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Might Necrotic Keratinocytes Contribute to the 
Diagnosis and Pathogenesis of Psoriasis?
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Introduction: Psoriasis is a chronic inflammatory skin disease that can pose challenges for histopatho-
logical diagnosis. Recent research has emphasized the importance of necrotic keratinocytes, meaning 
keratinocytes undergoing programmed cell death, for diagnosing psoriasis. It has also become increas-
ingly evident that programmed cell death pathways play a significant role in psoriasis’s pathogenesis, 
development, and progression, including via a recently identified programmed cell death mechanism 
called “PANoptosis.”

Objectives: In our study, we aimed to investigate the significance of necrotic keratinocytes in both the 
diagnosis and pathogenesis of psoriasis.

Methods: We analyzed the number of necrotic keratinocytes in 135 samples of psoriasis, 57 samples 
of psoriasiform spongiotic dermatitis, and 71 samples of normal skin. We additionally assessed the 
distribution of necrotic keratinocytes in the upper, middle, and lower thirds of the epidermis.

Results: Our findings revealed a significant difference in the total number of necrotic keratinocytes 
and their distribution within epidermal regions between patients with psoriasis and both the psoria-
siform spongiotic dermatitis and control groups (p < .001). In particular, necrotic keratinocytes were 
predominantly found in the upper epidermis (77.5%) in patients with psoriasis. We also observed a 
strong correlation between Psoriasis Area and Severity Index scores and the total count of necrotic 
keratinocytes in patients with psoriasis (r = .72).

Conclusions: Our results highlight the role of necrotic keratinocytes, resulting from programmed cell 
death, as important marker cells in both the diagnosis and pathogenesis of psoriasis.

ABSTRACT
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Introduction

Psoriasis, a chronic inflammatory skin disease that occurs 

worldwide, is associated with multiple systemic compli-

cations that significantly impact patients’ quality of life 

as well as physical and mental health [1]. Many efforts 

have been devoted to understanding the primary patho-

genic mechanisms and cellular components responsible 

for the onset of psoriasis [2], the pathogenesis of which 

is known to be influenced by factors including the envi-

ronment, genetics, and the dysfunction of immune cells 

such as T cells and dendritic cells as well as nonimmune 

cells such as keratinocytes [1]. In the longstanding debate 

on the pathogenic role of keratinocytes in psoriasis, ex-

tensive research has indicated that the hyperproliferation 

and abnormal differentiation of keratinocytes are sec-

ondary effects triggered by immune activation. While the 

immune hypothesis, which focuses on the pathogenic func-

tions of dendritic cells and T cells, has been supported by 

the efficacy of immune-targeting treatments, psoriasis is 

recognized as being not only a T-cell-dependent disease. 

On that count, it is now widely acknowledged that kera-

tinocytes play a pivotal role in initiating early pathogenic 

events and sustaining the disease’s chronic progression [2].  

In psoriasis, the breakdown of the epidermal barrier height-

ens the susceptibility of keratinocytes to external harmful 

substances, which can result in cell damage or death [3].

Programmed cell death (PCD) is a vital process during 

development that plays an important role in maintaining ho-

meostasis and defending against various pathogens and stim-

uli. PCD has specific genetically encoded requirements [4].  

PANoptosis, a recently defined form of PCD that has be-

come a new focus of research [5], is regulated by the PAN-

optosome complex, which entails the substantial interaction 

and coordination of pyroptosis (P), apoptosis (A), and/or 

necroptosis (N) [4,6]. Although the relationship between 

PANoptosis and psoriasis remains largely unclear, mounting 

evidence suggests that PANoptosis is implicated in patho-

genesis’s psoriasis [5,7]. Programmed apoptosis, necrosis, 

and pyroptosis have also been shown to be associated with 

inflammation in psoriasis [5]. Previous research has addi-

tionally demonstrated that the presence of necrotic kerati-

nocytes, meaning keratinocytes undergoing PCD, which are 

not typically seen in the classical histopathology of psoriasis, 

is significant for the disease’s diagnosis [8].

