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Introduction: Pemphigus vulgaris is an autoimmune disorder characterized by blistering of the skin 
and mucous membranes due to the loss of cohesion between keratinocytes. Oxidative stress, a condi-
tion caused by an excess of reactive oxygen species that overwhelms the body’s antioxidant defenses, 
has been implicated in various autoimmune diseases, including pemphigus vulgaris.

Objectives: This study aimed to evaluate serum levels of advanced glycation end products and ad-
vanced oxidation protein products as novel biomarkers of oxidative stress in pemphigus vulgaris 
patients and to correlate these levels with disease activity.

Methods: Sixty participants were included, divided into three equal groups: 20 patients with active 
mucocutaneous pemphigus vulgaris not on systemic treatment, 20 patients in remission on minimal 
therapy, and 20 healthy controls. Serum levels of advanced glycation end products and advanced oxi-
dation protein products were measured using the enzyme-linked immunosorbent assay.

Results: Serum levels of advanced glycation end products and advanced oxidation protein products 
were significantly higher in the active pemphigus vulgaris patient group compared to both the remis-
sion group and healthy controls (P<0.001). No significant correlation was found between the oxida-
tive stress markers, desmoglein 3, and the Pemphigus Disease Activity Index.

Conclusions: The findings of the present study demonstrate that oxidative stress may not play a pri-
mary role in the pathogenesis or severity of pemphigus vulgaris but could instead be a secondary effect 
associated with tissue damage. Factors such as diet and ethnicity could have influenced the results, 
indicating the need for larger scale, population-specific studies.

ABSTRACT
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Introduction

Pemphigus vulgaris (PV) is an autoimmune disease marked 

by blistering of the skin and mucous membranes due to 

the loss of cohesion between keratinocytes [1].This life-

threatening condition is driven by pathogenic autoantibodies 

targeting keratinocyte surface antigens, primarily desmoglein 

3 (Dsg3), and to a lesser extent, desmoglein 1 (Dsg1) [2]. 

Oxidative stress is a pathological condition caused by the 

generation of excessive reactive oxygen species (ROS) that 

overwhelm the body’s antioxidant defenses [3]. There is sub-

stantial evidence linking oxidative stress to the development  

and progression of autoimmune skin diseases such as sys-

temic lupus erythematosus (SLE), psoriasis, and Behçet dis-

ease (BD) [4-6]. Furthermore, increasing evidence suggests a 

similar role of oxidative stress (OS) in PV [3,7]. It has been 

hypothesized that PV-IgG targeting Dsg3 may induce OS in 

keratinocytes, resulting in elevated ROS production, which 

in turn compromises the integrity of intercellular junctions 

and leads to acantholysis, the hallmark of PV [8]. In this 

context, advanced glycation end products (AGEs) and ad-

vanced oxidation protein products (AOPPs) are emerging 

as novel markers of OS. These highly oxidant, biologically 

active compounds result from non-enzymatic glycation and 

oxidation of macromolecules, particularly proteins, that 

accumulate in tissues under conditions of oxidative stress 

and inflammation [9,10]. Importantly, these compounds are 

thought to bind to cell surface receptors on keratinocytes, 

initiating intracellular signaling pathways that may upreg-

ulate inflammation, increase ROS production, and disrupt 

desmosomal homeostasis, ultimately leading to acantholysis 

[11,12]. Advanced glycation end products and AOPPs have 

been thoroughly investigated in diseases where OS plays a 

significant role in disease pathogenesis or associated compli-

cations, such as diabetes, renal failure, and cardiopulmonary 

diseases [13-15].

Objective

Given this background, the present study aimed to evaluate 

the serum levels of AGEs and AOPPs as novel OS biomarkers 

in PV patients. Moreover, we sought to correlate these levels 

with the disease activity, with the goal of enhancing our un-

derstanding of the role OS plays in PV pathogenesis.

Methods

Participants

The present prospective cross-sectional case-control study 

involved 40 patients diagnosed with PV divided into two 

groups: 20 patients with active mucocutaneous type of PV 

not on systemic treatment and 20 in complete remission on 

minimal therapy (prednisone or the equivalent at ≤10 mg/d 

for at least two months) [16]. The patients were recruited 

from the Dermatology Outpatient Bullous Clinic at our 

main university hospital. The study received approval from 

the institute’s ethics committee (serial number 0305991). All 

procedures were performed in accordance with the Helsinki 

Declaration of 1975, revised in 2013. Written informed con-

sent was obtained from all participants.

