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Abstract
AIM: To investigate the effects of the chemokine stro-
mal cell-derived factor-1 (CXCL12) receptor (CXCR4) 
antagonist AMD3100 on colonic inflammation and epi-
thelial barrier in dextran sulfate sodium (DSS)-induced 
colitis in mice.

METHODS: Experimental colitis was induced by admin-
istration of 5% DSS for 7 d, and assays performed on 
intestinal segments from the ileocecal valve to the anus. 
Colonic morphology was examined by hematoxylin and 
eosin staining. Colonic cytokines were determined by 
enzyme-linked immunosorbent assay. Myeloperoxidase 
(MPO) activity (indicator of inflammatory infiltration) 
was observed spectrophotometrically. Gut permeability 
was assessed by mucosal-to-serosal clearance of fluo-
rescein isothiocyanate-conjugated dextran 4000 (FD4) 
in everted gut sacs. The apoptosis of colonic epithelium 
was assessed by Hoechst-33342 staining. To further 
elucidate the role of CXCR4 in colonic inflammation, we 

also investigated the effect of AMD3100 on migration 
and cytokine production of isolated peripheral blood 
mononuclear cells (PBMCs).

RESULTS: DSS-induced colitis was characterized by 
morphologic changes, as well as increased colonic cy-
tokines, inflammatory infiltration, epithelial apoptosis, 
and intestinal permeability in mice. In AMD3100-treated 
mice, epithelial destruction, inflammatory infiltration, 
and submucosal edema were markedly reduced; colonic 
tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6) 
and interferon-γ (IFN-γ) levels, as well as MPO activity 
were significantly decreased. Increased intestinal per-
meability in DSS-treated mice was significantly reduced 
by AMD3100. The number of apoptotic cells in colitis 
mice was markedly increased after DSS administration, 
and decreased when treated with the CXCR4 antagonist 
AMD3100. In pre-activated PBMCs, CXCL12 stimulation 
significantly increased the migration of PBMCs, and was 
inhibited by AMD3100. Moderately increased TNF-α, 
IL-6, and IFN-γ from CXCL12-treated PBMCs were also 
reduced by AMD3100. 

CONCLUSION: The CXCR4 antagonist AMD3100 ex-
erts therapeutic effects on experimental colitis by in-
hibiting colonic inflammation and enhancing epithelial 
barrier integrity. 

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
Ulcerative colitis (UC) is a chronic inflammatory bowel 
disease (IBD), clinically characterized by bloody diarrhea, 
fever, weight loss, and anemia[1,2]. Previous studies dem-
onstrated that pathogenesis of  UC involves the interac-
tion of  environmental, genetic, microbial, and immune 
factors, which can initiate an abnormal immune response, 
and consequent intestinal inflammation[3,4]. Uncontrolled 
local inflammation disrupts the epithelial lining, resulting 
in mucosal edema and ulceration, and even crypt abscess 
in the bowel wall[5]. As in other inflammatory processes, 
polymorphonuclear leukocytes infiltrating into colonic 
mucosa are believed to be the main source of  cytokine 
and inflammatory mediators[6]. Chemokines, including 
growth-regulated oncogene-α and interferon-γ-inducible 
protein-10, which are expressed on various cells of  the in-
testinal tissues, have been reported to regulate the recruit-
ment of  inflammatory cells[7,8]. Block of  these chemokines 
or their receptors significantly attenuates intestinal inflam-
mation and mucosal damage in UC animals, suggesting a 
pivotal role of  chemokines in the pathogenesis of  UC[2,8].

The chemokine stromal cell-derived factor-1 (CXCL12) 
is firstly characterized as a pre-B cell growth stimulating 
factor and its specific receptor is chemokine stromal cell-
derived factor-1 receptor (CXCR4), which also functions 
as an entry receptor for human immunodeficiency virus[9]. 
The CXCL12/CXCR4 chemokine axis has an important 
role in the development of  cardiovascular, hematopoietic, 
and central nervous systems[10,11], and is also involved in 
several inflammatory diseases such as rheumatoid arthritis, 
acute lung injury, and sepsis[12-15]. Recent studies demon-
strated that CXCL12 and CXCR4 are constitutively ex-
pressed on intestinal epithelial cells, lamina propria T cells, 
and peripheral blood T cells of  control patients, and the 
expression is increased in those of  UC patients[16,17]. Block 
of  CXCR4 significantly ameliorates murine experimental 
colitis[4], indicating a possible role of  this chemokine axis 
in intestinal inflammatory response. 