Objectives

In our study, we aimed to investigate the role of necrotic 

keratinocytes, which we believe indicate PANoptosis, in 

psoriasis’s pathogenesis and diagnosis.

Methods

Our study included patients diagnosed with psoriasis and 

psoriasiform spongiotic dermatitis who were monitored at 

our hospital’s Dermatology Clinic from September 2021 to 

December 2022. We recruited 135 patients diagnosed with 

psoriasis, 57 patients with psoriasiform spongiotic dermati-

tis, and 71 individuals with normal skin who were matched 

for age and gender. Psoriasis and psoriasiform spongiotic 

dermatitis skin biopsies were compiled from archival spec-

imens, whereas normal skin biopsies were prospectively ob-

tained as a control group. The samples of the control group 

were obtained from the skin tissue materials accepted to the 

pathology laboratory that did not contain any skin lesions. 

For the group of patients with psoriasis and psoriasiform 

spongiotic dermatitis, no systemic drugs, phototherapy, or 

externally applied drugs were administered in the month 

prior to sample collection. The patients’ records contained 

systematically organized data, including age, gender, family 

history, clinical type(s) of psoriasis, specific areas affected 

(e.g., scalp, nails, face, genital area, inverse area, and joints), 

duration of disease, and details about the biopsy’s location. 

The Psoriasis Area and Severity Index (PASI) was used to 

assess the severity of the disease.

Samples of psoriasis, psoriasiform spongiotic dermatitis, 

and normal skin were analyzed. Slides stained with hema-

toxylin and eosin were used to examine necrotic keratino-

cytes, which were characterized as intraepidermal cells with 

pyknotic nuclei and hypereosinophilic cytoplasm. The total 

number of necrotic keratinocytes present in three consecu-

tive sections was calculated, and each necrotic keratinocyte 

within the epidermis was noted as being located in the lower 

third, middle third, or upper third. The research protocols 

followed the principles of the Declaration of Helsinki, while 

an ethics committee of a tertiary hospital approved the study 

(Ethical Approval No.: 19.04.2021-109/01).

The collected data were transferred to a computer and 

analyzed using SPSS (version 15.0). The normal distribution 

of the data was assessed using the Kolmogorov–Smirnov 

test. For data that did not follow a normal distribution, 

analysis was performed using the Mann–Whitney U test, 

Kruskal–Wallis test, Spearman’s correlation test, and logistic 

regression analyses.

Results

The group of patients with psoriasis included 87 males and 

48 females, the group of patients with psoriasiform spongio-

tic dermatitis had 36 males and 21 females, and the control 

group consisted of 45 males and 26 females. Statistical anal-

ysis showed that all three groups were comparable.
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The average age of patients with psoriasis was 44.7 years 

(age range: 11–85 years), of patients with psoriasiform spon-

giotic dermatitis was 49.19 years (age range: 17–83 years), 

and of the control group was 46.79 years (age range: 11–83 

years). No statistically significant difference in age emerged 

between the three groups. The general characteristics of the 

study group are presented in Table 1.

We evaluated the quantities of necrotic keratinocytes in 

the upper, middle, and lower thirds of the epidermis. When 

assessing the total number of necrotic keratinocytes and the 

number of necrotic keratinocytes in each of the three epi-

dermal regions in patients with psoriasis (Figure 1), a signif-

icant difference arose between the psoriasiform spongiotic 

dermatitis (p < .001) (Figure 2) and control groups (p < .001) 

(Figure 3). The results of our quantitative analysis of necrotic 

keratinocytes in the psoriasis, psoriasiform spongiotic der-

matitis, and control groups appear in Table 2, while Table 3 

presents the quantities of necrotic keratinocytes based on 

their locations in the epidermis for all three groups.

No significant relationship surfaced between the in-

volvement of specific areas and the number of necrotic 

keratinocytes in the psoriasis group (p > .05). Similarly, no 

significant association was observed between the presence or 

absence of a family history of psoriasis and the number of 

necrotic keratinocytes (p > .05). The duration of the disease 

also showed no significant relationship with the number of 

necrotic keratinocytes (p > .05).

