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Abstract

Although neutrophils are considered a histologic hallmark of psoriasis, their pathophysiologic role 

in psoriasis remains unclear. We characterized the effects of neutrophil depletion via injection of 

monoclonal antibody 1A8 on the development of imiquimod (IMQ)-induced psoriatic lesions in a 

murine model. Lesions were followed with photographs and histologic analysis, revealing reduced 

psoriasiform scale and epidermal hyperplasia in neutrophil-depleted. ELISA and flow cytometry 

were used to determine relative levels of cytokines and immune cells. Compared to controls, IMQ-

treated neutropenic mice had significantly lower levels of macrophages in tissue samples (P<0.05) 

and displayed significantly lower numbers of CD4+ T-cells (P<0.05). Neutropenic animals 

exhibited lower levels of TNF-α, IFN-γ, and IL-1β than controls (P<0.05). These results show 

that neutropenia reduces the development of psoriasiform skin lesions and substantially decreases 

infiltration of pro-inflammatory cytokines and immune cells to IMQ-induced cutaneous lesions, 

suggesting an active role of neutrophils in maintaining inflammation in psoriasis.
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INTRODUCTION

Psoriasis is a chronic autoimmune disorder affecting approximately 2% of the global 

population [1]. Although mainly considered a dermatologic condition, psoriasis is associated 

with important systemic and psychological comorbidities, including psoriatic arthritis, 

cardiovascular disease, and inflammatory bowel disease [2–5], and has significant effects on 

patient morbidity and mortality. The pathophysiology of psoriasis is poorly understood. 

Historically, evidence has suggested that psoriasis is a T helper 1 (Th1)-driven disease [6–8]. 

However, recent studies have demonstrated a complex immunologic milieu in psoriatic 

lesions consisting of interrelated cytokine pathways including TNF-α, IL-17, and IL-23 [9, 

10], which have recently become central targets for therapeutic intervention.

Neutrophils play an important role in early control of acute bacterial infections by killing 

bacteria through powerful oxidative and non-oxidative mechanisms and production of 

proinflammatory cytokines [11]. However, prolonged presence of neutrophils in tissue may 

result in collateral damage due to excessive production of reactive oxygen species [12, 13]. 

In psoriasis, neutrophils are considered a histologic hallmark and marker of disease activity 

[14, 15]. Though the role of neutrophils in modulating the psoriatic phenotype remains 

unclear, they are present in early psoriatic lesions [16], specifically recruited in the setting of 

psoriasis by IL-8 [17]. Furthermore, neutrophils contribute to the psoriatic lesion 

immunologic milieu by secreting IL-1β, thereby stimulating keratinocyte production of 

IL-19 [18], a component of the IL-17/IL-23 pathways [19]. Neutrophils are also a major 

cellular source of IL-17 in psoriatic lesions [20–22], triggering keratinocyte hyperplasia and 

amplification of the inflammatory response by generating this key inflammatory cytokine in 

the pathogenesis of psoriasis [21].

Imiquimod (IMQ)-induced psoriasiform lesions in mouse models appear to hinge on the 

IL-23/IL-17 axis [23], a critical pathway in human patients with psoriasis [10]. Ly-6G is a 

small protein on the surface of mouse neutrophils that plays a critical role in the neutrophil 

response to chemotactic stimuli. Blockade of Ly-6G with the monoclonal antibody (mAb) 

1A8 depletes neutrophils in mice [24]. Mab 1A8-induced murine neutropenia can be utilized 

to understand the impact of specific inhibition of the neutrophil response and its role in 

stimulating/inhibiting the action of other immune cell mediators, as well as their effector 

molecules such as proinflammatory cytokines. Therefore, we hypothesized that depletion of 

neutrophils would attenuate the severity of IMQ-induced psoriatic lesions in an experimental 

murine model. We showed that neutrophil depletion reduces IMQ-mediated psoriasis by 

altering the host immune response. Our findings provide additional data on the impact of 

neutrophils in promoting psoriatic disease, rendering these leukocytes an important target, 

which may lead to the development of more effective therapeutic strategies.