Inclusion criteria encompassed confirmed cases of PV 

based on clinical presentation (active cases presented with 

three or more non-transient lesions for more than one week) 

and histopathological assessment (demonstrating suprabasal 

separation with acantholysis).

Exclusion criteria included specific systemic treatment 

for the group of active pemphigus patients and the use of an-

tioxidant drugs or vitamins. Patients with other autoimmune 

and autoinflammatory diseases, malignancies, pregnancy, 

acute or chronic infections, uncontrolled diabetes, hyperten-

sion, or hyperlipidemia were also excluded.

The control group consisted of 20 healthy volunteers, 

matched by age and sex. The same exclusion criteria were 

applied to the control group.

Demographic data, comprehensive medical history, and 

drug history were recorded for all participants.

Clinical Assessment

Data collected included age, sex, and body mass index (BMI) as 

well as disease duration disease and comorbid conditions. The 

BMI was calculated according to the formula; BMI= kg/m2.  

Skin, scalp, and mucus membrane examinations were con-

ducted by the same expert dermatologist during the whole 

study to minimize interobserver bias. Disease severity was 

assessed using the pemphigus disease activity index (PDAI) 

[17]. The active patient group was classified as significant PV 

and extensive PV [18].

Sample Collection and Measurements

From all subjects, venous blood samples were taken after 

an overnight (10 hours) fasting, and samples were separated 

and stored frozen at –80° C until analysis.

Oxidative Stress Markers Assessment

For the analysis of oxidative stress markers, AGEs and 

AOPPs levels were measured in the collected sera of the par-

ticipants using enzyme-linked immunosorbent assay (ELISA) 

kits from BT LAB (Jiaxing, Zhejiang, China), with catalog 

numbers E1266Hu and E0003Hu, respectively. All exper-

iments were conducted according to the manufacturer’s 

instructions. Pre-coated plates with wells pre-coated with 

human AGEs and AOPPs antibodies were used. Test stan-

dards and serum samples were added to the wells, followed 

by the addition of biotinylated Human AGEs and AOPPs 



Original Article | Dermatol Pract Concept. 2025;15(3):5346	 3

detection antibodies, which bind specifically to AGEs and 

AOPPs in the samples. Next, Streptavidin-HRP was intro-

duced, binding to the biotinylated detection antibodies. After 

incubation, any unbound Streptavidin-HRP conjugates were 

washed away using a washing solution. Finally, substrate 

solutions A and B were added to complete the detection 

process. TMB substrate was used to visualize the enzymatic 

reaction of horseradish peroxidase (HRP), producing a 

blue-colored product that turned yellow upon the addition 

of the stop solution.

Finally, the optical density (OD) was measured from each 

well individually at a wavelength of 450 nm using ELISA 

reader, which was done within 10 minutes after adding the 

stop solution.

Measurement of Anti-Dsg3 Antibodies

Enzyme-linked immunosorbent assay technique was em-

ployed for the quantification of serum anti-Dsg3 anti bodies, 

(ELISA kit BT Lab; Bioassay technology laboratory, China, 

Cat. No E4590Hu), following the manufacturer’s instruc-

tions. The concentration of anti-Dsg3 antibodies was deter-

mined by comparing the optical density (OD) of the samples 

to the standard curve.

Statistical Analysis of the Data

Data was fed into the computer and analyzed using IBM 

SPSS software package version 20.0. (Armonk, NY: IBM 

Corp). Categorical data are represented as numbers and per-

centages. Quantitative data are expressed as range (minimum 

and maximum), mean, standard deviation, median, and in-

terquartile range (IQR).Chi-squared test was used for cate-

gorical variables to compare different groups fewer than 5. 

The Mann-Whitney test was applied for abnormally distrib-

uted quantitative variables to compare between two studied 

groups. F-test (ANOVA) was used for normally distributed 

quantitative variables to compare between more than two 

groups, and Post Hoc test (Tukey) for pairwise comparisons. 

The Kruskal-Wallis test was used for abnormally distributed 

quantitative variables to compare between more than two 

studied groups, and Post Hoc (Dunn’s multiple comparisons 

test) for pairwise comparisons. The significance of the results 

obtained was judged at the 5% level.

