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Abstract

Neutrophils are considered as complex innate immune cells and play a critical role in maintaining intestinal
mucosal homeostasis. They exert robust pro-inflammatory effects and recruit other immune cells in the acute
phase of pathogen infection and intestinal inflammation, but paradoxically, they also limit exogenous microbial
invasion and facilitate mucosal restoration. Hyperactivation or dysfunction of neutrophils results in abnormal
immune responses, leading to multiple autoimmune and inflammatory diseases including systemic lupus ery-
thematosus, rheumatoid arthritis, and inflammatory bowel diseases (IBD). As a refractory intestinal inflamma-
tory disease, the pathogenesis and progression of IBD are associated with complicated immune response pro-
cesses in which neutrophils are profoundly involved. However, the consensus on potential roles of neutrophils
in modulating pathogenic and repair processes of IBD remains not fully understood. Accumulated infiltrating
neutrophils cross the epithelial barrier and contribute to microbial dysbiosis, aggravated intestinal architec-
tural damage, compromised resolution of intestinal inflammation and increased risk of thrombosis during IBD.
Paradoxically, activated neutrophils are also associated with effective elimination of invaded microbiota, pro-
moted angiogenesis and tissue restoration of gut mucosa in IBD. Here, we discuss the beneficial and detrimental
roles of neutrophils in the onset and resolution of intestinal mucosal inflammation, hoping to provide a precise
overview of neutrophil functions in the pathogenesis of IBD.
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Introduction

Neutrophils are the most abundant innate immune cells
in the circulation and are capable of promptly accu-
mulating in large numbers and responding to multi-
ple pathogenic signals at the sites of tissue damage.1

Neutrophils have long been considered as an initiator
in acute and chronic inflammation that are associated
with excessive immune responses and aggravate tissue
injuries. They are armed with effective immunoregula-
tory and bactericidal properties using manifold intracel-
lular and extracellular mechanisms, including reactive
oxygen species (ROS), degranulation, phagocytosis, neu-
trophil extracellular traps (NETs), recruitment and acti-
vation of other immune cells (e.g. macrophages, den-
dritic cells, natural killer cells, T and B cells).2,3 Despite
pro-inflammatory roles, neutrophils also play an essen-
tial role in protecting the host from exogenous pathogen
invasion and avoiding detrimental effects mediated by
dead or injured cells.4

Inflammatory bowel disease (IBD), encompassing
Crohn’s disease (CD) and ulcerative colitis (UC), is chronic
and idiopathic inflammatory diseases of unknown etiol-
ogy affecting the gastrointestinal tract with increasing
global prevalence.5–7 IBD is progressive and destructive,
with heterogeneous complications including abscesses,
stenoses, fistulas, extraintestinal manifestations and
colitis-associated cancer, and induced by interact-
ing genetical, environmental, microbial and immune
pathogenic factors.8,9 Several lines of evidence have
shown that intestinal mucosal T helper (Th)-related pro-
inflammatory cytokines including interferon (IFN)-γ and
tumor necrosis factor (TNF)-α, as well as Th17-derived
cytokines including interleukin (IL)-17A and IL-23, are
associated with the pathogenesis of IBD.10–13 Numerous
studies have also demonstrated that neutrophils partic-
ipate in the pathogenesis and progression of IBD. Exac-
erbated intestinal inflammation and mucosal damage in
the early phase of IBD are associated with activated neu-
trophil infiltration that further contributes to the recruit-
ment of subsequently activated immune cells.4 However,
these accumulated neutrophils in the inflamed mucosa
also phagocytose pathogenic bacteria and dysfunctional
cells, and promote mucosal restoration and resolution of
inflammation. The diversified functions of neutrophils
endow them with a fickle role in intestinal inflamma-
tion. In this review, we summarize the dichotomous roles
of neutrophils in modulating the pathogenic and repair
processes of IBD and highlight their potential therapeu-
tic application for the management of IBD.