In UC patients, increased number of  apoptotic epithe-
lial cells is detected throughout the crypt[18]. Local massive 
apoptosis of  epithelial cells disturbs the epithelial barrier, 
which can facilitate the infiltration of  inflammatory cells, 
and aggravate mucosal damage[19]. Whether the CXCL12/
CXCR4 chemokine axis plays a role in epithelial apoptosis 
and barrier function, however, needs to be further defined.

In the present study, we firstly assessed the effect of  a 
CXCR4 antagonist, AMD3100, on dextran sulfate sodium 
(DSS)-induced colitis in mice. Morphology, colonic cyto-
kines, myeloperoxidase (MPO) activity (an indicator of  

inflammatory infiltration), gut permeability, and epithelial 
apoptosis were all examined in the first series. To further 
elucidate the role of  the CXCL12/CXCR4 interaction 
in colonic inflammation, we also investigated the effect 
ofAMD3100 on isolated peripheral blood mononuclear 
cells (PBMCs). In this series, cell migration and cytokine 
production were assessed.

MATERIALS AND METHODS
Animals
Female BALB/c mice (9 wk of  age, weighing 20-22 g) were 
obtained from the Animal Facility of  the Jinling Hospital 
(Nanjing, China). Animals were housed under controlled 
temperature, humidity and day-night cycles, with free access 
to standard laboratory feed and water. The Animal Studies 
Ethics Committee of  Jinling Hospital approved all of  the 
experiments.

Experimental design
For the induction of  colitis, mice were given 5% DSS (5000 
daltons; obtained from Wako Pure Chemical Industry, Ja-
pan) in their drinking water for 7 d. Normal control mice 
received regular drinking water throughout the experiment. 
The CXCR4 antagonist, AMD3100, was obtained from 
Sigma (St. Louis, MO, USA). Twenty-five micrograms of  
AMD3100 dissolved in 200 μL of  phosphate-buffered 
saline (PBS) or 200 μL of  PBS alone were administered 
intraperitoneally once daily during the study period. Eight 
mice were studied in each experimental group. On day 8, all 
mice were anesthetized with intraperitoneal administration 
of  ketamine (50 mg/kg) and acepromazine (2 mg/kg), and 
the intestinal segments from the ileocecal valve to the anus 
(5-6 cm in length) were collected for subsequent assays.

Morphological examination
The distal segments of  the colon (2 cm from the anal verge) 
were washed in PBS, fixed in 10% neutral buffered formalin, 
and embedded in paraffin wax. Five micrometers sections 
were deparaffinized with xylene, stained with hematoxylin 
and eosin, and examined by 2 experienced pathologists in 
blinded fashion. The following morphological criteria were 
considered: score 0, no damage; score 1 (mild), focal epi-
thelial necrosis; score 2 (moderate), diffuse necrosis of  the 
villi; score 3 (severe), necrosis with neutrophil infiltrate in 
the submucosa; score 4 (highly severe), widespread necrosis 
with massive neutrophil infiltrate and hemorrhage[1].

Measurement of colonic cytokines and MPO
The colonic levels of  tumor necrosis factor-α (TNF-α), 
interleukin-6 (IL-6), and interferon-γ (IFN-γ) were evalu-
ated using commercial colorimetric kits (Jingmei Biotech, 
Beijing, China) according to the manufacturer’s instruc-
tions. The tissue homogenate enzyme-linked immunosor-
bent assay was determined with respect to the concentra-
tion of  protein, and expressed as pg/mg tissue protein.

