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Role of Neutrophils in Psoriasis
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Psoriasis is a common inflammatory disease that can involve the skin, joints, or both. The abnormalities of innate immunity play
crucial roles in the pathogenesis of psoriasis. Neutrophils are the most abundant leukocytes in the circulation. Emerging evidences
have demonstrated that neutrophils may play a role in autoimmune diseases. The neutrophil-to-lymphocyte ratio (NLR), the
activity of neutrophils, and the number of NETotic cells were significantly higher in psoriasis patients compared to healthy
controls. The number of low-density granulocytes (LDGs) in the blood of psoriasis patients was significantly higher than
those in the control blood. Furthermore, neutrophils may play important roles in the cardiovascular risk in psoriasis.
However, the exact role of neutrophils in psoriasis remains unclear. In this review, we highlight the role of neutrophils in
the pathogenesis of psoriasis.

1. Introduction

Psoriasis is a chronic, immune-mediated disorder. The devel-
opment of psoriasis is attributed to disruptions of the epithe-
lial or immunologic systems, triggered by genetic and
environmental factors. [1] The pathogenesis of psoriasis is
multifactorial and remains incompletely elucidated. Recent
studies have indicated that patients with psoriasis have pro-
found innate immunity disruption, which may play a crucial
part in the pathogenesis of the disease. [2, 3] Functional
abnormalities in keratinocytes, dendritic cells (DCs), and
other components of the innate immune system have been
identified in patients with psoriasis. [3] Neutrophils are cru-
cial responders of the innate immune response, but the role
played by neutrophils in psoriasis has not been well charac-
terized. This review will discuss normal neutrophil biology
and the current understanding of the role and potential
mechanisms of neutrophils in psoriasis (Figure 1).

2. The Function of Neutrophils

Neutrophils are the most abundant leukocytes in the circula-
tion and the first cells recruited to sites of infection or inflam-

mation. Neutrophils in the circulation are considered to be
short-lived cells that undergo constitutive apoptosis after
only 24 hours. [4] The migration of neutrophils from the
circulation into tissues is a multistep process that involves
rolling along the vascular endothelium, adhesion to endo-
thelial cells, extravasation through vascular endothelium, and
migration towards inflammatory foci. [4, 5] Neutrophilic
clearance of microbes occurs by several processes including
phagocytosis, degranulation responses, generation of reactive
oxygen species (ROS), and the formation of neutrophil extra-
cellular traps (NETs). [6]

Granules are essential for neutrophils to fulfill their role
in innate immunity. After activation of neutrophils, granules
can release their contents into the immediate microenviron-
ment. [7] There are three types of granules in neutrophils, as
follows: (1) azurophilic granules are reservoirs of antimicro-
bial compounds, including myeloperoxidase (MPO), defen-
sins, lysozyme, bactericidal/permeability-increasing protein,
neutrophil elastase (NE), and cathepsin G [8]; (2) secondary
granules are characterized by glycoprotein lactoferrin, includ-
ing NGAL and hCAP-18 [9]; and (3) gelatinase granules,
which are considered to be the site of storage of metallopro-
teases such as gelatinase and leukolysin. [10] In response to
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infections, neutrophils can lead to the destruction of patho-
gens through the release of reactive oxygen species (ROS;
by MPO and NADPH oxidase activity) and reactive nitrogen
species (RNS; by nitric oxide synthase (NOS)). [11, 12]
Despite their beneficial role against pathogens, chronic or
uncontrolled ROS production can contribute to lipid mem-
brane damage, DNA damage, and genetic instability. [11,
13] Neutrophil extracellular traps (NETs), which are gener-
ated by activated neutrophils, play crucial roles in the innate
immune system. [14] NETs are composed of cell-free DNA,
histones, antimicrobial proteins, danger molecules, and auto-
antigens [14, 15] and play vital roles in the control of bacte-
rial, viral, fungal, and parasitic infections. [14, 16] Previous
studies have demonstrated that neutrophils contribute to
the onset of several autoimmune and inflammatory diseases,
such as systemic lupus erythematosus (SLE), [17] rheuma-
toid arthritis (RA), [4] inflammatory bowel diseases, athero-
sclerosis, and others. [12]