Physiological functions of neutrophils

Neutrophils are predominant innate immune cells with
unique physiological characteristics that furnish effec-
tive immunoregulatory properties despite a short life
span. As the most abundant circulated leukocytes,
neutrophils can quickly migrate and recruit into the
inflamed tissue, and collaborate to build the first-
line defense against exogenous pathogens.14,15 Under

intestinal homeostasis conditions, multiple functions of
neutrophils including production of ROS, phagocytosis,
degranulation and release of NETs enable them to mod-
ulate innate and adaptive immune responses (Table 1).
When neutrophils encounter invading pathogens, ROS
are formed in respiratory burst by nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase that effectively
destroy pathogens, followed by phagocytosis to mini-
mize deleterious effects mediated by dying or damaged
cells.4,16 Another bactericidal weapon of neutrophils is
the affluent pool of membrane and intracellular gran-
ules that include azurophilic (primary) granules con-
taining myeloperoxidase (MPO) and defensins, specific
(secondary) granules containing cathelicidin, gelatinase
(tertiary) granules containing matrix metalloproteinase-
9 (MMP-9), and other secretory granules containing inte-
grins (Table 2).17,18

Neutrophils are capable of forming and releasing
NETs which can degrade and eradicate pathogens, and
prevent them from uncontrolled spreading.19 Once neu-
trophils arrive at the inflamed tissues, they can recruit
themselves (through CXCL-1, -2, -5 and -8) and other
immune cells including monocytes (through CCL-2, -
3 and -4), macrophages (through CCL-2, -3 and -4),
NK cells (through CCL-2, -3, -4 and CXCL-10), den-
dritic cells (through CCL-2, -4, -18, -19 and -20), and
T cells (through CXCL-9, -10, -11, -12, CCL-2, -17, -
18 and -20).20 IL-8 produced by the intestinal epithe-
lial cells (IECs) also triggers neutrophil recruitment
to the intestinal lamina propria, thus further proving
the interaction between neutrophils and other immune
cells.21 Additionally, neutrophils secrete several pro-
and anti-inflammatory cytokines including IFN-γ , TNF,
IL-4, and IL-10 in response to inflammatory signals
and pathogens associated molecular patterns (PAMPs).22

Taken together, neutrophils not only participate in the
occurrence and development of inflammation, but also
facilitate resolution of inflammation and healing of dam-
aged tissue, and ultimately maintain intestinal immune
homeostasis.

Recruitment and infiltration of
neutrophils in inflamed mucosa of IBD

Although the precise etiology and pathology of IBD
remain unclear, multifactorial pathological injury (e.g.
compromised epithelial barrier integrity) and dysregu-
lated innate and adaptive immune responses are proved
to be associated with the pathogenesis of IBD.23,24 Mas-
sive recruitment and accumulation of neutrophils are
observed in the intestinal mucosa of IBD, accompanied
with upregulated levels of protein arginine deiminase 4,
elastase, MPO and NETs in the colonic mucosa of UC
patients, even in clinical remission.4,25,26

Recruitment and infiltration of neutrophil into
inflamed mucosa of IBD are in a multifactor-dependent
manner. Increased cytokines (e.g. IL-1β, IL-6, IL-8,
IL-17, TNF-α, GM-CSF and G-CSF) and chemokines
(e.g. CXCL-1, -8 and -10) produced by neutrophils
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Table 1. The arsenal of neutrophils.

Site Item Components Functions References
Intracellular ROS Hydrogen peroxide (H2O2),

hypochlorite ion (OCl−), and
superoxide anion (O2

−)

Kill the pathogens; promote neutrophil
apoptosis

2

Degranulation Azurophilic (primary) granules: MPO,
elastase, lysozyme, defensins,
azurocidin; specific (secondary)
granules: lactoferrin, cathelicidin;
gelatinase (tertiary) granules: MMP-9;
other secretory granules: integrins

Amplify inflammatory responses;
recruit neutrophils; eliminate
microbiota; facilitate cell adhesion and
angiogenesis

103,104

Phagocytosis Receptor-mediated processes:
pattern-recognition receptors; Fcγ Rs;
complement receptors

Phagocytize pathogens and cell debris 104,105

Extracellular NETs Chromatin coated with histones,
proteases, granular and cytosolic
bactericidal proteins

Limit and kill bacterial, fungi, viruses
and parasites; promote thrombosis

3,106

Cytokines IFN-γ , TNF, L-1β, IL-4, IL-8, IL-10 and
IL-12

Pro- and anti-inflammatory 22,107

Chemokines CXCL-1-6,8-13,16; CCL-2-4,17-20 Recruit both innate and adaptive
immune cells (neutrophils, monocytes,
macrophages, DCs, NK cells and T
cells); amplify the inflammatory
immune responses

20,108–113

ROS, reactive oxygen species; MPO, myeloperoxidase; MMP-9, matrix metalloproteinase-9; Fcγ Rs, Fcγ receptors; NETs, neutrophil extracellular traps.

Table 2. Granules of neutrophils.