Results

Sixty participants were included in this study, divided into 

three equal groups: 20 with active mucocutaneous PV, 20 

in complete remission on minimal therapy, and 20 healthy 

controls. The demographic and clinical characteristics of the 

study population are summarized in Table 1. There were no 

statistically significant difference in age or sex among the 

three groups (P=0.988 and P=0.760, respectively). As for 

BMI, three patients in the active patient group were over-

weight, and 17 patients were obese, while in the remission 

group, three patients were of normal weight, four patients 

were overweight, and 13 patients were obese. In the control 

group, seven participants were overweight, and 13 partici-

pants were obese. A statistically significant difference in BMI 

was observed between the active PV cases and the control 

group (P=0.022).

As regards the comorbid conditions in the patient group 

(both active cases and those in remission), all comorbidities 

were well controlled. They included 16 patients with dia-

betes, 11 with hypertension, three with hyperlipidemia, and 

two with hypothyroidism, either occurring individually or in 

combination.

The active patient group was classified as significant PV 

in two patients and extensive PV in 18 patients. The mean 

PDAI for the active PV patients was 64.15 ± 11.38, com-

pared to 10.55 ± 1.90 for the patients in remission, which 

was statistically significant (P< 0.001) (Table 1).

Correlation Between the Measured Serum 
Biomarkers in the Three Studied Groups

Serum levels of the measured biomarkers were significantly 

higher in the active PV group compared to the remission 

group and healthy controls (P<0.001). Detailed values and 

comparisons are provided in Table 2.

Correlation Between Oxidative Stress Markers  
and Different Clinical Parameters and Anti-Dsg3

Correlations between AGEs, AOPPs and the various clinical 

parameters are presented in Table 3. In summary, no statis-

tically significant correlation was found between AGEs or 

AOPPs and the clinical parameters assessed among the three 

groups (P>0.05). Again, there was no statistically significant 

difference between measured AGEs or AOPPs and the PDAI 

score either in the active patient group (P= 0.496, 0.766) 

or patients in remission (P=0.238,0.752). Additionally, there 

was no significant correlation between AGEs or AOPPs 

levels and anti-Dsg3 levels in either the active PV group  

(P=0.198 and P=0.490, respectively) or the remission group 

(P=0.445 and P=0.061, respectively).

Discussion

The etiopathogenesis of pemphigus is complex. Although 

the pathogenic role of IgG antibodies is well established, an-

tibody levels do not always correlate with disease severity; 

some patients in remission may still exhibit elevated anti-

body titers [19,20] suggesting that additional factors may be 

at play in the disease process. Considering this, it has been 

proposed that both environmental and genetic factors likely 

contribute to the development and progression of pemphigus 
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Table 2. Correlation between the Three Groups Studied according to AGEs, AOPPs, and Anti-Dsg3.

Measured parameters 
ng/L

Active cases 
(n = 20)

Remission 
(n = 20)

Control 
(n = 20) Test of Sig. p

AGEs

  Min. – Max. 756.8 – 4204.5 344.2 – 592.3 134.3 – 352.9 H=51.941* <0.001*

  Mean ± SD. 1479.4 ± 880.4 431.5 ± 80.06 259.1 ± 56.50

Significance between groups p1<0.001*, p2<0.001*, p3<0.001*

AOPPs

  Min. – Max. 4.18 – 42.74 2.36 – 4.47 1.28 – 3.70 H=47.629 <0.001*

  Mean ± SD. 12.83 ± 12.29 3.57 ± 0.59 2.28 ± 0.71

Significance between groups p1<0.001*, p2<0.001*, p3=0.003*

Anti-Dsg3

  Min. – Max. 321.98 – 903.23 203.5 – 336.8 – U=4.000 p1<0.001*

  Mean ± SD. 612.66 ± 186.03 261.2 ± 48.42 –

IQR: Interquartile range; SD: Standard deviation; U: Mann-Whitney test. H: H for Kruskal-Wallis test, pairwise comparison between each 
pair of groups were done using post hoc test (Dunn’s for multiple comparisons test). Abbreviations: AGEs: advanced glycation end products; 
AOPPs: advanced oxidation protein products; Anti-Dsg3: anti-desmoglein 3 antibodies; p: p-value for comparing between the three studied 
groups; p1: p-value for comparing between Active cases and Remission; p2: p-value for comparing between Active cases and Control; p3: 
p-value for comparing between Remission and Control. *: Statistically significant at P≤0.05.