Sequestration of  leukocytes within the colon was eval-
uated by measuring tissue MPO activity[2]. Briefly, tissue 
samples were homogenized with 0.5% hexadecyltrimeth-
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ylammonium bromide (Sigma, ST. Louis, MO, USA) in  
50 mmol/L phosphate buffer (pH 6.0). The homogenate 
was sonicated for 10 s, freeze-thawed 3 times, centrifuged 
at 14 000 rpm for 15 min, and the resulting suspension 
was used for assay. The assay mixture consisted of  20 μL 
of  supernatant, 10 μL of  tetramethylbenzidine (final con-
centration 1.6 mmol/L), and 70 μL of  H2O2 (final con-
centration 3.0 mmol/L). MPO activity was assessed pho-
tometrically at 630 nm. The results were expressed with 
respect to the concentration of  protein, and expressed as 
the activity per mg protein of  the tissue (U/mg protein).

Gut permeability measurement
Intestinal permeability was assessed by the mucosal-to-
serosal clearance of  fluorescein isothiocyanate-conjugated 
dextran (4000 daltons, FD4; obtained from Sigma, St.Louis, 
MO, USA) in everted gut sacs, as described in previous 
studies[20,21]. Intestinal segments from the ileocecal valve to 
the anus were excised, and prepared in ice-cold modified 
Krebs-Henseleit bicarbonate buffer (KHBB contained in 
mmol/L: HEPES 10, NaCl 137, KCl 5.5, NaHCO3 4.2, 
Na2HPO4 0.3, KHPO4 0.4, MgSO4 0.4, MgCl2 0.5, CaCl2 
1.3, glucose 19.5). The intestinal segment first underwent 
lavage with 3 mL of  PBS to remove fecal material, and 
was then closed at one end with a 4-0 silk ligature. The 
gut sac was everted using a thin metal rod, then connected 
to a 1 mL syringe containing 0.4 mL of  the KHBB solu-
tion, and secured with a 4-0 silk ligature 4 cm from the tip. 
The everted gut sac was gently distended with 0.4 mL of  
KHBB, suspended in a 100 mL beaker containing FD4 
(20 μg/mL) in KHBB, maintained at 37℃ in a water bath, 
and continuously bubbled with a gas mixture containing 
95% oxygen and 5% CO2. 

At the beginning of  the incubation, a 1 mL sample was 
withdrawn from the beaker to determine the initial exter-
nal (mucosal surface) FD4 concentration (FD4muc). After 
a 30-min incubation period, the gut sac was removed from 
the beaker, its diameter (D) and length (L) were measured, 
and the fluid on the serosal side was aspirated into the sy-
ringe to determine the FD4 concentration (FD4ser). The 
serosal and mucosal samples were centrifuged for 10 min 
at 1000 g. One hundred microliters of  the supernatant was 
diluted with PBS (900 μL), and fluorescence was measured 
(λex = 492 nm, slit width = 1.5 nm; λem = 515 nm, slit 
width = 10 nm) in a spectrofluorometer (model F-7000, 
Hitachi, Japan). The mucosal-to-serosal clearance of  FD4 
was calculated using the following equations: 

Mucosal surface area (A) = πLD.
Mass of  FD4 in the gut sac after 30 min incubation 

(M) = (FD4ser) × 0.4.
Mucosal-to-serosal permeation rate of  FD4 (PR, ng/

min) = M/30 min. 
Mucosal-to-serosal clearance of  FD4 (C, nL/min per 

cm2) = (PR/FD4muc)/A.

Assessment of epithelial apoptosis
Apoptosis of  the colonic epithelium was assessed using a 
nuclear stain Hoechst-33342 (Sigma, St.Louis, MO, USA). 
Briefly, tissue sections (5 μm) were dewaxed with xylene 
and graded alcohols, and finally washed in tap water. En-

dogenous peroxidase activity was blocked by 3% (v/v) 
H2O2, and the antigen was recovered by microwave in  
0.1 mol/L PBS (pH 7.2). Sections were immersed in 
Hoechst dye (working concentration 5 μg/mL) for 5 min, 
and then washed in PBS, 5 min for 3 times. The signals 
were visualized by a fluorescence microscope (model 
IX71, Olympus, Japan), and the number of  positive cells/
high power field was counted in 5 fields for each section 
as described by Cuzzocrea et al[22].

