β and IL-8.  

Assay  Primer Sequence 

β-actin TaqMan Forward 5′ TGCCGACAGGATGCAGAAG 3′

Reverse 5′ GCCGATCCACACGGAGTACT 3′

Probe FAM 5′

AGATCAAGATCATTGCTCCTCCTGAGCGC 3′

TAMRA 
IL-1β TaqMan Forward 5′ CCTGAGCTCGCCAGTGAAA 3′

Reverse 5′ TTTAGGGCCATCAGCTTCAAA 3′

Probe FAM 5′

ATGGCTTATTACAGTGGCAATGAGGATGACTTG 
3′ TAMRA 

IL-8 TaqMan Forward 5′ TCTTGGCAGCCTTCCTGATT 3′

Reverse 5′ TTTCTGTGTTGGCGCAGTGT 3′

Probe FAM 5′ CTGCAGCTCTGTGTGAAGGTGCAGT 3′

TAMRA  

Fig. 1. Photographic representations of CSCs labeled by ALDH1 and LGR5 in the adenoma and CRC epithelium examined with immunohistochemistry (IHC). Low 
densities of CSCs labeled by ALDH1 (Fig. 1A, arrow pointed) and LGR5 (Fig. 1E, arrow pointed) were observed in the epithelium of controls. High intensities of CSCs 
labeled by ALDH1 and LGR5 were shown on epithelial surface of both the adenoma (arrows pointed in Fig. 1B for ALDH1 & Fig. 1F for LGR5 respectively) and CRC 
(arrows pointed in Fig. 1C for ALDH1 & Fig. 1G for LGR5 respectively). Notably, abundant CRC cells positive for ALDH1 (Fig. 1D, arrow pointed) and LGR5 (Fig. 1H, 
arrow pointed) were shown in the invading edge of CRCs. (Fig. 1A-H: IHC, counterstained with hematoxylin, original magnification 200 ×). 
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patients or control subjects had a history of regular use of immuno
modulatory treatments or chemotherapy. Histologically, all 40 polyps 
were confirmed to be adenomas and 37 CRC patients were adenocarci
nomas, and the basic clinical pathological features of CRC patients are 
summarized in Table 1. The biopsies were prepared and embedded in 
paraffin routinely. Sections were cut at 4 µm, and then stained with 
hematoxylin and eosin (H&E). The conventional histological diagnosis 
for all the biopsies was examined at the Department of Pathology, 
University Hospital of North Norway. The study was approved by the 
Regional Ethical Committee of Northern Norway, permission for the 
storage of human tissues and data was given by the Norwegian 
Department of Health and the Norwegian Bureau of Data Surveillance, 
and written informed consent was obtained from the patients. 

2.2. Quantification of IL-1β and IL-8 mRNAs in normal and CRC tissues 
by real-time PCR 

Biopsies were collected in RNAlater solution (Ambion Europe, 
Cambridgeshire, UK) and total RNA was extracted by using the TRIzol 
method (Invitrogen Life Tech., Carlsbad, MA, USA) and reverse tran
scription was performed using SuperScript II (Invitrogen Life Tech., 
Carlsbad, MA, USA) [49,50]. Real-time PCR was performed on an 
ABI-prism 7900 sequence detector using a TaqMan Gold™ PCR core re
agents kit (Applied Biosystems/Roche, Branchburg, NJ, USA) in 25 μL 
volume according to our previously published method [49]. The primer 
sequences for IL-1β, IL-8 and the housekeeping gene (beta-actin) are 
listed in Table 2 as published previously [49,51–53]. IL-1β and IL-8 
mRNA expression in CRC tissues was measured by the cycle threshold 
cross point (CT) value relative to that of normal mucosa as fold differ
ence (N)= 2-ΔΔCT, ΔCT = CTIL-1β or IL-8 gene-CTbeta-actin, ΔΔCT= ΔCT 
adenoma/CRC-average ΔCT normal as described in our recent publication 

Fig. 2. Photographic representations of IL-8 and IL-8 receptors IL-8RA/IL-8RB expressions in the adenoma and CRC epithelium examined with IHC. In the controls, 
low intensity of IL-8 positive cells was located in the control epithelium (Fig. 2 A, arrow pointed). In both the adenoma and the CRC sections, increased IL-8 
immunoreactivity was distributed in the adenoma (Fig. 2B, arrow pointed) and CRC epithelium (Fig. 2 C, arrow pointed); Similarly, the expression of IL-8 recep
tor IL-8RA (Fig. 2D, arrowhead pointed) and IL-8RB (Fig. 2 G, arrowhead pointed) were observed in the control epithelium at a low intensity. However, both IL-8RA 
and IL-8RB immunoreactivities were highly expressed in the adenoma (refer to Fig. 2E for IL-8RA & Fig. 2H for IL-8RB, arrowhead pointed) and CRC epithelium 
(refer to Fig. 2 F for IL-8RA & Fig. 2I for IL-8RB, arrowhead pointed). (Fig. 2A-I: IHC, counterstained with hematoxylin, original magnification 200 ×). 
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[52]. 