Table 1. Comparison between the Three Groups Studied according to  
Demographic and Clinical Data.

Active cases 
(n = 20)

Remission 
(n = 20)

Control 
(n = 20)

Test of 
significance p

Sex

  Male 9 (45.0%) 7 (35.0%) 9 (45.0%) χ
2=0.549 0.760

  Female 11 (55.0%) 13 (65.0%) 11 (55.0%)

Age (years)

  Min. – Max. 31.0 – 55.0 35.0 – 60.0 30.0 – 62.0 F=0.012 0.988

  Median (IQR) 45.0 (41.50 – 48.50) 44.50 (38.50 – 50.0) 45.0 (41.0 – 49.50)

BMI (kg/m2)

  Min. – Max. 23.56 – 39.06 23.68 – 37.50 25.0 – 35.40 F=3.777* 0.029*

  Mean ± SD. 32.95 ± 4.26 31.19 ± 3.75 29.71 ± 3.06

Significance between 
groups

p1=0.305 p2=0.022* p3=0.425

Comorbidities

  No 6 (30%) 8 (40%) – χ
2=0.440 p1=0.507

  Yes 14 (70.0%) 12 (60.0%) –

Duration (years)

  Min. – Max. 0.33 – 5.0 1.42 – 12.0 – U=94.500* p1=0.004*

  Mean ± SD. 2.17 ± 1.60 4.59 ± 2.96 –

PDAI

  Min. – Max. 42.0 – 85.0 8.0 – 13.0 – U=0.000* p1<0.001*

  Mean ± SD. 64.15 ± 11.38 10.55 ± 1.90 –

Abbreviations: IQR: Inter quartile range; SD: Standard deviation; U: Mann-Whitney test.

χ
2: Chi-squareD test; F: F for One-way ANOVA test, pairwise comparison bet. each two groups were done using post hoc test (Tukey); BMI: 

body mass index; PDAI: pemphigus disease activity index; p: p-value for comparing between the three studied groups; p1: p-value for com-
paring between Active cases and Remission; p2: p-value for comparing between Active cases and Control; p3: p-value for comparing between 
Remission and Control; *: Statistically significant at P≤0.05.
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Table 3. Correlation between AOPPs and AGEs with Different Parameters in Both Groups  
of Pemphigus Vulgaris Patients.

AOPPs AGEs

rs p rs p

Active cases
(n = 20)

Age (years) 0.181 0.446 0.017 0.942

BMI (kg/m2) 0.015 0.950 0.003 0.990

Duration (years) –0.131 0.583 0.288 0.218

PDAI 0.071 0.766 –0.161 0.496

Anti-Dsg3 –0.164 0.490 –0.301 0.198

AGEs –0.047 0.845 – –

Remission (n = 20) Age (years) 0.316 0.174 –0.029 0.903

BMI (kg/m2) 0.122 0.609 –0.109 0.647

Duration (years) –0.075 0.752 –0.276 0.238

PDAI 0.046 0.848 –0.111 0.642

Anti-Dsg3 –0.480 0.061 0.199 0.445

AGEs –0.171 0.470 – –

rs: Spearman coefficient; *: Statistically significant at P≤ 0.05. Abbreviations: BMI: body mass index; PDAI: pemphigus diseases activity 
index; Anti-Dsg3: anti-desmoglein 3 antibodies; AGEs: advanced glycation end products; AOPPs: advanced oxidation protein products.

[21]. Among these environmental factors, oxidative stress 

has garnered increasing interest in the pathogenesis of PV 

[3,8]. Building on this concept, our study aimed to evaluate 

oxidative stress markers that have not been previously inves-

tigated in PV, namely AGEs and AOPPs. These markers are 

significant because they serve as chemically stable indicators 

of oxidative stress, produced endogenously in response to re-

active oxygen species (ROS) [12]. ROS production is height-

ened in PV due to several reasons, including the release of 

inflammatory mediators and mitochondrial damage caused 

by anti-mitochondrial antibodies in PV patients [22,23]. 

However, the most important source of ROS and OS in PV 

patients is the PV- IgG antibodies targeting Dsg3 [8].

Importantly, our findings revealed a significant eleva-

tion in both oxidative stress markers in patients with active 

disease compared to those in remission and in the control 

group. Furthermore, the difference between patients in re-

mission and the control group was statistically significant. 