Isolation and stimulation of PBMCs
For isolation of  PBMCs, 12 normal mice were anesthe-
tized with intraperitoneal administration of  ketamine  
(50 mg/kg) and acepromazine (2 mg/kg). Blood samples 
were obtained from the inferior cava vein by direct punc-
ture. PBMCs were isolated by Ficoll-Hypaque plus density 
gradient centrifugation. The isolated PBMCs were resus-
pended in F-12K Nutrient Mixture (Invitrogen, Carlsbad, 
USA) with 10% fetal bovine serum, 100 U/mL penicillin, 
100 μg/mL streptomycin, and 100 ng/mL phytohemag-
glutinin (PHA, activator of  PBMCs; obtained from Sigma, 
St.Louis, MO, USA). Six hours after resuspension, the 
PBMCs were split into 3 groups (1.5 × 106 cells/mL). 
Group 1 was cultured in medium with PBS. Group 2 
was re-stimulated with 50 ng/mL CXCL12 (Chemicon, 
MA, USA), and group 3 was pre-treated with 20 μmol/L 
AMD3100 (30 min before re-stimulation), and then treated 
with 50 ng/mL CXCL12. The cells were incubated for 24 h, 
and the cytokine production in supernatant was measured 
using a colorimetric commercial kit (Jingmei Biotech, Bei-
jing, China) according to the manufacturer’s instructions. 

For assessment of  cell migration, a 24-well transwell 
migration chamber with 8 μm pores (Greiner Bio-One, 
Frickenhausen, Germany) was used[23]. The isolated 
PBMCs was resuspended in serum-free medium with 0.2% 
bovine serum albumin to an appropriate concentration (1 
× 106 cells/mL), then placed in the top chambers of  the 
transwell (200 μL/well). The lower chambers were filled 
with 600 μL of  control medium (containing 2.5% fetal 
bovine serum) with or without 50 ng/mL of  CXCL12. 
Some of  the cells were preincubated with the CXCR4 an-
tagonist AMD3100 (20 μmol/L) for 30 min before being 
placed in the top chambers. Twelve hours after incubation, 
PBMCs that had not migrated to the lower chambers were 
removed from the upper surface of  the transwell mem-
brane with a cotton swab. Migrating cells on the lower 
membrane surface were fixed with methanol, stained with 
10% Giemsa, and photographed under a light microscope. 
Values of  integrated optical density (IOD) from the pic-
tures were employed to assess the migration of  PBMCs. 

Statistical analysis
Results are presented as mean and standard error of  the 
mean ± SE. One-way repeated-measures ANOVA (fol-
lowed by multiple pair-wise comparisons using the Student-
Newman-Kleus method) were used for the analysis of  
differences between the experimental and control groups. 
All statistical analyses were carried out using the SPSS ver-
sion 11.5 for Windows (Chicago, IL, USA), with statistical 
significance set at P < 0.05.

2875 June 21, 2010|Volume 16|Issue 23|WJG|www.wjgnet.com

Xia XM et al . CXCR4 antagonist attenuates mice experimental colitis



RESULTS
CXCR4 antagonist attenuated colonic mucosal damage 
in DSS-induced colitis 
After induction of  colitis with DSS, the colonic mucosa 
showed congestion, erosion, and hemorrhagic ulcerations. 
Histological findings demonstrated marked epithelial de-
struction, inflammatory infiltration, crypt distortion, and 
submucosal edema (Figure 1B). In AMD3100-treated 
mice, epithelial destruction, inflammatory infiltration, and 
submucosal edema were markedly reduced as compared 
with nontreated mice (Figure 1C). No histological altera-
tion was observed in the intestinal segments from control 
mice (Figure 1A). As a result, the histological score in 
mice with DSS-induced colitis was significantly higher 
than that in control mice, and treatment with AMD3100 
markedly reduced the histological score in mice with coli-
tis (Figure 1D). 

CXCR4 antagonist reduced colonic MPO and proinflam-
matory cytokines in DSS-induced colitis
Induction of  DSS-induced colitis was assessed by histol-
ogy and local cytokine production. In the present study, 
we also evaluated the effect of  AMD3100 on colonic in-
flammation. As shown in Figure 2A-C, colonic TNF-α, 
IL-6, and IFN-γ levels were significantly elevated at 7 d 
after induction of  colitis, as compared with control mice; 
treatment with AMD3100 markedly reduced colonic cy-
tokines production in mice with colitis. 

