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Abstract

Background: The exact mechanisms underlying the eradication of the human papillomavirus (HPV) by cellular immunity
remain obscure. Individuals with treatment-resistant warts frequently have immune deficiencies. Amino-peptidases (ERAP1,
ERAP2) of the endoplasmic reticulum are essential for the production of antigenic epitopes that attach to the Major
Histocompatibility Complex (MHC) class I and activate T-lymphocytes or natural killer (NK) cells.

Aim: To assess ERAP1 and ERAP2 serum concentrations in patients with resistant warts.

Methods: The current study included 200 subjects. They were split into 2 groups. Group (I) patients had resistant warts (n
= 100), and group (II) age- and sex-matched subjects had a history of treated warts with no recurrence (n = 100). Clinical
assessment and ERAP1 and ERAP2 serum level determination via ELISA were conducted.

Results: ERAP1 and ERAP2 levels were significantly lower in group (I) than in group (II) (» < 0.0001 for each). A significant
positive relationship was observed between ERAP1 and ERAP2 (p < 0.001). A significant negative correlation was found
between ERAP1, ERAP2, the number of warts, and a number of recurrences (p < 0.001).

Limitations: The small sample size, the lack of measurements of ERAP1 and ERAP2 before and after the treatment, and the
exclusion of medical conditions such as diabetes mellitus and hypertension.

Conclusion: The current study findings highlight the potential utility of serum ERAP1 and ERAP2 as novel biomarkers for
identifying patients with recalcitrant warts.
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Introduction

Warts are benign epidermal cell proliferations generated by
human papillomaviruses (HPVs), which are DNA viruses
with a particular affinity for keratinocytes.! About 5% of
human malignancies are caused by persistent infections with
oncogenic HPVs.2

Although most warts disappear on their own in months or
years, there are instances of resistant warts continuing to

grow despite numerous treatment attempts. Although the
precise process is unknown, cellular immunity is essential
for the clearance of HPV infections. Individuals with large,
enduring, or treatment-resistant warts may have immune
system deficiencies that contribute to their vulnerability to
HPV.?

One-third of non-genital warts are resistant to immunotherapy
and the majority of conventional therapies. It seems that
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the prevalence of resistance is rising due to the increasing
immunosuppressant use.*

Antigens on MHC are monitored by the immune system in
order to distinguish the infections. Endoplasmic reticulum
amino-peptidases (ERAP1 and ERAP2) trim antigenic
peptides broken down in proteasomes to the proper lengths for
presentation on MHC-I molecules and subsequent activation
of T-cells or NK-cells. Accordingly, ERAP1 and ERAP2 may
be targets for viral infections and autoimmune disorders.’

This study aimed to assess serum concentrations of ERAP1
and ERAP?2 in patients with recalcitrant warts.

Methods

Study design and population

A cross-sectional design was applied. Patients (200) were
divided into two groups. Group (I) patients had resistant
warts (n=100), and group (II) age- and sex-matched subjects
with history of treated warts of matched sites and types
with no recurrence (n=100). They were recruited from the
Dermatology Outpatient Clinic at Benha University Hospitals
between October 2022 and March 2024.

The literature does not provide a clear definition of
recalcitrant warts. Refractory warts were classified as such if
they had been treated with more than two standard techniques
and were still unresponsive or if they had persisted for
more than two years.® Patients in Group I had a history of
incomplete clearance or recurrence following two or more
electrocautery sessions, four or more cryocautery treatments,
and intralesional bleomycin.

However, patients with genital warts, those on systemic
steroids or other immunosuppressive  treatments,
immunocompromised individuals, those suffering from
chronic systemic diseases, and pregnant women were
excluded.

Ethics

The protocol of work was approved by the Benha Faculty of
Medicine's Ethics Committee on Human Subjects Research,
Egypt (MS.43.9.2022) and registered with ClinicalTrials.
gov (number NCTO06833164). Prior to participation, all
individuals provided informed consent.