Taken together, these findings support the notion that oxida-

tive stress may play a role in the pathogenesis of pemphigus 

vulgaris.

Various oxidative stress biomarkers have been previously 

evaluated in PV patients. For instance, one notable marker 

is lipid peroxidation product malondialdehyde, which was 

found to be significantly elevated in PV patients compared 

to controls, with a correlation to serum anti-Dsg3 levels [24].

Similarly, in a related study, Yesilova et al. [25] demon-

strated an elevated oxidative stress index (OSI) in patients 

with PV. However, it is important to note that they did not 

find significant differences in total antioxidant capacity 

(TAC) between PV patients and healthy controls. Notably, 

elevated oxidative stress markers have also been detected in 

lesional, perilesional, and even normal skin of pemphigus pa-

tients as well as in red blood cells [26,7].

Interestingly, Shah and colleagues delineated that HLA 

allele status has a significant impact on oxidative stress. 

Specifically, HLA+ individuals had lower total antioxidant 

capacity (TAC) compared to those who were HLA-negative. 

They revealed a down regulation of genes that combat oxida-

tive stress in HLA+ subjects [27]. However, when it comes to 

antioxidant activity, the findings have been somewhat con-

flicting. Javanbakht et al. [28] and Abida et al. [24] reported 

increased catalase activity in PV patients, correlating with 

disease duration and activity. In contrast, Naziroglu et al.  

[7] observed the opposite—a decrease in catalase activity in 

PV patients. A similar observation was made by Shah and 

colleagues, who found no correlation between total antioxi-

dant capacity and disease activity or Dsg3 serum levels [27].

In general, the unbalanced production of ROS can al-

ter the structure and function of various molecules, such as 

carbohydrates, lipids, DNA, and proteins, through processes 

like glycoxidation and peroxidation [28,29]. These oxida-

tively modified macromolecules may become targets for the 

immune system, potentially breaking B-cell tolerance [30]. 

Specifically, the effect of oxidative stress on intercellular 

junctions has been shown in multiple systems [31,32]. Inu-

maru et al. [31] demonstrated that oxidative stress can induce 

cell-cell dissociation through translocation of p120 catenin 

and internalization of cadherin to endosomal compartments 

from cell-to-cell adhesion sites. Similarly, Huang et al. [8], 
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oxidative stress markers, the influence of other environmen-

tal variables, such as diet, air pollution, or genetic predis-

position, were not accounted for in our study. These factors 

could have contributed to the observed elevation in oxida-

tive stress markers without showing a direct correlation with 

disease activity. Further research is needed to explore these 

additional variables and their impact on oxidative stress in 

pemphigus.

Limitations

The reliance on only two oxidative stress markers, AGEPs, 

and AOPPs, to evaluate OS in PV may have limited the com-

prehensiveness of our assessment. A larger sample size and 

the inclusion of additional or more diverse OS biomarkers 

could have strengthened our statistical power and provided 

a broader understanding of the role of OS in pemphigus. Ad-

ditionally, the study was conducted at a single medical center 

and limited to patients with the mucocutaneous type of PV, 

which may restrict the generalizability of the results to other 

pemphigus subtypes or populations. Moreover, environmen-

tal and genetic factors which may affect OS levels were not 

evaluated in this study, limiting insight into their role.

Conclusions

The present study evaluated two novel OS biomarkers in 

patients with mucocutaneous PV. This study demonstrates 

a significant elevation in serum levels of AGEPs and AOPPs 

in patients with mucocutaneous PV, though no direct cor-

relation with clinical or laboratory data was observed. These 

findings suggest that OS may not play a primary role in PV 

pathogenesis or severity but could instead be an associated 

byproduct rather than a causative factor in tissue damage. 

However, population-specific variables such as diet and eth-

nicity might have influenced these results, emphasizing the 

need for broader investigations.

A more comprehensive panel of oxidative stress markers 

could offer deeper insights into the complex role OS plays 

in PV. Future studies should prioritize larger, more diverse 

populations and account for environmental and genetic in-

fluences to clarify the clinical relevance of oxidative stress 

in PV. Until then, the utility of these markers as predictors 

of disease activity or therapeutic targets remains uncertain. 

Nonetheless, our findings add a crucial piece to the puzzle of 

PV pathogenesis, underscoring the importance of multifac-

torial approaches in unraveling its underlying mechanisms.
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