3. The Function of Neutrophils in Psoriasis

CD62L, CD11b, and CD66b can be used as markers of neu-
trophil activity. CD62L can be cleaved from activated neutro-
phils. The expression of CD62L on neutrophils from severely
psoriatic patients was lower than those from moderately
psoriatic individuals and normal healthy controls, whereas
neutrophils from psoriasis patients who received biologic
treatments (infliximab or ustekinumab) had normal CD62L
levels. Expression of CD11b and CD66b was increased in
activated neutrophils. It has been shown that CD11b and
CD66b were higher in severe psoriasis patients than moder-
ately psoriatic patients and normal healthy controls, while
neutrophils from psoriasis patients receiving biologic treat-
ment (infliximab or ustekinumab) had normal CD11b and
CD66b levels. [18] This study indicated that there might
be increased neutrophil activity in psoriasis. Thy-1 is an
adhesion molecule and is strongly expressed on endothelial
cells (ECs) in psoriatic lesions. Compared with polymor-
phonuclear cells from healthy controls, polymorphonuclear

cells derived from psoriasis patients have a stronger ability
to adhere to Thy-1 and can be decreased by standard pso-
riasis treatment. [19] However, the exact role played by
aberrant neutrophil function in the pathogenesis of psoria-
sis remains unclear.

4. Neutrophilic Leukocytosis in Psoriasis

Psoriasis is an immune-mediated disease, which is character-
ized by local and systemic inflammation. [20] The infiltration
of neutrophils into the skin can be induced by several chemo-
tactic factors, such as IL-8, NAP-2, NAP-3, and LPS. [21] In
psoriatic lesions, neutrophils infiltrate into the dermis and
epidermis and can form Kogoj or Munro’s microabscesses.
[22] Previous studies showed that IL-8 was expressed in the
majority of neutrophils in psoriatic lesions. [23]

Flaky skin mice (fsn/fsn) show neutrophil-derived micro-
abscess formation in the epidermis and hyperproliferative
inflammatory skin. [24] Depletion of neutrophils by RB6-
8C5 monoclonal antibody can significantly reduce the epi-
dermal thickness. Epidermal thickness can also be reduced
by the blocking of integrin αMβ2 (CD11b/CD18), which
mediates neutrophil localization through binding to the inter-
cellular adhesion molecule-1. [25] Leukotriene B4 (LTB4),
which was found to be upregulated in psoriatic lesions, is a
chemoattractant for neutrophils and can induce the influx
of polymorphonuclear cells into the epidermis and dermis.
[26] In imiquimod-induced psoriasis mouse model, deple-
tion of neutrophils with anti-Ly-6G antibody can ameliorate
the severity of psoriasis. Moreover, CXCR2 and LTB4 recep-
tor 1 can promote neutrophil recruitment into psoriatic skin
cooperatively. [27]

The neutrophil-to-lymphocyte ratio (NLR) has been
shown to be useful in the assessment of clinical severity and
outcomes in several chronic inflammatory diseases. [20, 28,
29] A meta-analysis conducted by Paliogiannis and col-
leagues, which include 1067 psoriasis patients and 799 healthy
controls, showed that the NLR was significantly higher in
patients with psoriasis (standardizedmean difference = 0:69,

Enhanced adherence of
neutrophils

Increased NETs

Psoriasis

Enhanced production of 
neutrophil chemotactic factor

Enhanced neutrophil activity

Increased NLR

Increased LDGs

Neutrophils may associated to
cardiovascular risk in psoriasis

Figure 1: Overview of the role of neutrophils in psoriasis. NETs: neutrophil extracellular traps; NLR: the neutrophil-to-lymphocyte ratio;
LDGs: low-density granulocytes.
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95% CI 0.53–1.85, p < 0:001). However, there were no signif-
icant differences in NLR values according to the severity of
disease (PASI < 10 or PASI > 10) [20]. After 12 weeks, there
was a significant reduction in the NLR of antibody-treated
(brodalumab and ustekinumab) psoriasis patients, compared
with the NLR of placebo patients. [30] A study performed by
Asahina et al. demonstrated that in psoriasis vulgaris
patients, the NLR-high subgroups exhibited significantly
higher PASI scores compared with the NLR-low subgroups,
and NLR also increased with increasing PASI scores. In addi-
tion, after treatment with biologics (infliximab, adalimumab,
and ustekinumab) for 12 months, patients showed a
decreased NLR in parallel with a decrease in C-reactive pro-
tein (CRP) [31]. Polat and colleagues conducted a study on
46 chronic plaque psoriasis patients and 46 healthy controls
from the Turkish population, showing that NLR was signifi-
cantly higher in chronic plaque psoriasis patients compared
with healthy controls. Moreover, PASI score was positively
correlated with NLR. [32] Taking these findings together,
studies have consistently shown increased NLR in psoriasis
patients, with the decrease in NLR after treatment represent-
ing not only a treatment effect but also a reflection of disease
activity. Thus, future investigation of the relationship
between NLR and the severity of psoriasis is warranted.