Granule type Granules Functions References
Primary or azurophilic
granules

MPO, elastase, lysozyme, defensins,
azurocidin, BPI, cathepsin G, proteinase
3, sialidase, β-glucuronidase

Oxidative burst; antimicrobial effect;
proteolytic effect; recruitment and
activation of other immune cells

17,18,114

Secondary or specific
granules

Lysozyme, lactoferrin, NGAL, hCAP-18,
β2-microglobulin, collagenase,
pentraxin 3

Antimicrobial effect; proteolytic effect;
modulation and suppression
inflammatory response

17,18,115

Tertiary or gelatinase
granules

Gelatinase, MMP-8, MMP-9, MMP-25,
arginase-1, leukolysin

Antimicrobial effect; tissue restoration;
mobilization of cytokines

17,18,93,99

Secretory vesicles Fcγ RIII, fMLP receptors, β2 integrins,
complement receptor 1, plasma proteins

Neutrophil chemoattraction; cell
adhesion

17,18

Membrane granules NOX2 (Gp91phox/p22phox), Mac-1
(CD11b/CD18), CD10, CD14, CD35, CD63,
CD68, CD177, G-CSFR

Host defense against invaded microbes;
neutrophil migration

16–18,87,116,117

Other proteins Alkaline phosphatase, histones,
calprotectin

Toxicity to invaded pathogens;
regulation of cell division; regression of
inflammation

17,18,118,119

BPI, bactericidal/permeability-increasing protein; NGAL, neutrophil gelatinase-associated lipocalin; hCAP-18, human 18 kDa cathelicidin antimicrobial protein; NOX2,

NADPH oxidases 2; Mac-1, Macrophage 1 antigen; G-CSFR, granulocyte colony-stimulating factor receptor.

themselves and other immune cells (e.g. IECs,
macrophages and fibroblasts) during intestinal inflam-
mation are important contributors to recruitment and
infiltration of neutrophils into the intestinal mucosa.27–30

The complement component C5a is an important
chemoattractant of neutrophils, while decreased neu-
trophil infiltration is found in the colon of C5ar−/− mice
and anti-C5a-treated wild-type mice in dextran sulphate
sodium (DSS)- or 2,4,6-trinitronitrobenzene sulfonic acid
(TNBS)-induced colitis.31,32 Additionally, an increase
of leukotriene B4 and hepoxilin A3 also promotes neu-
trophil infiltration in IBD.33,34 Moreover, neutrophils
can be recruited by bacteria-derived metabolites, such
as formyl-methionylleucyl-phenylalanine (fMLF) and
short-chain fatty acids (e.g. acetate and butyrate).35–37

Upregulated IEC-derived MMPs (e.g. MMP-3 and MMP-
7) result in enhanced migration of neutrophils by

regulating activity of chemokines (e.g. CXCL-7 and
CXCL-8) during intestinal inflammation.38,39 Intrigu-
ingly, monocyte chemotactic protein 1-induced protein 1
(MCPIP-1) is found to be highly expressed in neutrophils
of IBD patients and profoundly suppresses neutrophil
migration and neutrophil-mediated pro-inflammatory
responses via a MCPIP-1-mediated negative feed-back
loop.40 However, neutrophils are also observed to
evolve an intrinsic mechanism that restrains uncon-
trolled aggregation through G protein-coupled receptor
(GPCR)-mediated desensitization, which further allows
neutrophils to scan wider tissue areas for pathogens
during inflammation.41 Thus, despite many neutrophil
chemoattractants released by themselves, neutrophils
can also self-limit their migration and infiltration at
inflammatory state and maintain the homeostatic
regulation in gut mucosa.
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During intestinal inflammation, activated neutrophils
undergo transendothelial migration (including tether-
ing, rolling, adhesion, crawling and transmigration) and
transepithelial migration to reach the inflamed mucosa
in the stimulation of multiple chemoattractant gradi-
ents within minutes.42,43 Under physiological condi-
tions, apoptotic neutrophils in the intestinal mucosa
are phagocytosed by macrophages through efferocytosis
which prevents neutrophil lysis and dampens immune
responses.44 However, under inflammatory or infectious
conditions, the longevity of neutrophils can be extended
by a variety of inflammatory mediators such as G-
CSF, GM-CSF, component C5a, C-reactive protein (CRP),
serum amyloid A (SAA), bacterial components, and pro-
inflammatory cytokines (e.g. IL-1β, IL-6, IL-8 and IFN-
γ ). The apoptosis of neutrophils can then be delayed
which allows neutrophils to carry out more durable activ-
ities and accumulate in the gut mucosa.45–49 Accord-
ingly, orderly recruitment, activation and apoptosis of
neutrophils are indispensable for resolution of intesti-
nal inflammation, while dysfunction in any of these pro-
cedures leads to aggravating mucosal inflammation and
intestinal damage consequently.