2.3. Immunohistochemical examinations of CSCs and the expression of 
IL-8 and its receptor IL-8RA and IL-8RB in both the adenoma and CRC 
epithelium 

Immunohistochemistry (IHC) was performed in 4 µm paraffin sec
tions from controls, adenomas, and CRC tissues using a Vectastatin Elite 
ABC Kit (Vector Lab., Burlingame, CA, USA) as described previously [5, 
54,55]. The following primary antibodies were used: rabbit anti-human 
leucine-rich repeat-containing G-protein-coupled receptor 5 (LGR5) (to 
label CSC, MBL International, Woburn, MA 01801, USA), mouse 
anti-human aldehyde dehydrogenase 1 (ALDH1) (to label CSC, BD 
Bioscience, San Jose, CA, USA), rabbit anti-human IL-8 (to label IL-8 
expressing epithelial cells, working dilution 1:100; R&D system, Min
neapolis, MN, USA), mouse anti-human IL-8RA (working dilution 1:100; 
BD Pharmingen, San Diego, CA, USA) and mouse anti-human IL-8RB 
(working dilution 1:50, R&D system, Minneapolis, MN, USA). The an
tibodies were incubated at 4 ºC overnight. 3-Amino-9-ethylcarbazole 
(AEC; Vector Laboratories, Burlingame, CA, USA) was used as a chro
mogen and slides were slightly counterstained with Mayer’s 

hematoxylin. Negative control slides for IHCs were processed routinely: 
(1) primary antibodies were substituted with the isotype-matched con
trol antibodies; (2) secondary antibody was substituted with phosphate 
buffered saline (PBS). 

2.4. Double immunofluorescence (DIF) with confocal microscopy to 
examine the expression of IL-8 receptors in CSCs 

To examine the expression of IL-8RA and IL-8RB on CSCs in CRC, DIF 
was performed with antibodies against IL-8RA/LGR5 and IL-8RB/LGR5 
in 10 selected CRC tissue sections according to the protocol described in 
our previous publications [19,56]. The immunoreactivity (IR) of LGR5 
was developed using a Texas red-conjugated secondary antibody, and 
IL-8RA or IL-8RB-IRs were developed using a fluorescein isothiocyanate 
(FITC)-conjugated secondary antibody (both antibodies obtained from 
Jackson ImmunoResearch Lab., West Grove, PA, USA). Nuclear coun
terstaining was not applied. Negative controls were processed by (1) 
substituting primary antibodies with the isotype-matched control anti
bodies; (2) examining cross-reactivity by crossing different secondary 
antibodies. Stained sections were observed and photographed with a 
confocal microscope (LSM-700, Carl Zeiss, Jena, Germany) under × 200 
medium-power magnification. 

2.5. In vitro studies to examine the regulatory effect of IL-1β on epithelial 
IL-8 production in colon cancer cells 

2.5.1. Caco-2 colon cancer cell line culture 
To determine the stimulatory effect of IL-1β on IL-8 production in 

colon cancer epithelial cells, the Caco-2 cell line, derived from a human 
colon adenocarcinoma (ATCC, Rockville, MD), was used between pas
sages 40 and 50. Cells were maintained in DMEM containing 1% 
glucose, 25 mM HEPES, 10% (v/v) heat-inactivated FBS (HyClone 
Perbio-Sciences, Erembodegem, BE), 2% (v/v) L-glutamine 200 mM and 

Fig. 3. Double immunofluorescences visualize the expression of IL-8RA and IL-8RB on LGR5 labeled CSCs in the CRC sections. Double immunofluorescence images 
showed that IL-8RA- (visualized by Texas red, red color in Fig. 3A) and IL-8RB-immunoreactivity (visualized by Texas red, red color in Fig. 3D) were frequently 
expressed on LGR5 labeled CSCs (visualized by FITC, green color in Fig. 3B & E respectively) in the CRC epithelium (merged images in Fig. 3C & F). (Fig. 3A-F, 
confocal images, original magnification 200 ×; counterstaining was not applied). 