MATERIALS AND METHODS

Psoriatic murine model and treatment.

Female Balb/c mice (6–8 weeks; Charles Rivers) were first injected intraperitoneally (i.p.) 

with a single dose of 500 μg/mL of mAb 1A8 (Rat anti-mouse IgG2a; (BD) in a 100 μL of 

sterile phosphate buffer saline (PBS). Control animals were injected with irrelevant IgG2a 
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antibody (control IgG2a; Southern Biotech). Three days after mAb administration, mice 

were retro-orbitally bled and neutrophil depletion was first determined by differential 

leukocyte count in all experimental animals using a Hema 3 Stat Pack (Fisher HealthCare) 

and light microscopy and confirmed using flow cytometry. The next day, mAb 1A8 or IgG2a 

injected rodents were anesthetized with 100 mg/kg ketamine (Keta-set®) and 10 mg/kg 

xylazine (Anased®), the hair on their backs removed, and the skin disinfected with 70% 

ethanol. Each mouse received a daily topical dose (62.5 mg) of IMQ (5%; Aldara; 3M 

Pharmaceuticals) cream formulation on the hairless area. Animals were euthanized 3, 5, and 

7 days post-IMQ administration and tissues were collected to determine changes in 

inflammation. All animal studies were conducted according to the experimental practices 

and standards approved by the Institutional Animal Care and Use Committee (IACUC) at 

NYIT College of Osteopathic Medicine (Protocol #: 2016-LRM-01). The IACUC at NYIT 

College of Osteopathic Medicine approved this study.

Histological processing and gross examination.

At day 7 post-treatment, cutaneous tissues were excised from euthanized mice; the tissues 

were fixed in 10% formalin and embedded in paraffin. Four micrometer vertical sections 

were cut and then fixed to glass slides and subjected to Haematoxylin and Eosin (H&E) to 

assess morphology. The slides were visualized using an Axiovert 200 M inverted microscope 

(Carl Zeiss) at a magnification of ×40. Images were collected using an AxioCam MrC 

digital camera using Zen 2011 digital imaging software (Carl Zeiss).

Flow cytometry.

Flow cytometry was performed on primary cells from cutaneous tissue excised from 

untreated and IMQ-treated mice on days 3, 5, and 7. Two mm of skin tissue were weighted 

and homogenized in 5 mL of digestion medium (0.385 mg/mL of Liberase TL; Roche; in 

DMEM; Gibco) in a 15 mL conical tube. The homogenates were then incubated in a 37°C 

water bath for 1 h. Cell suspension preparations were centrifuged at 300g for 5 min at 4°C. 

After centrifugation, the supernatant was discarded, the cell pellet re-suspended in PBS 

supplemented with 1% bovine serum albumin (Fisher), passed through a 70 μm strainer, and 

centrifuged as described above and washed twice in PBS (1% BSA). Finally, the cell pellet 

was re-suspended in buffer and the suspension was filtered through a 30 μm filter. For flow 

cytometry, primary murine blood and skin cells were washed with PBS (1% BSA) and 

stained with rat anti-mouse fluorescence-labeled antibodies (BD), including FITC-Ly-6G 

(neutrophils), PE-F4/80 (macrophages), and APC-CD4 (CD4 T-cells). Samples were 

processed (10,000 events per sample) on a BD Accuri C6 flow cytometer, and the number of 

Ly-6G, F4/80, and CD4 positive cells was analyzed using BD FCS Express software.

Cytokine determinations.