Pathogenic roles of neutrophils in the
pathogenesis of IBD

Under conditions of gut inflammation, neutrophils
migrate from the circulation toward the intestine
mucosa and result in a robust inflammatory response,
characterized by destruction of the mucosal epithelial
barrier, dysregulated immune responses to commensal
bacteria, and defects in the resolution of the intestinal
inflammation.

Neutrophils amplify immune responses and
exacerbate intestinal mucosal damage

Given that neutrophils are capable of recruiting and
activating plentiful immune cells to participate in the
intestinal inflammation, conspiracy of these immune
cells would bring about inflammatory cascades and
epithelial damages that are associated with the devel-
opment of IBD.50 As a prominent hallmark of IBD, dys-
regulated immune response to commensal bacteria con-
tributes to the compromised epithelial barrier integrity
and chronic relapsing intestinal inflammation.51,52 Neu-
trophils equipped with manifold antimicrobial weapons
exert potent bactericidal functions to limit the dis-
semination of deleterious bacteria, but inevitably cause
tissue damage by excessive production of ROS, MPO,
MMPs, pro-inflammatory cytokines and NETs. Indeed,
proteases (e.g. proteinase 3, elastase and MMPs) released
by transepithelial neutrophils weaken the mucosal bar-
rier through disrupting adherens junctions and guiding
neutrophils into a direction of basolateral to apical, as
demonstrated in T84 (one of human intestinal epithe-
lial cells) monolayers.53 Additionally, NETs are demon-
strated to contribute to the pathogenesis of intestinal

inflammation through the impairment of mucosal bar-
rier function in mouse colitis models induced by DSS
or TNBS. NETs compromise gut mucosal permeability,
induce the apoptosis of IECs, and destroy the integrity
of adherens junctions and tight junctions which pro-
motes luminal microbial dissemination and initiation
of mucosal inflammation.54 Consistently, experimental
colitis models also prove that depletion of neutrophils
using neutralizing antibodies has been shown to ame-
liorate DSS/TNBS-induced colitis in rat and in mice.55,56

In patients with IBD, massive amounts of neutrophils
migrate to colonic epithelial crypts and form cryptitis
and crypt abscesses, which further cause damage of the
physiological architecture of crypt, leading to intestinal
mucosa injury.42

Moreover, immunoglobulin G (IgG) receptors
expressed by neutrophils also contribute to aggravated
immune responses in IBD. IgG-Fc gamma receptors
(Fcγ Rs) are associated with the pathogenesis of var-
ious IgG-dependent immune diseases, such as IBD,
rheumatoid arthritis, systemic lupus erythematosus
and systemic anaphylaxis.57,58 Neutrophils constitu-
tively express Fcγ Rs, which mainly encompass Fcγ R
I (CD64), Fcγ R II (CD32) and Fcγ R III (CD16), to facil-
itate the phagocytosis of IgG-opsonized microbiota
and drive cell activation via crosslinking of several
receptors.59 Neutrophil expression of Fcγ R I, which
is capable of recognizing and phagocytizing immune
complexes, executing antibody-dependent cytotoxicity
and triggering respiratory burst, is upregulated in adult
patients with active IBD.60,61 Soluble Fcγ R IIIb (sFcγ RIIIb)
is also increased in both CD and UC patients, with
the concentration of sFcγ RIIIb reflecting the degree
of mucosal inflammation.62 Additionally, monoclonal
antibodies against TNF have been found engaged with
Fcγ Rs. The Fc-Fcγ R interaction is required for the
therapeutic efficacy of anti-TNF in IBD. Consistently,
activated Fcγ R-deprived mice fail to effectively response
to anti-TNF therapy in T-cell transfer colitis model, while
administration of anti-TNF monoclonal antibodies with
enhanced Fc-binding affinity shows improved efficacy.63

Neutrophils undermine the resolution of
intestinal inflammation

Neutrophils are short-lived, spontaneously die in apop-
tosis after an average circulatory lifespan of approxi-
mately 3 hours for mouse cells and 16 hours for human.64