Table 3 
Increased folds of IL-1β and IL-8 transcript levels in the adenoma and CRC tissues 
relative with controls (2-ΔΔCT method).  

mRNA Control Adenoma P1 (Adenoma 
vs. Control 

CRC P2 (CRC vs. 
Control) 

IL-1β 1.98 
± 0.78 

20.41 
± 7.14 

< 0.01 47.33 
± 18.95 

< 0.01 

IL-8 2.17 
± 0.77 

2.37 
± 0.50 

> 0.05 1977 
± 981.8 

< 0.01 

P values were obtained from the Mann–Whitney test. 
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1% (v/v) nonessential amino acids (NEAAs) (Invitrogen, Carlsbad, CA). 
Cells were grown in 175 cm2 flasks (Greiner Bio-One, Strickenhausen, 
DE) in an atmosphere of 5% CO2/95% air (v:v) at 37 ◦C. For experi
ments, cells were seeded at a density of 180 × 103 cells/well on type I 
collagen (Sigma–Aldrich) precoated 12-well plates (Nunc, Roskilde, DK) 
and cultured in standard medium supplemented with 1% pen (10 × 103 
U/ml)-Strep (10 mg/ml) for 6 days. The cells were then washed with 
phosphate buffered saline (pH 7.2) and each treatment was applied for 
24 h in culture medium containing 1% (v/v) FBS. 

2.5.2. The stimulatory effect of IL-1β on IL-8 production in cultured Caco-2 
cells 

To determine the stimulatory effect of IL-1β on IL-8 secretion in 
Caco-2 cells, we performed a dose-response study of IL-1β on Caco-2 
cells. Cells were either treated or not with IL-1β at a series of concen
trations of 1 ng/ml, 10 ng/ml, and 20 ng/ml. To determine the blocking 
effect of the IL-1 receptor RA (IL-1RA) antagonist, cells were incubated 
with the IL-1RA at a series of concentrations of 150 ng/ml, 250 ng/ml, 
and 350 ng/ml individually for one hour before incubation with IL-1β at 
a concentration of 15 ng/ml. 

2.6. Enzyme-linked immunosorbent assay (ELISA) for the detection of IL- 
8 levels in the supernatant of treated Caco-2 cells 

After the experiment, the cells were washed with phosphate-buffered 
saline, collected, and centrifuged (1 min at 12,000 g). The pellet was 
then resuspended in Reporter Lysis Buffer (Promega Corp., Madison, WI) 
and frozen at − 20 ◦C for 30 min, followed by thawing, centrifugation (2 
min at 16,000 g) and collection of the supernatant. The IL-8 protein level 
was evaluated using a sandwich ELISA method (BD Biosciences Phar
mingen, San Diego, CA) and quantified in pg/ml using the standard 
provided with the kit. The results were expressed in relation to the 
negative control (untreated cells) to facilitate comparison between 
different concentrations. 

2.7. Morphological evaluation and statistical analysis 

The populations of stem-like cells labeled by ALGH1 or LGR5 in the 
adenoma/CRC epithelium were semiquantified on a scale of 0–3: grade 
0 indicated an absence of positive cells; grade 1 indicated a 1–5% 
presence of positive cells; grade 2 indicated a 6–25% presence of posi
tive cells; and grade 3 indicated a 26–100% presence of positive cells 
according to the published method [57]. 

The results are expressed as the mean ± SEM unless otherwise stated. 
The Kruskal–Wallis test was used to evaluate the statistical significance 
of stem-like cell populations among the control, adenoma and CRC 
groups, and the Mann–Whitney test was used to evaluate the statistical 
significance of IL-1β and IL-8 mRNA levels among the control, adenoma, 
and CRC tissues. Spearman’s correlation coefficient was used to analyze 
the relationships between IL-1β and IL-8 mRNA levels in both adenoma 
and CRC tissues. A value of P < 0.05 was considered significant. 

3. Results 

3.1. The presentation pattern of cancer stem-like cells, IL-8, and IL-8 
receptors in the CRC epithelium 

CSCs labeled by LGR5 and ALDH1 were observed in the adenoma/ 
CRC epithelium. Compared with that of controls (Fig. 1 A&D), IHC ob
servations showed an expanding expression pattern of CSCs in both the 
adenoma and CRC sections, in which many CSCs labeled by ALDH1 and 
LGR5 were diffusely observed on the surface of adenoma (Fig. 1B for 
ALDH1; Fig. 1 F for LGR5) and CRC epithelium (Fig. 1C for ALDH1; 
Fig. 1G for LGR5) respectively. Notably, CSCs labelled by ALDH1 
(Fig. 1D) and LGR5 (Fig. 1H) were more abundant in the invading edges 
of CRC tissues. The populations of ALDH1- and LGR5-labeled stem-like 
cells in the adenoma/CRC epithelium showed a gradually increasing 
trend (control vs. adenoma vs. CRC: 0.92 ± 0.01 vs. 1.68 ± 0.56 vs. 1.87 
± 0.68, P < 0.05; Kruskal–Wallis test). 