MPO activity, as a marker of  local leukocyte sequestra-
tion, was also examined in this study. Figure 2D shows that 
colonic MPO activity was significantly increased 7 d after 
induction of  colitis; treatment with AMD3100 decreased 
the colonic MPO level. These findings indicated that 
AMD3100 could inhibit the recruitment of  inflammatory 
cells into the colonic segment.

CXCR4 antagonist enhanced colonic epithelial barrier in 
DSS-induced colitis
The mucosal-to-serosal clearance of  permeability probe 
FD4 in everted gut sacs was measured to assess the epi-
thelial barrier. The mucosal-to-serosal passage of  FD4 was 
low in control mice, and the calculated clearance was 9.10 
± 1.10 nL/min per cm2. DSS-administered mice demon-
strated a marked increase in gut permeability, with the cal-
culated clearance reaching 24.18 ± 1.83 nL/min per cm2. In 
AMD3100 treated mice, there was a significant reduction 
in permeability, and the calculated clearance was 14.71 ±  
1.43 nL/min per cm2 (Figure 2E). These findings demon-
strated that AMD3100 could enhance the colonic epithelial 
barrier. 

CXCR4 antagonist ameliorated colonic epithelial 
apoptosis in DSS-induced colitis
According to the manufacturer of  Hoechst-33342, the 
nuclei of apoptotic cells stain bright white, and are ac-
companied by apoptotic fragments, while the nuclei of  live 
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Figure 1  Effects of a chemokine stromal cell-derived factor-1 receptor (CXCR4) antagonist on mucosal damage in mice. Colitis was induced by administration 
of 5% dextran sulfate sodium (DSS) for 7 d. A: Common colonic morphologic characteristics are observed in tissue sections from control groups; B: Marked colonic 
injury is observed in tissue sections from the colitis group; C: Treatment with CXCR4 antagonist, AMD3100, significantly attenuates colonic damage; D: The 
histological score in mice. Eight mice were studied in each experimental group. Results are mean ± SE. aP < 0.05 vs control group; cP < 0.05 vs DSS + PBS group. 
Original magnification, × 200.
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Figure 2  Effects of CXCR4 antagonist on colonic myeloperoxidase (MPO), proinflammatory cytokines, and gut permeability in mice. Colitis was induced by 
administration of 5% DSS for 7 d. Colonic levels of tumor necrosis factor-α (TNF-α) (A), interleukin-6 (IL-6) (B), interferon-γ (IFN-γ) (C), MPO (D), and FD4 clearance (E) 
are shown. Eight mice were studied in each experimental group. Results are mean ± SE. aP < 0.05 vs control group; cP < 0.05 vs DSS + PBS group. 
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Figure 3  Effects of CXCR4 antagonist on colonic epithelial apoptosis in mice. Colitis was induced by administration of 5% DSS for 7 d. Tissue sections were 
stained with Hoechst-33342. A: Sporadic apoptotic cells were observed in intestinal segments from the control group; B: Clustered apoptotic cells were observed in 
tissue sections from the colitis group; C: Treatment with CXCR4 antagonist AMD3100 obviously decreased epithelial apoptosis; D: The numbers of apoptotic cells in 
intestinal segments. Eight mice were studied in each experimental group. Results are mean ± SE. aP < 0.05 vs control group; cP < 0.05 vs DSS + PBS group. Original 
magnification, × 200.
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cells are stained as a uniform blue color. As in Figure 3, 
sporadic apoptotic cells were observed in the intestinal 
segments from control mice (apoptotic cells were 1.25 ± 
0.12 per field). The number of  apoptotic cells in the intes-
tinal segments was markedly increased 7 d after induction 
of  colitis, the apoptotic bodies mainly localized in the 
epithelium (apoptotic cells were 11.98 ± 0.81 per field). 
However, the presence of  apoptotic cells was significantly 
decreased in the intestinal segments from AMD3100 
treated mice (apoptotic cells were 4.23 ± 0.28 per field).