Previous study has reported that nearly 109 periph-
eral neutrophils per kg of body weight are refurbished
daily under physiological conditions.65 The engulfment
process of apoptotic neutrophils performed by phago-
cytes such as macrophages, termed as efferocytosis, pre-
vents secondary lysis and extravasation of noxious neu-
trophil granules, dampens pro-inflammatory signaling,
and ameliorates immune responses, which appears to
be crucial for maintenance of intestinal mucosal home-
ostasis and is a prerequisite for the resolution of intesti-
nal inflammation.46,66,67 Moreover, apoptotic neutrophils
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exert anti-inflammatory effects and trigger pro-resolving
responses in monocytes, macrophages and dendritic
cells.68 As described previously, the longevity of neu-
trophils can be extended by pro-inflammatory mediators
during intestinal inflammation of IBD, which allow neu-
trophils to carry out more durable activities and accu-
mulate in the gut mucosa. Given that efferocytosis of
apoptotic neutrophils is a fundamental process required
for resolution of intestinal inflammation and mainte-
nance of mucosal homeostasis, its dysregulation leads to
over-activated immune responses, excessive inflamma-
tion, and uncontrollable infection. Thus, approaches that
regulate and enhance efferocytosis can be harnessed
to combat intestinal microbial infection and mucosal
inflammatory damage.

Moreover, infiltrated neutrophils are able to uti-
lize membrane-derived microparticles to deliver active
inflammatory mediators (e.g. MPO, elastase and MMPs)
to modulate local immune responses. Specifically, MPO,
which is abundantly cumulated in neutrophil azurophilic
granules used for pathogen killing, mobilizes to the
neutrophil surface and subsequently releases within
microparticles to promote neutrophil activation and
binds to IECs, leading to potent inhibition of epithe-
lial wound healing.69 Impeding epithelial migration and
wound closure are observed in the colonic biopsy of
a wound murine experiment model through inhibi-
tion of IEC proliferation (shown by Ki67 staining) in
vivo. Another cytotoxic granule, neutrophil elastase (NE),
released by infiltrating neutrophils in situ during inflam-
matory responses, is involved in mucosal damage and
repairment in patients with UC. NE normally serves in
mucosal defense against intruding microbial pathogens,
but can also cause impediment of tissue repairment
when produced in an excessive manner. In patients with
UC, NE is observed to be cumulated in the inflamed
mucosa and undermines mucosal restitution through
suppressive effects on recombinant hepatocyte growth
factor (rHGF)-induced IEC proliferation.70 Additionally,
on reaching the intestinal epithelial surface, membrane-
derived microparticles released by neutrophils deposit
onto the apical epithelium. These microparticles con-
taining miRNAs and MMP-9 elicit destruction of epithe-
lial intercellular adhesions by cleaving desmoglein-2
(instead of E-cadherin) in a MMP-9-dependent man-
ner in vivo, leading to elevated neutrophil infiltration
and inflammation in the ligated intestinal loop murine
model.71

These data elucidate the nonnegligible roles of neu-
trophils in amplifying immune responses and prevent-
ing resolution of intestinal mucosal inflammations, con-
tributing to a persistent course of IBD.

Neutrophils participate in the thrombosis in IBD

Patients with active IBD have an elevated incidence
of microvascular thrombosis and thromboembolism
which are associated with enhanced procoagulant phos-
phatidylserine (PS) exposure on platelets (PLTs) and

increased platelet microparticles (MPs).72,73 Despite the
pathogen-killing effects of NETs, an increase of NETs in
plasma and the deposition in colon tissues are observed
in active IBD, followed by exacerbated colon tissue
damage and increased thrombotic tendency. NETs are
also found to be accumulated in DSS-induced murine
colitis model, and inhibition of NETs through DNase
administration could attenuate mucosal inflammation
as well as thrombus formation.74 Evidenced by exper-
iment results, NETs have been demonstrated to acti-
vate PLTs, which then promote coagulation via external-
izing PS and releasing procoagulant MPs in vitro. Con-
sistently, active UC-derived NETs are found to convert
human umbilical vein cells (HUVECs) to a procoagulant
phenotype due to increased PS expression.74