Among patients with psoriasis, the quantity of necrotic 

keratinocytes was significantly higher in each of the three 

regions of the epidermis than among patients with psorias-

iform spongiotic dermatitis (p < .001).

A significant difference was also observed between the 

psoriasiform spongiotic dermatitis and control groups in 

terms of the quantity of necrotic keratinocytes in the up-

per epidermis (p < .001). However, no significant differ-

ences were found in the quantities of necrotic keratinocytes 

in the middle (p = .184) and lower thirds of the epidermis  

(p = .479). The results of logistic regression analyses showed 

that individuals with psoriasis were 923 times more likely to 

have necrotic keratinocytes, whereas ones with psoriasiform 

spongiotic dermatitis were 5.4 times more likely to have ne-

crotic keratinocytes than patients without those conditions.

Table 1. General Characteristics of the Study Group.

Characteristics
Psoriasis (n) 

N=135

Psoriasiform Spongiotic  
Dermatitis (n) 

N=57
Control (n) 

N=71

Sex 87 M
48 F

36 M
21 F

45 M
26 F

Biopsy site
Lower extremity
Upper extremity
Scalp
Back
Chest
Abdomen

52
36
5

23
2

17

22
24
3
6
-
2

20
19
4

12
-

16

Age, years 44.7 49.9 46.79

Family history
Yes
No

39
96

Clinical type
Plaque
Guttate

126
9

Specific area involvement
Scalp
Nail
Face
Genital area
Joint
Inverse area

96
65
44
52
17
28

Disease duration, months (mean) (min-max) 137.88 (1-660) 171,32 (1-708)

PASI, mean (min-max) 9.559 (0.6-55)

M = male; F = female; PASI = Psoriasis Area Severity Index.
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Figure 1. (A) Necrotic keratinocytes (black arrows) in upper and middle epidermis in psoriasis 

patient (PASI: 27.5; H&E, ×200). (B) Necrotic keratinocyte (black arrow) in upper epidermis in 

psoriasis patient (PASI: 2; H&E, ×200).

Figure 2. (A) Psoriasiform spongiotic dermatitis without necrotic keratinocytes (H&E, ×200).  

(B) Necrotic keratinocyte (black arrow) in middle epidermis in psoriasiform spongiotic dermatitis 

patient (H&E, ×200).

Figure 3. (A) Normal skin without necrotic keratinocytes (H&E, ×200). (B) Necrotic keratinocyte 

(black arrow) in middle epidermis in normal skin (H&E, ×200).

Table 2: Quantitative Analysis of Necrotic Keratinocyte (NK) in Psoriasis, Psoriasiform Spongiotic 
Dermatitis, and Control.

Psoriasis Psoriasiform Spongiotic Dermatitis Control P-Value

Total number of cases 135 57 71

Cases with NK 134 25 9

Percentage (%) 99.3% 43.9% 12.7% <.001

Mean number of NK 5.27 0.58 0.13 <.001

(Note: Kruskal-Wallis test was used for analysis)

In the psoriasis group, a strong, significant correlation 

was observed between PASI score and the total number of 

necrotic keratinocytes (r = .72). When that correlation was 

evaluated separately for each of the three region of the 

epidermis, a strong, significant correlation also emerged 

between the number of necrotic keratinocytes in the upper 

epidermis and PASI score (r = .618). A significant correlation 

was also observed between PASI score and the total number 
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specimens from individuals with psoriasis and eczematous 

dermatitis exhibit clear-cut features, a notable proportion 

presents with clinicopathologic overlap, which leads to 

challenges with diagnosis [12]. Recently, the significance of 

necrotic keratinocytes in diagnosing psoriasis has been em-

phasized in pathological studies [8,13]. In a study by Cloutier 

et al., for example, necrotic keratinocytes were found to be 

valuable in differentiating psoriasis from psoriasiform spon-

giotic dermatitis, which shares similar histopathological and 

clinical features with psoriasis [8]. In our study, we quan-

titatively evaluated necrotic keratinocytes in three groups: 

patients with psoriasis, patients with psoriasiform spongiotic 

dermatitis, and normal skin of the control group. Our results 

showed that the psoriasis group had a significantly higher 

total number of necrotic keratinocytes than both the psoria-

siform spongiotic dermatitis and control groups. Those find-

ings are consistent with the results of Cloutier et al., who also 

found significant results among patients with psoriasis [8].  