5. Low-Density Granulocytes and Psoriasis

Low-density granulocytes (LDGs) are a subset of neutrophils
and can be purified from the less dense peripheral blood
mononuclear cell (PBMC) fraction. LDGs have a strong abil-
ity to generate NETs. [33] Previous studies have revealed that
the number of LDGs in the blood of psoriasis patients was
significantly higher than in the control blood. In addition,
under conditions without any stimulation, the ability of
LDGs to form NETs was stronger than the control or psori-
atic neutrophils [34]. In a study of LDGs derived from SLE,
LDGs have similar cell surface markers but different nuclear
morphology compared with mature autologous or healthy
control neutrophils. LDGs also have an enhanced ability to
secrete TNF and type I and type II IFNs. [17, 35] However,
the role of LDGs in the pathogenesis of psoriasis requires fur-
ther study to become fully understood.

6. NETs and Psoriasis

NETosis refers to the release of NETs and can be divided into
three models. First, suicidal NETosis, which can last for 2–4 h.
After being triggered by stimuli, ROS can be induced through
the MEK-extracellular-signal-regulated kinase (ERK) signal-
ing pathway, leading to the activation of peptidyl arginase
deaminase 4 (PAD4), which is a nuclear enzyme allowing
the conversion of arginine to citrulline on histones and
decondensation of chromatin. [36] The second model of
NETosis is triggered by stimuli that can recognize toll-like
receptors (TLRs) and the complement receptor for C3 pro-
tein. Moreover, it is not dependent on ROS and the
MEK/ERK signaling pathway. The third model of NETosis
is dependent on mitochondrial ROS production, and mito-
chondrial DNA is released during the process [37]. NETs

might play a role in several diseases, such as SLE, RA, athero-
sclerosis, and cancer [36], but little is known about the role of
NETs in the pathogenesis of psoriasis.

LL-37 is an antimicrobial component of NETs, which can
also form complexes with DNA or RNA. Keratinocytes of
psoriatic lesions showed a higher level of LL-37 [3]. Plasma-
cytoid DCs (pDCs) can be activated by LL-37/DNA com-
plexes and produce type I interferons, while myeloid DCs
can be activated by LL-37/RNA complexes and produce
TNF-α and IL-6 [38, 39]. Neutrophil elastase (NE) and secre-
tory leukocyte proteinase inhibitor (SLPI), which can pro-
mote the secretion of type I interferons by pDCs, can be
found in NETs. Furthermore, SLPI+ neutrophils and NETs
can be found colocalized with pDCs in psoriatic skin [40].

Using fluorescent microscopy, Hu et al. showed that
there were higher numbers of NETotic cells in the peripheral
blood of psoriasis patients than in healthy controls and
patients with eczema. The number of NETs in the peripheral
blood of psoriatic patients was also correlated with disease
severity. In addition, NETs were observed in the majority
(18/20) of psoriasis skin specimens, while NETs were not
seen in lesions of patients with eczema (0/20). Using immu-
nohistochemical analysis, β-defensin-2 (HBD-2) was found
to be higher in psoriasis lesional skin than normal skin and
eczema lesional skin. Furthermore, NETs can induce the
expression of HBD-2 mRNA and protein in keratinocytes
[41]. The findings indicate that there was a higher number
of NETs in psoriasis patients and that NETs may correlate
with disease severity in these patients. Future studies should
confirm these findings, then assess the exact role that NETs
play in the initiation and maintenance of psoriasis.

7. Association between Neutrophils and
Cardiovascular Risk in Psoriasis

Epidemiological studies have shown that psoriasis is a risk
factor for major adverse cardiovascular events and cardiovas-
cular mortality [42]. Common inflammatory pathways may
contribute to this interaction, and this hypothesis is con-
firmed by the finding that improvement in disease severity
of psoriasis was associated with reduced aortic vascular
inflammation and coronary plaque burden [43]. However,
the exact mechanisms are still unknown [42, 44].