Dysfunctional neutrophils are associated with
therapeutic failure in UC

Accumulated neutrophils are found in inflamed colon
of UC patients with corticoid-resistance or cyclosporine
A-unresponsiveness, accompanied with high levels of
ROS, NE and uncontrolled T cell proliferation,75,76 indi-
cating that increased neutrophil infiltration may be asso-
ciated with the therapeutic failure in UC patients. The
enrichment of twist-1 has been found in neutrophils iso-
lated from inflamed colon of UC patients with corticoid-
resistance, which interacts with glucocorticoid recep-
tor α to attenuate the effects of steroids on regulating
neutrophil activities. Moreover, the inhibition of twist-
1 can block neutrophil-mediated corticoid-resistance in
colitis mice and restore sensitivity to steroid therapy in
the colon.75 Another therapeutic approach in the treat-
ment of UC patients, cyclosporine A, can robustly induce
effective clinical remission in severe steroid-refractory
UC.77 However, the rate of short-term nonresponse to
cyclosporine A is approximately 29%, and neutrophils are
proved to be associated with the nullity of cyclosporine A
therapy.76,78 Cyclosporine A is observed to suppress the
migration and the apoptosis of neutrophils in response
group, dampens release of IL-8, ROS and antimicrobial
peptides in neutrophils, and transforms the neutrophil
from a pro-activated status to a prolonged, pro-glycolytic
and quiescent status, thereby driving the resolution of
gut inflammation.76

Neutrophil dysfunction contributes to intestinal
mucosal inflammation

Although most studies have shown that neutrophils
accumulate and overact in the intestinal mucosa
of patients with IBD, there is considerable evidence
demonstrating the association between defective neu-
trophil function and intestinal inflammation. For exam-
ple, defective superoxide generation and phagocy-
tosis are found in neutrophils from patients with
IBD,79,80 which thus contribute to reduced clearance
of intestinal pathogens and exacerbated lymphocyte-
mediated immune response.81 Furthermore, neutrophil
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dysfunction appears to be associated with compromised
macrophage properties including decreased production
of pro-inflammatory cytokines (e.g. GCSF, IL-6, IFN-γ and
TNF-α) and neutrophil chemoattractants in CD, which
further dampen neutrophil functions.82,83 Accumulated
neutrophils at the sites of microbial infection show
markedly impaired clearance of bacteria in CD. Impaired
accumulation of neutrophils was observed in trauma-
tized rectal mucosa from eight patients with CD (79%
reduction, n = 8, P = 0.0003) compared to healthy indi-
viduals. Consistently, low frequency of IL-8-positive cells
was observed in CD patients (63% reduction, n = 8,
P = 0.003). Further, IL-8 production by macrophages from
CD patients was significantly reduced (38% reduction,
n = 50, P < 0.0001), together with decreased production
of C5a (48% reduction, n = 41, P = 0.0005) and TNF-α
(52% reduction, n = 27, P < 0.0001). Similar defects of
neutrophil accumulation were also found in the impair-
ment applied to the ileum (57% reduction, n = 3, P = 0.05
for neutrophils; 63% reduction, n = 3, P = 0.05 for IL-8-
positive cells).83 These findings indicate that decreased
neutrophil accumulation and IL-8 secretion at the sites of
acute inflammation in the intestinal mucosa, indicative
of abnormal neutrophil response, are associated with
persistent tissue damage in CD. Moreover, intruding bac-
teria may remain in the mucosal tissues due to subopti-
mal destruction by neutrophils, and are then phagocy-
tized by macrophages instead.

Taken together, accumulating lines of evidence high-
light a pathogenic role of neutrophils in the destruc-
tion of epithelial barrier integrity, aberrant immune
responses to microbiota, development of the intesti-
nal inflammation, and therapeutic failure of IBD. It also
manifests that both hyperactivation and functional defi-
ciency of neutrophils contribute to pathological intesti-
nal inflammation, which emphasizes the multiple roles
of neutrophils in intestinal inflammatory diseases.

Restorative roles of neutrophils in tissue
repair of IBD

In addition to fueling inflammation response by ROS,
cytotoxic intracellular granular contents (e.g. MPO,
defensins, lysozyme, elastase, proteases and hydro-
lases), and NETs, neutrophils also have the healing
potential to exert restorative actions including eliminat-
ing microbe translocation, facilitating angiogenesis and
aiding in the resolution of mucosal wounds.

Neutrophils eliminate microbial invasion

Contrary to previously referred animal experiments,55,56

neutrophil depletion in vivo aggravates both experi-
mental acute colitis in mice induced by dinitroben-
zene sulfonic acid (DNBS) or DSS and chronic coli-
tis in severe combined immunodeficient mice recon-
stituted with CD4+CD45RBhigh T cells, and enhances
translocation of microbes in colitic mice, indicative of