Three mice per group were sacrificed 3, 5, and 7 days post-topical treatment with or without 

IMQ. Tissues were excised and homogenized in PBS with protease inhibitors (Roche). Cell 

debris was removed from homogenates by centrifugation at 6,000 g for 10 min. Supernatants 

were stored at –80°C until tested. Samples were tested for IFN-γ, TNF-α, IL-1β, IL-4, IL-6, 

and IL-10 by ELISA (BD). The limits of detection were 31.3 pg/mL for IFN-γ and IL-10, 

15.6 pg/mL for TNF-α, IL-1β, and IL-6, and 7.8 pg/mL for IL-4.
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Statistical analysis.

All data were subjected to statistical analysis using Prism 7.0 (GraphPad). P values for 

individual comparisons were calculated by student’s t-test analysis. P values of <0.05 were 

considered significant.

RESULTS

Administration of mAb 1A8 decreases the formation of psoriatic lesions.

In psoriasis and its IMQ-induced mouse model, infiltration of neutrophils and inflammatory 

monocytes can be clearly observed in the skin [18]. Therefore, we investigated the role of 

neutrophils in the generation of psoriatic lesions in Balb/c mice after daily topical treatment 

with IMQ (Fig. 1). Gross anatomical examination demonstrated that neutropenic mice 

treated with IMQ (mAb 1A8 + IMQ; Fig. 1A; upper right panel) for 7 days exhibited 

reduced psoriasiform scale compared to control animals (control mAb + IMQ; Fig. 1A; 

upper left panel). Histopathological analysis revealed substantial psoriasiform epidermal 

hyperplasia and parakeratosis with neutrophil infiltration in control mAb + IMQ mice (Fig. 

1B; lower left panel). MAb 1A8 + IMQ rodents displayed considerably less inflammation, 

with mostly normal epidermal and dermal tissue (Fig. 1B; lower right panel). Our results 

indicate that neutrophils play an important role in the development of psoriatic lesions in the 

IMQ-induced mouse model.

MAb 1A8 administration reduces inflammatory cell infiltration to IMQ-induced lesions.

Since we observed that neutrophils are involved in regulatory networks underlying the 

pathophysiology of psoriasis, we determined the effect of mAb 1A8 administration on the 

longterm recruitment of neutrophils (Ly6-G+), macrophages (F4/80+), and helper T-cells 

(CD4+) to IMQ-induced lesional skin using flow cytometry (Fig. 2). As expected, we found 

reduced numbers of Ly6-G+ cells in mAb 1A8 + IMQ mice on days 3, 5, and 7 (P<0.05) 

(Fig. 2A). Similarly, we did not observe any difference in the infiltration of F4/80+ in the 

skin of mAb 1A8 + IMQ or control mAb + IMQ mice excised 3 days post-treatment. 

However, in tissue samples extracted on days 5 and 7 post-treatment, we found that mAb 

1A8 + IMQ mice had significantly lower recruitment of F4/80+ cells relative to tissue in 

control animals (P<0.05) (Fig. 2B). Finally, mAb 1A8 + IMQ mice displayed significantly 

lower numbers of CD4+ cells in excised tissue on days 3 and 5 post-treatment compared to 

control mAb + IMQ mice (P<0.05) (Fig. 2C). These findings indicate that mAb 1A8 

administration decreases cellular infiltration to cutaneous tissue, which may help explain the 

reduced development of psoriaform skin lesions in IMQ-treated animals.

Injection of mAb 1A8 alters the pro- and anti-inflammatory cytokine levels in the skin.

Upon activation, neutrophils release inflammatory mediators that are important in 

modulating the immune response in psoriatic lesions [21]. We investigated the impact of 

neutrophil depletion on the progression of pro- and anti-inflammatory cytokine production 

in IMQ-induced lesions on days 3, 5, and 7 post-treatment (Fig. 3). On day 3, we observed a 

significant reduction in proinflammatory TNF-α and IL-6 and anti-inflammatory IL-4 in 

mAb 1A8 + IMQ mice (P<0.05). In contrast, we found a significant increase in anti-
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inflammatory IL-10 in mAb 1A8 + IMQ mice relative to control animals (P<0.05). Control 

mAb + IMQ and mAb 1A8 + IMQ mice showed no differences in IFN-γ and IL-1β levels in 

cutaneous tissue. On day 5, mAb 1A8 + IMQ mice evinced a significant reduction in the 

production of all the tested cytokines in skin tissue compared to control rodents (P<0.05), 

with the exception of IFN-γ. On day 7, mAb 1A8injected animals exhibited lower levels of 