Data collection and Laboratory investigations

Each participant gave a full medical history, focusing on
the duration of warts, previous treatments, and a number of
recurrences. Cutaneous examination was done to determine
the type, site, number, and sizes of warts. Commercial human
ELISA kits were used to measure serum levels of ERAP1
(Catalogue number: SRB-T-83718, Sensitivity:0.045ng//
mL, Range: 0.05-15ng/mL) and ERAP2 (Catalogue number:
201-12-8104, Sensitivity:10.25ng//L, Range: 15-3500ng/L),
Shanghai SunRed Biological Technology Co., Ltd., China.

ERAPI and ERAP2 in recalcitrant warts

Statistical analysis

The data was evaluated by SPSS version 28 (IBM, Armonk,
NY, USA). The normality of quantitative data was determined
using the Shapiro-Wilk test. Means and standard deviations
were used to represent quantitative data, whereas numbers
and percentages were used for categorical data. Comparison
between the groups was done with student's t-test, Mann-
Whitney U test, Chi-squared test, or Kruskal-Wallis test.
Receiver operating characteristic (ROC) curves were used to
determine the best cutoff point for each marker. The Pearson
correlation coefficient was applied to show correlations
between different variables. A P-value<0.05 was considered
significant.

Results

The mean age of group (I) was 25.52 + 10.65 years and group
(IT) was 27.91 + 7.77 years, with no significant difference (p
=0.07). Both groups were sex matched (p = 0.4). The ERAP1
level was significantly lower in group (I) (2.21 + 1.22 ng/
mL) than in group (II) (11.1 + 4.1 ng/mL) (p < 0.001). The
ERAP2 level in group (I) (1.21 = 0.7ng/mL) was significantly
lower than in group (II) (6.2 £ 2.5ng/mL) (p < 0.001) [Table
1, Figure 1].

ERAPI1 and ERAP2 levels did not differ significantly for
gender (p = 0.1, 0.3, respectively) and family history of
recurrent warts (p = 0.5, 0.6, respectively) [Table 2].

There was a significant difference in ERAP1 levels (p = 0.04)
according to the site of warts but not in ERAP2 (p = 0.4 )
[Table 3].

Significant positive correlation was detected between ERAP1
and ERAP2 (r=0.8,p<0.001). ERAP1 and 2 were negatively
correlated with the number of warts and the number of
recurrences with statistical significance (p <0.001 for both).
However, ERAPI and 2 had no significant correlation with
other variables, including the age of the patient, duration
of the disease, and size of warts (p > 0.05 for all) [Table 4,
Figure 2].

Optimal cutoff points of serum ERAPI and ERAP2 levels
significantly distinguish between patients with recalcitrant

Table 1: Demographic and laboratory data of the study groups
Group (I) | Group (II) Test of p-value
(n=100) (n=100) | significance
Age (year) 25.52+10.65 | 27.91£7.77 t=1.8 0.07
mean + SD
Sex n (%)
Female 50 (50) 60(60) X?=2.02 0.15
Male 50 (50) 40(40)
ERAPI (ng/ml) 221+1.22 | 11.1+£4.1 t=20.8 <0.0001%*
mean + SD
ERAP2 (ng/ml) 1.21+0.7 6.2=+2.5 t=19.2 <0.0001%*
mean + SD
t: Student t-test, X2: Chi-square, SD: Standard deviation, * Significant p- value
<0.05
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Figure 1: Serum levels of ERAP1 and ERAP2 in the study groups.

Figure 2: Correlation between serum ERAP1 and ERAP2.