CXCR4 antagonist inhibited migration and cytokine 
production of isolated PBMCs 
To evaluate whether AMD3100, the CXCR4 antagonist, 
could block PBMC migration, we performed an in vitro 
PBMCs chemotaxis assay. To mimic the in vivo inflamma-
tory response, the PBMCs were pre-activated with PHA. 
The IOD values were employed to assess the number of  
migrated PBMCs. Figure 4A shows that CXCL12 treat-
ment significantly increased the migration of  PBMCs, as 
compared with the control group, the IOD values being 
79.68 ± 3.76 and 51.28 ± 2.97, respectively, and the mi-
gration of  PBMCs were inhibited by pretreatment with 
AMD3100 (IOD values 53.27 ± 3.70). 

We also measured the cytokine production from iso-
lated and PHA pre-activated PBMCs. As shown in Figure 
4B-D, the supernatant levels of  TNF-α, IL-6, and IFN-γ 
from CXCL12-treated PBMCs were moderately higher 
than that in the control group, and AMD3100 pre-treat-
ment could attenuate the increase in TNF-α, IL-6, and 
IFN-γ in PBMCs.

DISCUSSION
The present study demonstrated that administration of  

the CXCR4 antagonist, AMD3100, decreased the sever-
ity of  DSS-induced colitis in mice, as assessed by mor-
phology, colonic cytokines, epithelial apoptosis, and gut 
permeability. More importantly, the CXCR4 antagonist 
also inhibited the migration and cytokine production of  
activated PBMCs. These results strongly suggest that the 
CXCR4 antagonist has a therapeutic effect on experi-
mental colitis.

The CXCL12/CXCR4 axis is an efficacious leuko-
cyte chemoattractant, which can attract lymphocytes and 
mononuclear cells from the bloodstream to the site of  
inflammation[24,25]. A previous study demonstrated that 
CXCL12 could promote natural killer cell migration into 
tissues by stimulating the production of  matrix metallo-
proteinase-1 and subsequent degradation of  the extracel-
lular matrix proteins[26]. By provoking activation of  protein 
kinase C, CXCL12 also induced adhesion of  monocytes 
to human umbilical vein endothelial cells[25]. In patients 
with bursitis or acute lung injury, increased local CXCL12 
and CXCR4 expression was associated with aggravated 
tissue damage, which could be attenuated by CXCL12 
or CXCR4 blockade, suggesting a role of  the CXCL12/
CXCR4 chemokine axis in local inflammation[12-14,27].

Recently, several studies have been performed to inves-
tigate the role of  the CXCL12/CXCR4 chemokine axis 
in IBD, particularly in UC. Katsuta et al[28] have previously 
demonstrated that the expression of  CXCL12 mRNA in 
colonic mucosa of  UC patients was higher than that in 
patients with Crohn’s disease. Dotan et al[17] also reported 
that CXCL12 and CXCR4 were constitutively expressed 
on human intestinal epithelial cells (IECs), and were up-
regulated in IBD IECs; CXCR4+ cells were increased in 
the lamina propria of  IBD patients, and antibodies against 
CXCR4 or CXCL12 significantly blocked the migration of  
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Figure 4  Effects of CXCR4 antagonist 
on migration and cytokine production 
of isolated PBMCs. To mimic the in vivo  
inflammatory response, the PBMCs were 
pre-activated with PHA. Migration of 
PBMCs (A) and levels of TNF-α (B), IL-6 
(C), and IFN-γ ( D) in PBMCs are shown. 
Six wells were studied in each experi-
mental group. Results are mean ± SE. aP 
< 0.05, chemokine stromal cell-derived 
factor-1 (CXCL12) group vs control group; 
cP < 0.05, AMD3100 group vs CXCL12 
group.
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lamina propria and peripheral blood T cells, identifying an 
inflammatory role for the CXCL12/CXCR4 axis in the in-
testinal mucosa. In patients with refractory UC, increased 
CXCR4 expression was also observed on peripheral blood 
T cells[16]. In DSS-induced colitis, both CXCR4 expression 
on leukocytes and CXCL12 expression in colonic tissue 
were significantly increased; administration of  a CXCR4 
antagonist TF14016 ameliorates colonic inflammation in 
DSS-induced colitis and IL-10 knockout mice, and also re-
duced TNF-α and IFN-γ production in mesenteric lymph 
node cells, indicating a possible role of  this chemokine 
axis in the pathophysiology of  UC[4]. 