TNF-α, IFN-γ, IL-1β, and IL-10, and higher levels of IL-4 than control mAb + IMQ mice 

(P<0.05). However, there were no differences in the production of IL-6 in skin tissue of 

animals in the control mAb + IMQ and mAb 1A8 + IMQ groups. These results show that 

neutropenia substantially reduces the production of numerous pro-inflammatory cytokines 

early during IMQ topical application while increasing the production of anti-inflammatory 

cytokines early (IL-10) and late (IL-4) during IMQ treatment.

DISCUSSION

Psoriasis is a chronic inflammatory disorder that often arises in response to environmental 

triggers such as traumatic injury to the skin or physical stress. Though multiple studies have 

recognized neutrophils as a major component in the pathophysiology of psoriasis, few 

studies to date have examined neutrophils as therapeutic targets in the treatment of psoriasis. 

In one study of 14 patients, selective depletion of myeloid lineage leukocytes through 

adsorptive granulocyte and monocyte apheresis significantly improved the severity of 

generalized pustular psoriasis [25]. Depletion of neutrophils with anti-Ly-6G antibody was 

also found to ameliorate disease severity in IMQ-induced psoriatic skin lesions in mice [18]. 

We confirmed these results and additionally found that reduced numbers of neutrophils in 

skin tissue resulted in decreased recruitment of F4/80+ and CD4+ cells. In this regard, 

blocking of neutrophil localization in vivo with the M1/70 mAb causes considerable 

reduction in epidermal thickness and neutrophil accumulation in psoriasiform skin lesions 

[26]. In patients with severe psoriasis, mAb neutralization of TNF-α and IL-12/23p40 

decreased neutrophil activity and resulted in improved clinical outcomes [14]. Our study 

contributes to the mounting evidence suggesting a promising role of neutrophils as 

therapeutic targets for the treatment of psoriasis, and highlights the need for further research 

to elucidate the precise mechanism by which neutrophils mediate the development of 

psoriatic lesions.

Infiltration of neutrophils into the epidermis – a hallmark of psoriasis – is thought to be 

mediated by pro-inflammatory cytokines [27], underscoring the role of dysregulated 

cytokine production in psoriatic lesions. However, there is an open question as to whether 

neutrophils significantly contribute to the maintenance of a pro-inflammatory milieu in 

established psoriatic plaques. Our study indicates that neutrophil depletion reduces early 

levels of pro-inflammatory cytokines and increases the early and late production of IL-10 

and IL-4, respectively, during IMQ treatment. Within inflamed skin, neutrophils release 

many pro-inflammatory cytokines, including IL-1β, IL-6, IL-17, and IL-23. These cytokines 

facilitate hyper-proliferation, activation of keratinocytes, and the mobilization of diverse 

immune cells [21, 28]. For instance, IL-17A is known to induce keratinocyte production of 

TNF-α, IL-1β, IL-6, and IL-19 [19, 29–31]. Although we did not measure the levels of 

IL-17A, our results are consistent with these observations; we found low levels of TNF-α 
(throughout; days 3 to 7), IL-1β (late; days 5 and 7), and IL-6 (early; days 3 and 5) in skin 
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tissue during IMQ treatment. TNF-α activates neutrophils and enhances their infiltration 

into the epidermis [32]. Neutrophil secretion of IL-1β in cutaneous tissue promotes the 

expression of ICAM and VCAM-1 by dermal endothelial cells, leading to increased 

recruitment of immune cells to the skin [33]. It is conceivable that the reduced late 

production of IL-1β in neutropenic mice was associated with low numbers of macrophages 

and T cells. Th1 cells secrete IFN-γ, which may perpetuate the immunologic milieu in 

psoriasis by enhancing the production of other cytokines, particularly IL-17A [34]. Notably, 

we demonstrated that CD4+ cells were significantly reduced by day 3 in mAb 1A8 injected 

mice treated with IMQ, and this was associated with low levels of IFN-γ in cutaneous tissue. 