Interestingly, immunoreactivities (IRs) of IL-8 and its functional re
ceptors IL-8RA/IL-8RB were high in both adenoma/CRC cells and stro
mal cells. As the emphasis of this study was the IL-8 microenvironment 
surrounding the niche of CSCs, we focused on IL-8/IL-8 receptor 
expression in the adenoma/CRC epithelial cells. Compared to controls 
(Fig. 2A), intensive IL-8-IR was observed in both the adenoma (arrow 
pointed in Fig. 2B) and CRC epithelium (arrow pointed in Fig. 2C). 
Similarly, the IRs of IL-8RA and IL-8RB were observed in the control 
(arrows in Fig. 2D for IL-8RA and 2 G for IL-8RB), adenoma (arrows in 
Fig. 2E for IL-8RA and 2 H for IL-8RB) and CRC epithelium (arrows in 
2 F for IL-8RA &2I for IL-8RB). 

3.2. The expression of IL-8 receptors IL-RA and IL-8RB on the surface of 
CSCs in CRC 

Double immunofluorescence staining with IL-8RA/LGR5 and IL- 
8RB/LGR5 antibodies demonstrated that the IL-8 receptor IL-8RA was 
occasionally (Fig. 3A) and that IL-8RB (Fig. 3D) was frequently 

Fig. 4. The stimulatory effect of IL-1β on IL-8 production from Caco-2 cells in 
vitro. Data from vitro experiments showed that coculture of Caco-2 cells with IL- 
1β at concentrations of 1, 5, 10 and 20 ng/ml resulted in a dose-dependent 
release of IL-8 measured by ELISA (Fig. 4A). Which could be specifically 
inhibited by the cotreatment with the IL-1β receptor antagonist (IL-1Ra) in a 
dose-dependent manner (Fig. 4B). 

G. Cui et al.                                                                                                                                                                                                                                      



Biomedicine & Pharmacotherapy 152 (2022) 113252

6

coexpressed with LGR5 (Fig. 3B & E) labeled CSCs (merged images in 
Fig. 3C & F), implying a possible regulatory effect of IL-8 on CSCs. 

3.3. The regulation of IL-8 signaling by IL-1β in cancer cells in vivo and in 
vitro 

3.3.1. IL-1β and IL-8 transcripts increased from the adenoma stage to the 
CRC stage 

The IL-1β/IL-8 milieu surrounding the niche of CSCs was examined 
in both adenoma and CRC tissues. As shown in Table 3, q-PCR results 
revealed significantly increased levels of IL-1β and IL-8 mRNAs from the 
adenoma stage to the CRC stage relative to the controls. 

Spearman’s correlation coefficient analysis showed that the levels of 
IL-1β mRNA were strongly correlated with the level of IL-8 mRNA in 
both the adenoma (ʀ=0.5578, P = 0.0002) and CRC tissues (ʀ=0.5917, 
P < 0.0001). 

The dose-dependent stimulatory effect of IL-1β on IL-8 release from 
cultured Caco-2 colon cancer cells in vitro. 

In cultured Caco-2 cells, administration of IL-1β at concentrations of 
1, 5, 10 and 20 ng/ml resulted in a dose-response release of IL-8 as 
measured by ELISA (Fig. 4A). This effect could be specifically blocked by 
cotreatment with an IL-1β receptor antagonist (IL-1Ra) in a dose- 
dependent manner (Fig. 4B). 

4. Discussion 

Our current results suggested that the IL-8 network surrounding the 
CSC niche is strongly activated from the adenoma stage to the CRC stage, 
which suggest that the IL-8 network is involved in the regulation of CSC 
biological behavior in the adenoma/CRC microenvironment. 