Consistent with previous reports, our present study 
also demonstrated marked mucosal damage and inflam-
matory responses in DSS-induced colitis. MPO activity, as 
an indicator of  inflammatory infiltration, was significantly 
elevated 7 d after induction of  colitis, in parallel with in-
creased colonic TNF-α, IL-6, and IFN-γ. Administration 
of  the CXCR4 antagonist, AMD3100, decreased the histo-
logical score, colonic cytokines, and inflammatory infiltra-
tion in DSS-induced colitis in mice. These results are in 
agreement with a previous report that the CXCR4 antago-
nist, TF14016, could also ameliorate DSS-induced colitis[4].

The intestinal epithelium is a single cell layer that 
forms the barrier between the body and the luminal gas-
trointestinal contents[29]. The central role of  the intesti-
nal epithelium is to limit access of  toxins and microbes 
to underlying tissues, and intestinal barrier dysfunction 
has strong potential to result in IBD[30]. Accordingly, our 
results demonstrated that mice subjected to DSS devel-
oped significant intestinal barrier failure, as evidenced 
by a marked increase in gut permeability to FD4, while 
AMD3100 administration preserved the intestinal barrier 
function by reducing gut permeability. Although there 
is an unanswered question regarding IBD as to whether 
dysfunction of  the intestinal barrier is a primary contrib-
utor to inflammation, or is a consequence of  the action 
of  inflammatory mediators[31], our present study clearly 
showed that AMD3100 treatment reduced both the in-
flammatory response and gut permeability in mice with 
colitis, identifying a therapeutic effect of  the CXCR4 
antagonist in experimental colitis. 

A previous study also demonstrated that the mainte-
nance of  the intestinal epithelium was mainly dependent 
upon the regulation of  proliferation and apoptosis[32]. Lo-
cal massive apoptosis of  epithelial cells would disturb the 
epithelial barrier, facilitate the infiltration of  inflammatory 
cells, and aggravate mucosal damage[19,33]. In the present 
study, we found that the number of  apoptotic cells in the 
colonic epithelium was markedly increased in DSS-induced 
colitis in mice. This was consistent with a previous study 
which demonstrated that apoptotic epithelial cells in the 
crypt of  UC patients were much more abundant than in 
the control group[18]. Our present study also reported that 
AMD3100 treatment significantly decreased the presence 
of  apoptotic cells in intestinal segments of  DSS-induced 
colitis in mice, indicating that the CXCL12/CXCR4 axis 
also plays a role in epithelial apoptosis during the UC.

The infiltration of  leucocytes into the colonic muco-
sa is believed to play an important role in tissue damage 

and clinical symptoms in both human and experimental 
UC[2,3]. Thus, in the present study, we further clarified 
the effect of  the CXCR4 antagonist on migration and 
cytokine production of  PBMCs. To mimic the in vivo 
inflammatory response, the PBMCs were pre-activated 
with PHA. We demonstrated that, although CXCL12 in-
creased PBMC migration, the CXCR4 antagonist signifi-
cantly attenuated the migration of  PBMCs. In addition, 
AMD3100 moderately decreased cytokine production 
in PBMC culture. Taken together, the present data sug-
gest that the amelioration of  DSS-induced colitis by the 
CXCR4 antagonist can be mainly attributed to its effect 
on migration of  PBMCs. 

In conclusion, the present study demonstrated that the 
CXCR4 antagonist, AMD3100, decreased the severity of  
DSS-induced colitis in mice, by inhibiting the migration 
and cytokine production of  activated PBMCs, and identi-
fied a therapeutic effect of  the CXCR4 antagonist in ex-
perimental colitis. These data also suggested a pivotal role 
of  the CXCL12/CXCR4 chemokine axis in the pathogen-
esis of  UC.
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