a beneficial role of neutrophils during the intestinal
inflammation.84–86 The characteristics of rapid mobiliza-
tion and chemoattract endow neutrophils with profound
bactericidal capacity after effective recognition and cap-
ture of invading microbes. Especially, a unique subset
of neutrophils, CD177+ neutrophils, are capable of pro-
ducing higher levels of IL-22 and transforming growth
factor (TGF)-β to promote tissue healing, and dampen-
ing the production of pro-inflammatory cytokines (e.g.
IL-6, IL-17A and IFN-γ ) to restrain the inflammatory
responses compared with CD177− neutrophils. More-
over, functionally activated CD177+ neutrophils exhibit
increased bactericidal activities (e.g. ROS, antimicrobial
peptides and NETs) which demonstrate its protective role
in modulating intestinal mucosal inflammation.87 Dys-
functional neutrophils in the intestinal mucosa under
massive bacterial invasion promote the susceptibility
to disease, suggesting a dominant role of the require-
ment of neutrophils in preventing bacterial reproduc-
tion in gut mucosa.88 The intestinal inflammation in IBD
patients is characterized by mucosal damage, increased
epithelial permeability, intrusion of commensal micro-
biota into the subepithelial space or lamina propria and
exceeded infiltration of neutrophils. Removal of dead
cells and microbiota by neutrophil phagocytic activity
contributes to clear the area for mucosal barrier remod-
eling which is a prerequisite for the resolution of the
intestinal inflammation.89 Collectively, these data indi-
cate that neutrophils play a key role in manipulat-
ing intestinal bacterial homeostasis and regulating the
inflammatory response, which are tightly modulated by
limiting excess translocation of commensal microbes
and fighting against invasion by bacterial pathogens
under conditions of inflammatory diseases.

Neutrophils promote angiogenesis in gut mucosa

Angiogenesis mediated by multiple factors is funda-
mental to restoration of damaged epithelia in IBD. Vas-
cular endothelial growth factor A (VEGF-A) as one of
major proangiogenic factors triggers angiogenic activi-
ties of human intestinal microvascular endothelial cells
(HIMECs) via VEGF receptor 2 (VEGFR-2) in vitro and
facilitates neutrophil adherence to intestinal endothe-
lium through intercellular adhesion molecule-1 (ICAM-
1) in vivo.90 Furthermore, it is reported that CD11b+/Gr-
1+CXCR4high neutrophils, a proangiogenic circulating
neutrophil subset, are recruited by VEGF-A and CXCL-
12 and release additional effector protein MMP-9 to
augment the initiation of angiogenesis after inflamma-
tory tissue damage.91–93 Noteworthily, only neutrophil-
derived MMP-9 at metalloproteinases (TIMP)-free sta-
tus owns proangiogenic capacity and serves as unique
proangiogenic molecule at the sites of inflammation.93

These findings prove that infiltrated neutrophils deliver
potent proangiogenic mediators and promote angiogen-
esis during intestinal inflammation.
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Figure 1. The ‘yin’ and ‘yang’ of neutrophil functions in the pathogenesis of IBD. Neutrophils not only participate in the mucosal injury, aberrant
responses to icrobiota, extensive intestinal inflammation, and therapeutic failure in IBD, but also play an important role in the elimination of
pathogens, angiogenesis and wound healing, which is a prerequisite for the restoration of intestinal inflammation. All this knowledge elucidates
the beneficial and deleterious roles of neutrophils in the pathogenesis of IBD.

Neutrophils promote tissue restoration

One of primary effects of neutrophils is eliminating
microbial intrusion at the sites of mucosal injuries, but
they also function to restore damaged tissue during
wound healing. Specific pathological characteristic of
IBD is the immoderate inflammatory responses followed
by the persistence of mucosal epithelial injuries. At the
sites of injuries, neutrophils initiate healing program via
direct effects not only on angiogenesis but also on cell
proliferation. During the acute inflammatory phase, neu-
trophils play a critical role in cleansing damaged tis-
sue by eliminating exogenous bacterial pathogens, and
contributing to the production of growth factors, such
as VEGF-A,94 and lipid mediators, including resolvins,
lipoxins and protectins, which promote wound heal-
ing.95–97 Moreover, accumulated neutrophils bind to the
apical epithelium through the interaction with increased
expression of ICAM-1 under inflammatory conditions,
which results in reduced neutrophil apoptosis, increased
IEC proliferation and accelerated wound healing via Akt
and β-catenin signaling.98

The functions of neutrophils, including bactericidal
actions, angiogenesis and tissue restoration, are tightly
relevant to healing mucosal wounds secondary to aber-
rant inflammatory responses and the restoration of
intestinal homeostasis.