The increased necrotic keratinocytes that we observed in pa-

tients with psoriasis in our study will be useful in differenti-

ating spongiotic psoriasiform dermatitis, which has clinical 

and histopathological features similar to psoriasis’s.

of necrotic keratinocytes in the middle epidermis (r = .235). 

However, no significant correlation was found between the 

number of necrotic keratinocytes in the lower epidermis and 

PASI score. The correlation between the total number of ne-

crotic keratinocytes and PASI score is illustrated in Figure 4.

Discussion

Psoriasis is a chronic inflammatory skin disorder character-

ized by the hyperproliferation and impaired maturation of 

keratinocytes, the increased infiltration of immune cells and 

blood vessel formation, and the accumulation of proinflam-

matory cytokines [3]. The diagnosis of psoriasis is supported 

both clinically and histopathologically [9], while the dis-

ease’s severity is determined using various parameters, with 

PASI score being a primary indicator [10].

Pathologists usually refer to textbook descriptions of 

psoriasis, which emphasize the disease’s important histologi-

cal characteristics such as acanthosis, parakeratosis, reduced 

stratum granulosum, the presence of neutrophils in the su-

perficial epidermis and stratum corneum, and increased 

vascularity in the papillary dermis [11]. While most biopsy 

Table 3. Necrotic Keratinocyte (NK) Quantities Based on Epidermal Locations in All Study Groups.

Study Group Psoriasis
Psoriasiform Spongiotic 

Dermatitis Control

Total number of NK 712 33 9

NK in upper epidermis, n (%) 552 (77.5%) 23 (69.7%) 3 (33.3%)

NK in middle epidermis, n (%) 77 (10.8%) 7 (21.2%) 4 (44.4%)

NK in lower epidermis, n (%) 83 (11.7%) 3 (9.1%) 2 (22.2%)

(Note: Kruskal-Wallis test was used for analysis)

Figure 4: The correlation between the total number of necrotic keratinocytes and PASI

(Note: Spearman’s correlation test was used for analysis)
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between PANoptosis and the development of psoriasis 

and observed the activation of pyroptosis- and apoptosis-

signaling pathways [5]. Similarly, Hu et al. identified the high 

activity of the PANoptosis pathway in psoriatic lesions [7]. 

In another study, Duan et al. found results suggesting that 

necroptosis in keratinocytes triggers psoriatic inflammation, 

which disrupts the epidermal barrier and thereby exposes 

keratinocytes to harmful stimuli and causes extensive necro-

ptosis. Programmed necrosis-related proteins are primarily 

expressed in the epidermis, particularly in keratinocytes. Im-

munofluorescence and the immunohistochemical labeling of 

TUNEL, active caspase-3, RIPK1, and MLKL indicate that 

necroptosis primarily occurs in the upper epidermis in mice, 

as is consistent with results in patients with psoriasis [3]. 

Furthermore, Cloutier et al. reported that 89% of necrotic 

keratinocytes in patients with psoriasis were located in the 

upper two-thirds of the epidermis [8]. In our study, 88.3% 

of necrotic keratinocytes, which we believe may indicate 

PANoptosis, were located in the upper two-thirds of the epi-

dermis, which supports the findings of both Duan et al. and 

Cloutier et al. [3,8].

The literature outlines the involvement of PANopto-

sis in psoriasis’s pathogenesis and, on that count, indicates 

that elevated levels of circulating cytokines such as TNF and 

IFN-γ can synergistically induce PANoptosis. PANoptosis 

entails the activation of molecules associated with pyroptosis  

(i.e., GSDMD), apoptosis (i.e., CASP8/3/7), and necropto-

sis (i.e., pMLKL). Furthermore, those cytokines can activate 

JAK/STAT1/IRF1 signaling and nitric oxide production, 

which augments CASP8/FADD-mediated PANoptosis. That 

process leads to excessive cytokine production, which results 

in a cytokine storm that may perpetuate a positive feedback 

loop in psoriasis’s progression [7]. Furthermore, the IL-23/

IL-17 axis is closely associated with the PANoptosome com-

plex. Taken together, those findings suggest that PANoptosis 

may be intricately linked to psoriasis’s pathogenesis [5].