CSCs are a subpopulation of tumor cells responsible for tumor initi
ation, progression, and metastasis [5,8,58,59]. Previously, many studies 
have confirmed the presence and significance of CSCs in both the ade
noma and CRC stages [4,8,14,60–66]. We characterized CSCs labeled by 
different stem cell surface markers, e.g., Musashi, CD133, LGR5 and 
ALDH1, and reported significant temporal and spatial changes in CSCs 

throughout the human colorectal adenoma-carcinoma sequence [5]. 
Extensive studies have now reported that the biological behavior of CSCs 
is regulated by their inflammatory cytokine milieu in human cancers 
[22,67,68]. Several studies revealed that IL-8 could directly affect the 
biological behavior of CSCs e.g., stemness, recurrence and metastasis in 
several types of human cancer [9,10,13,40], mediated by the IL-8 re
ceptors IL-8RA and IL-8RB [9–11,26]. In this study, we show that IL-8 
and its receptors IL-8RA/RB are highly expressed in both the adenoma 
and CRC epithelium, where CSCs are located. Furthermore, we identify 
that IL-8 receptors, particularly IL-8RB, are frequently expressed in 
CSCs. These findings suggest that adenoma/CRC cell-derived IL-8 might 
affect CSC properties through IL-8 receptors in a possible paracrine ac
tion pathway. 

Furthermore, q-PCR results showed that IL-1β levels were elevated in 
both adenoma and CRC tissues, and IL-8 levels were only elevated in 
CRC tissues. Since the promoting effect of IL-1β on colorectal carcino
genesis has been reported (refer to recent reviews [48,69,70]), this 
finding might suggest that a strong activated IL-1β level in the adenoma 
stage is involved in the transformation of precancerous adenomas to 
CRCs. Notably, our further analysis revealed that IL-1β levels were 
strongly correlated with IL-8 levels in both the adenoma and CRC stages. 
This finding implies a potential regulatory effect of IL-1β on IL-8 pro
duction in the adenoma/CRC microenvironment. Indeed, our in vitro 
experiments support such a claim. The epithelial IL-8 protein level in 
Caco-2 cells stimulated with IL-1β was significantly increased in a 
dose-dependent manner, which could be specifically blocked by the 
IL-1β receptor antagonist IL-1RA. These results suggest that an active 
IL-8 milieu surrounding the CSC niche is, at least partially, regulated by 
IL-1β. Both Vazquez-Iglesias et al. [71] and Huang et al. [72] recently 
identified that stem cell markers, e.g., CD133 and CD44, were expressed 
on the surface of Caco-2 cells, and suggest that Caco-2 cells might have 
the properties and features of CSCs. Therefore, the possibility of IL-1β 
stimulating the secretion of IL-8 from CSCs in an autocrine manner 
cannot be excluded. Fig. 5 shows a schematic summarizes the presen
tation and regulation of the IL-8 network surrounding the niche of CSCs 
in the CRC epithelium based on our current findings. 

Fig. 5. Schematic summarized the presentation and regulation of tumor-derived IL-8 microenvironment surrounding the niche of CSCs in the CRC epithelium. 
Accumulative evidence suggested that the production of IL-8 from cancer cells was stimulated by IL-1β, which might further affect the biological behavior of CSCs 
through IL-8 receptors expressed on the surface of CSCs in a paracrine manner. 
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In addition to its impact on CSCs [26,40], recent studies have also 
revealed that IL-8 could serve as an important regulatory factor for 
mesenchymal stem cells in an autocrine or paracrine manner and be 
involved in the process of tumor angiogenesis [73,74]. Therefore, it has 
been hypothesized that targeting IL-8/IL-8 receptor signaling might 
inhibit the activity of both epithelium-resident CSCs and stroma-resident 
mesenchymal stem cells in patients with cancer [13,26]. In the future, 
precise targeting approaches on IL-8 receptors expressed on CSCs are 
needed. 

Finally, it is worth mentioning that the IL-8 network is generated by a 
number of cells including CRC cells, immune cells and stromal cells 
surrounding the niche of CSCs [11,39,75]. Thus, IL-8 produced from 
other types of cells, e.g., stromal cells, particularly these IL-8-positive 
stromal cells aggregated in the stroma close to the CSC-resident 
epithelium (the so called subepithelial stroma region), might also 
participate in the regulation of CSCs in a paracrine manner [11]. 

5. Conclusion 

Our data outlined an activated IL-8 network surrounding the niche of 
CSCs from the adenoma stage to the CRC stage, which is potentially 
regulated by IL-1β. Taken together with previous findings, we propose 
that one of the pathways by which tumor-derived IL-8 contributes to 
tumor invasion and metastasis is possibly through a regulatory effect on 
CSCs in adenoma/CRC tissues. These findings may help us gain novel 
insights into the regulatory mechanisms of cytokines of affecting the 
biological behavior of CSCs and design novel therapeutics to target CSCs 
in the future. 
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