This is an important observation given that Th1 cells have traditionally been regarded as the 

primary mediators of psoriasis, whereas our results suggest that neutrophils modulate the 

activity of these lymphocytes. Hence, the current data suggest that neutrophils play a key 

role in a number of positive feedback loops observed in psoriatic epidermal lesions.

In conclusion, our findings suggest that neutrophil depletion modifies immune cell 

infiltration and the levels of inflammatory cytokines in IMQ-induced cutaneous lesions. 

These results show that neutrophils may be involved in a number of regulatory networks 

underlying the pathophysiology of IMQ-induced psoriasis. While neutrophils seem to play a 

part in the development of the type of inflammation that is the hallmark of psoriasis, it is 

important to note the many important biological functions of neutrophils in host response. 

Thus, while systemic depletion of all neutrophils may not be reasonable in human patients, 

either targeted therapeutics against activated neutrophils (which are under development) or a 

topical treatment strategy to suppress neutrophils may be advisable. Although further studies 

are warranted to elucidate the mechanisms associated with biological reduction of 

neutrophils in the psoriasis phenotype, targeting neutrophils may be a plausible therapeutic 

strategy for the treatment of psoriasis.
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• Neutrophil depletion reduces the psoriasis phenotype in a murine model

• Neutropenic mice have lower levels of inflammatory cytokines in psoriasis 

lesions

• Neutrophils play an active role in establishing and maintaining psoriasis

• Nuanced targeting of neutrophils in psoriasis may be an attractive treatment 

approach
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Fig. 1. Neutrophil depletion attenuates generation of IMQ-induced psoriatic lesions.
Balb/c mice were injected intraperitoneally with a single dose of 500 μg/mL of mAb 1A8 or 

IgG2a control mAb. Three days later, the backs of each mouse received a daily topical dose 

(62.5 mg) of imiquimod (IMQ) cream formulation. Mice were treated for 7 days. (A) Gross 

(upper panels) and (B) histopathological (lower panels; representative 20X H&E stained 

sections of the skin lesions are shown) examination of mice injected with control IgG2a (left 

panels) or 1A8 (right panels) mAb and treated with IMQ daily for 7 days. Scale bar: 20 μm.
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Fig. 2. Administration of mAb 1A8 reduces the infiltration of inflammatory cells to IMQ-induced 
psoriatic lesions.
One mm2 of cutaneous tissue was excised, weighed, and homogenized at days 3, 5, and 7 

following application of daily topical IMQ cream. Samples were stained with fluorescence-

labeled mAb for (A) Ly6-G+ (neutrophils), (B) F4/80+ (macrophages), and (C) CD4+ (T-

cells) cells. Bars represent the mean values; error bars indicate standard deviations. Asterisks 

denote P-value significance (P < 0.05) calculated using student’s t-test analysis. The 

experiments were performed twice with similar results obtained.
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Fig. 3. Neutropenia alters cytokine production in skin lesions.
Homogenates of excised cutaneous lesions from control mAb IgG2a and mAb 1A8 mice 3, 

5, and 7 days post-IMQ topical application were prepared and the supernatants were 

analyzed for (A) TNF-α, (B) IFN-γ, (C) IL-1β, (D) IL-4, (E) IL-6, and (F) IL-10 levels. 

Bars represent the mean values; error bars indicate standard deviations. Symbols (* lower; # 

higher) denote P-value significance (P < 0.05) calculated using student’s t-test analysis. 

Cytokine quantification was performed thrice with similar results obtained.
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