We additionally found a statistically significant correlation 

between the total count of necrotic keratinocytes and PASI 

score, an indicator of psoriasis’s severity. Our results showing 

significantly increased necrotic keratinocytes in patients with 

psoriasis and their correlation with PASI might be an additional 

support for studies showing the relationship between necrotic 

keratinocytes in psoriasis known as PANoptosis. To our knowl-

edge, our study was the first to provide evidence supporting 

previous animal and human studies on PANoptosis’s role in 

psoriasis by showing its relationship with clinical severity.

Hu et al. conducted a study to investigate the diverse 

functions of hub genes involved in PANoptosis for drug pre-

diction. Based on their experimental data, they found that 

disulfiram, a predicted drug, showed a significant ameliora-

tive effect on IMQ-mediated psoriatic lesions. They also ob-

served that disulfiram treatment, acting as an antagonist of 

When comparing the quantitative values of necrotic ke-

ratinocytes between the groups in our study, we found that 

the mean number of necrotic keratinocytes was 10 and 50 

times higher in the psoriasis group than in the psoriasiform 

spongiotic dermatitis and control groups, respectively. By 

contrast, Cloutier et al. reported a mean number of necrotic 

keratinocytes in the psoriasis group that was 1.5 and 7.5 

times higher than in the psoriasiform spongiotic dermati-

tis and control groups, respectively [8]. Even so, our study 

and Cloutier et al.’s both revealed similar results in terms of 

mean necrotic keratinocytes when the psoriasiform spongio-

tic dermatitis and control groups were compared. According 

to the findings of both studies, the mean number of necrotic 

keratinocytes was approximately 4.5 times higher in the 

psoriasiform spongiotic dermatitis group than in the control 

group [8]. The discrepancy in the psoriasis group could be 

attributed to the fact that the mean PASI values of the pa-

tients with psoriasis in our study were as high as 9.6. By con-

trast, PASI values were not evaluated by Cloutier et al. [8].

Psoriasis is characterized by persistent inflammation, 

which leads to the uncontrolled proliferation and impaired 

differentiation of keratinocytes [14]. In our study, we re-

viewed the literature to understand the role of necrotic 

keratinocytes, which were increased in the skin biopsies of 

patients with psoriasis, in the development of the disease, 

largely because our findings showed the opposite based on 

decreased apoptosis in keratinocytes in psoriasis [15].

Our literature review identified several recently published 

articles implicating PANoptosis, a phenomenon newly de-

scribed Kanneganti et al. in 2019 [16], in psoriasis’s pathogen-

esis [4, 5, 7]. PANoptosis is an inflammatory PCD pathway 

regulated by the PANoptosome complex, which combines 

features of pyroptosis, apoptosis, and necroptosis and in-

volves essential molecules from those three pathways [5].

Pyroptosis is executed by gasdermin family members 

through the inflammasome activation-mediated caspase-1 

cleavage of gasdermin D (GSDMD), caspase-11/4/5- or 

caspase-8-mediated cleavage of GSDMD, caspase-3-mediated  

cleavage of gasdermin E, or granzyme A-mediated cleav-

age of gasdermin B. By contrast, apoptosis is executed by 

caspase-3 and 7 following the activation of upstream initia-

tor caspases caspase-8/10 or -9. Last, necroptosis is executed 

by mixed lineage kinase-like (MLKL) oligomerization medi-

ated by receptor-interacting serine threonine kinase-3 [17].

Previous studies have linked PANoptosis’s components to 

the pathogenesis of psoriasis [3–5,7,18,19]. For example, one 

study showed that NLRP3 inflammasome-mediated pyropto-

sis was present in Imiquimod (IMQ)-induced psoriasis, similar 

to skin inflammation in mice [18]. Other studies have shown 

that the TNF-α-mediated NLRP3 inflammasome contributes 

to systemic inflammation in patients with psoriasis [19].  