Regulation of neutrophil functions and
the therapeutic prospects in IBD

It is well accepted that neutrophils exert potent effects
on recruitment and activation of crucial immune cells

involved in intestinal inflammation. On the other hand,
several cytokines and chemokines produced by IECs
and other immune cell types during intestinal inflam-
mation also tightly regulate neutrophil migration and
functions. For example, IL-8, an effective chemoattrac-
tant of neutrophils produced by IECs, promotes infil-
tration of neutrophils from lamina propria to epithe-
lium.21 Moreover, classic neutrophil chemoattractants
(e.g. CXCL-1, CXCL-8, CXCL-10, GM-CSF, G-CSF, IL-1β, IL-
6 and TNF-α) produced by different cell types, such as
macrophages, IECs and fibroblasts, have been shown
to contribute to neutrophil recruitment and activation.
However, non-classical chemoattractants of neutrophils
such as growth-regulated oncogene-α (GRO-α) have also
been demonstrated to be essential for neutrophil recruit-
ment during intestinal inflammation.99

As highlighted above, neutrophils comprise a vital
component of innate immune system and are equipped
with sufficient bactericidal weapons to defend against
invading microbiota. However, microbial ingredients
such as lipopoproteins, lipopolysaccharide, and var-
ious metabolites, also have potent effects on neu-
trophils and other multiple intestinal cell types (e.g.
IECs, Paneth cells, goblet cells, enteroendocrine cells,
myofibroblasts, macrophages, monocytes, dendritic cells
and T cells) and subsequently trigger a multitude of
Toll and Nod-like receptor-mediated responses, partic-
ipating in both the maintenance of intestinal mucosal
homeostasis and development of pathological intesti-
nal inflammation.100,101 Bacteria also produce metabo-
lites capable of directly recruiting and activating neu-
trophils, such as fMLF and short chain fatty acids (SCFAs).
The peptide fMLF owns potent chemoattractant effect
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on neutrophils, and increased expression of its recep-
tor (i.e. N-formyl peptide receptor) is observed in CD
patients.35 Microbial metabolites are capable of modu-
lating intestinal immune responses and homeostasis.
Microbial metabolites butyrate belongs to SCFAs and
inhibits activated neutrophils isolated from IBD patients
to produce pro-inflammatory cytokines, ROS, MPO and
calprotectin in a histone deacetylase inhibitors (HDACi)-
dependent manner. Butyrate also suppresses the for-
mation of NETs and migration of neutrophils isolated
from both CD and UC patients in vitro. Consistently, in
vivo experiments also demonstrate that oral adminis-
tration of butyrate alleviates mucosal inflammation in
DSS-induced colitic mice through restricting neutrophil-
associated immune responses such as production of pro-
inflammatory cytokines and NET formation.102

Taken together, these findings highlight crucial roles
for inflammatory mediators from other cell types and
microbiota-derived products in manipulating neutrophil
infiltration and function during intestinal inflammation
through inflammatory mediators such as cytokines and
chemokines, indicative of synergistic roles of various
cell types in modulating neutrophil properties to fur-
ther affect the onset and resolution of intestinal inflam-
mation in IBD. Thus, combined with the previously
described facts that neutrophil dysfunction is involved
in the therapeutic failure of UC, approaches to regu-
late neutrophil dynamics (e.g. migration and infiltra-
tion towards the inflamed mucosa) and functions (e.g.
release of ROS, phagocytosis, degranulation and forma-
tion of NETs) may provide a novel approach for treatment
of IBD.

Conclusions and future perspectives

Although the understanding of immune regulation and
immune response of neutrophils has gained great
improvement during gut inflammation, especially in
human IBD, the beneficial and detrimental roles of neu-
trophils remain controversial. Indeed, neutrophils are
critical for the maintenance of mucosal homeostasis.
It is also well known that neutrophils act as a double-
edged sword by not only contributing to the restoration
of mucosal inflammatory damage through the clearance
of detrimental pathogens and the promotion of mucosal
wound healing, but also participating in the excessive
immune response and the extensive intestinal mucosal
inflammation, owing to the release of toxic granules and
massive transepithelial infiltration (Fig. 1). The contra-
dictory ‘yin’ and ‘yang’ of neutrophil functions in the
pathogenesis of IBD are manipulated by complex param-
eters involved in the migration, activation, immunoreg-
ulatory functions and apoptosis processes. Thus, better
understanding of neutrophil properties in IBD will be
crucial to uncover potential targets exploited in disease
etiology and provide new insights for orchestrating neu-
trophil functions to counterbalance intestinal inflamma-
tion.
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