Previous studies have reported that pulse wave velocity
(PWV), augmentation index (AIx), NLR, and heart rate were
higher in psoriasis patients compared with healthy controls.
In addition, after stratification by heart rate, PWV and AIx
were significantly associated with psoriasis. The study also
indicated that NLR may be related to vascular dysfunction
in psoriasis patients [45]. Consistent with this, Yurtdas
et al. have demonstrated that psoriasis patients had higher
NLR and high-sensitivity CRP compared with controls.
Lower aortic velocity propagation (AVP) and higher carotid
intima-media thickness (CIMT) values were found in psori-
asis patients. In addition, lower AVP and higher CIMT
values can be predicted by NLR. This study is a reminder that
NLR may be a predictor of subclinical atherosclerosis in
patients with psoriasis [46].
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Arterial inflammation, which is measured using average
aortic target-to-background ratio (TBR) using FDG PET/CT,
was increased in psoriatic patients compared with controls,
and there was also a positive association between PASI score
and aortic TBR. Additionally, the levels of S100A8/A9 and
neutrophil elastase-1 were elevated in the serum of psoriasis
patients. CD16 and CD62L, which can be cleaved from acti-
vated leukocytes, were decreased on the surface of neutro-
phils from psoriasis patients. This study suggested that
neutrophils may be activated in psoriasis [47].

The KC-Tie2 mouse is a keratinocyte-specific, Tie2-
overexpressing psoriasis model with cutaneous expression
of IL-23 and IL-17A. After treatment with antibodies target-
ing IL-23, IL-17A, or IL-17RA, the KC-Tie2 mouse showed a
significant improvement in skin inflammation and length-
ened occlusive thrombus formation time. The alleviation of
skin inflammation paralleled decreasing numbers of splenic
neutrophils (CD11b+, Ly6G+) [48].

8. Neutrophils and IL-17A

Neutrophils are the major source of IL-17A in psoriatic skin
lesions [49]. IL-17 can promote the expression of HBD-2,
S100A7, S100A8, S100A9, and LL37 by keratinocytes. Secu-
kinumab targets IL-17A. In psoriasis patients, clinical
responses to secukinumab were associated with clearance of
cutaneous neutrophils and reduction of IL-17-inducible neu-
trophil chemoattractants derived from keratinocytes, such as
CXCL1 and CXCL8 [50]. It was suggested that there may be
crosstalk between neutrophils and keratinocytes which
involved neutrophil-derived IL-17 in psoriasis. IL-17E in
lesional psoriatic skin was produced by keratinocytes and
correlated with the number of neutrophils [51]. In K14-IL-
17Aind/+ mice, blocking of IL-6 reduced IL-17A-induced
neutrophil microabscess formation in the epidermis [52].
Psoriatic keratinocytes were more efficient than healthy ker-
atinocytes in increasing the lifespan of neutrophils and pro-
moting the production of superoxidation of neutrophils [53].

Using K14-IL-17Aind/+ mice, Karbach and colleagues
showed that impaired vascular function, increased ROS for-
mation, endothelial dysfunction, and arterial hypertension
driven by MPO+ cells can be induced by the overexpression
of IL-17A in keratinocytes. In addition, blocking of TNF-α or
IL-6 can attenuate skin manifestation and vascular pheno-
type of K14-IL-17Aind/+ mice [54].

K14-IL-17Aind/+ mice can suffer from an early-onset
severe psoriasis-like phenotype, while homozygous CD11c-
IL-17Aind/ind and heterozygous CD11c-IL-17Aind/+ mice
demonstrate delayed onset of moderate psoriasis-like skin
disease. Blocking of IL-17A cannot improve skin and vascu-
lar disease in K14-IL-17Aind/+ mice but can improve skin
lesions and vascular dysfunction in CD11c-IL-17Aind/ind

mice. Imiquimod-induced psoriasis-like skin inflammation
can be significantly attenuated by anti-IL-17A treatment,
whereas this psoriasis model has no vascular dysfunction.
Blocking of IL-17A can downregulate oxidative stress levels,
proinflammatory cytokines, and vascular inflammation
[55]. This study indicated that IL-17A might be a link
between vascular disease and psoriasis. In conclusion, neu-

trophils may play a role in the cardiovascular risk of psoriasis
patients, but more studies are needed to fully elucidate the
mechanism.

9. Conclusions

Neutrophils play a crucial role in the development of psoriasis.
Aberrant function, phenotype, and number of neutrophils
are found in psoriatic patients. NETosis may contribute to
the dysfunction of the innate immunity in psoriasis patients
and warrants further investigation. The current knowledge
of LDGs in psoriasis is limited, but worthy of study. IL-17
is an important cytokine in the pathogenesis of psoriasis
and may have a negative effect on cardiovascular risk and
vascular function in psoriatic patients. Further studies to bet-
ter elucidate the role of neutrophils and the underlying
mechanisms are therefore necessary.
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