Meanwhile, Lu et al. pinpointed the close association 
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sebopsoriasis, and tumor necrosis factor α inhibitor-associated 
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10.1016/j.jaad.2019.08.023. PMID: 31859047.

13.	 Chau T, Parsi KK, Ogawa T, et al. Psoriasis or not? Review of 51 

clinically confirmed cases reveals an expanded histopathologic 

spectrum of psoriasis. J Cutan Pathol. 2017;44(12):1018-1026. 

DOI: 10.1111/cup.13033. PMID: 28833447.

14.	 Rendon A, Schäkel K. Psoriasis Pathogenesis and Treatment. 

Int J Mol Sci. 2019;20(6):1475. DOI: 10.3390/ijms20061475. 

PMID: 30909615.
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Strzalka-Mrozik B. Apoptosis in Autoimmunological Dis-

eases, with Particular Consideration of Molecular Aspects of 

Psoriasis. Med Sci Monit. 2020;26:e922035. DOI: 10.12659 

/MSM.922035. PMID: 32567582.

16.	 Malireddi RKS, Kesavardhana S, Kanneganti TD. ZBP1 and 

TAK1: Master Regulators of NLRP3 Inflammasome/Pyroptosis, 

Apoptosis, and Necroptosis (PAN-optosis). Front Cell Infect Mi-

crobiol. 2019;9:406. DOI: 10.3389/fcimb.2019.00406. PMID: 

31850239.

17.	 Karki R, Sharma BR, Tuladhar S, et al. Synergism of TNF-α and 

IFN-γ Triggers Inflammatory Cell Death, Tissue Damage, and 

Mortality in SARS-CoV-2 Infection and Cytokine Shock Syn-

dromes. Cell. 2021;184(1):149-168.e17. DOI: 10.1016/j.cell 

.2020.11.025. PMID: 33278357.

18.	 Deng G, Chen W, Wang P, et al. Inhibition of NLRP3 

inflammasome-mediated pyroptosis in macrophage by cyclo-

astragenol contributes to amelioration of imiquimod-induced 

psoriasis-like skin inflammation in mice. Int Immunopharmacol. 

2019;74:105682. DOI: 10.1016/j.intimp.2019.105682. PMID: 

31203155.

19.	 Verma D, Fekri SZ, Sigurdardottir G, Bivik Eding C, Sandin C, 

Enerbäck C. Enhanced Inflammasome Activity in Patients with 

Psoriasis Promotes Systemic Inflammation. J Invest Dermatol. 

2021;141(3):586-595.e5. DOI: 10.1016/j.jid.2020.07.012. PMID:  

32896537.

pyroptosis proteins, could reduce the cleavage of GSDMD in 

IMQ-mediated psoriatic lesions [7]. When considering stud-

ies that target PANoptosis, including the one conducted by 

Hu et al., together with our own study showing the increased 

presence of necrotic keratinocytes and their correlation with 

PASI scores, we support the idea that PANoptosis plays a 

role in psoriasis’s pathogenesis.

Conclusions

Based on studies demonstrating the efficacy of drugs tar-

geting PANoptosis, which has been shown to contribute to 

psoriasis’s pathogenesis, drugs targeting necrotic keratino-

cytes might be able to improve the personalized treatment 

of psoriasis in the future [7]. At the same time, the exact 

function of necrotic keratinocytes in psoriasis’s pathogenesis 

remains incompletely understood. In our study, we quanti-

tatively demonstrated the presence of necrotic keratinocytes 

in the skin of patients with psoriasis. Understanding the cor-

relation between those necrotic keratinocytes and PASI score 

may be useful in determining the pathogenesis of psoriasis. 

Also, the presence of superficially located necrotic keratino-

cytes serves as an additional diagnostic clue for psoriasis. 

Therefore, we look forward to further research on those in-

triguing cells and the role of PANoptosis in the future.
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