Table 2: Comparison of ERAP1 and ERAP2 levels among group (I) regarding sex and family history

Variables Male (n=50) Female (n=50) U p-value
Mean + SD Mean + SD
ERAPI (ng/mL) 1.96+0.9 25+1.5 1.5 0.1
ERAP2 (ng/mL) 1.1+0.6 1.3£09 1.1 0.3
Positive family history of recurrent warts (n=52) | Negative family history of recurrent warts (n=48)
Mean = SD Mean + SD
ERAPI (ng/mL) 23+13 2.1+1.1 0.4 0.5
ERAP2 (ng/mL) 12407 1.3£0.8 0.7 0.6

U: Mann-Whitney U-test, SD: Standard deviation

Table 3: Comparison of ERAP1 and ERAP2 levels in group (I)
regarding the site of warts

Variables n. Mean + | K-W | p-value
SD

ERAP1 Periungual warts 10 36+14 9.5 0.04*
(ng/mL) | plantar warts 26 1.9+0.7

Palmar warts 16 1.9+£0.8

Plane warts 20 29+1.7

Common warts 28 1.6+0.7
ERAP2 Periungual warts 10 1.7£0.9 4.4 0.4
(g/mL) | plantar warts 26 1.1£0.5

Palmar warts 16 1.1+£0.6

Plane warts 20 1.6+0.2

Common warts 28 09+04

Kruskal-Wallis test=K-W, *Significant p-value<0.05

Table 4: Correlations of serum ERAP1 and ERAP2 with different

variables

Variables ERAP1 ERAP2

r p-value r p-value
Age -0.04 0.8 0.1 0.5
Duration of disease 0.2 0.2 0.2 0.2
Size of warts 0.1 0.4 -0.04 0.8
Number of warts -0.79 <0.001* -0.66 <0.001*
Number of recurrences -0.8 <0.001* -0.6 <0.001*
Serum ERAP2 0.8 <0.001*

warts and those with non-recurrent warts where the arca
under the curve (AUC) equals 0.88 and 0.84, respectively,
and a significant p-value <0.001 [Table 5, Figure 3].

Discussion

ERAPs can be released into the extracellular environment
and undertake a number of pathogenic activities in addition
to their role as antigen-processing enzymes.”” To our
knowledge, this is the first study to assess serum levels of
ERAP1 and ERAP2 in patients with recalcitrant warts. The
present study found that patients with resistant warts had
considerably lower ERAP1 and ERAP2 levels than those
with no recurrence. Moreover, ERAP1 and ERAP2 showed
an evident negative correlation with the number of warts and
recurrence rate.

ERAPI, a zinc metallopeptidase, trims peptides and cleaves
proinflammatory cytokine receptors like TNF-a, IL-6, IL-1 a,
and IL-1 B to modulate signal intensity on the cell surface.'®

Table 5: ROC curve analysis for serum ERAP1 and ERAP2 in the
prediction of recalcitrant warts among all participants

\Variables | AUC | 95% CI | Cutoff | Sensitivity | Specificity | p-value
ERAP1 | 0.88 | 0.8-0.97 | 4.50 88 90 <0.001*
(ng/mL)
ERAP2 | 0.84 | 0.75-0.93 | 2.35 81 86 <0.001*
(ng/mL)

1: Pearson correlation coefficient, SD: Standard deviation, K-W: Kruskal-Wallis
test, *Significant p-value<0.05

ROC: Receiver operating characteristic, AUC: Area under curve, CI: Confidence
interval, *Significant p-value <0.05
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Figure 3: ROC curves for serum ERAP1 and ERAP2 in the prediction of
recalcitrant warts

These cytokines, produced by CD4+ and CD8+ T-cells, are
linked to wart regression.!! Disruption or absence of ERAP
function can change the antigens presented by MHC I
molecules, influencing the activation of NK cells and CD8+
T cells. This can result in a weakened immune response and
illness development.'?

Previous studies have described the dysregulation of ERAP1 in
many conditions, such as HIV, lymphocytic choriomeningitis
virus (LCMYV), human cytomegalovirus (HCMYV), hepatitis
B virus (HBV), and hepatitis C virus (HCV) infection.!>"”

The results of this research showed a strong positive
association between ERAP1 and ERAP2. The previously
published studies demonstrated that ERAP1 and ERAP2
work together to produce complete epitopes that bind to MHC
L. It was discovered that ERAP2 physically associates with
ERAPI1 and exhibits unique specificity for the N-terminal
of the peptides. It is anticipated that this complex handles
the many precursor peptides more effectively than individual
enzymes.'®

In line with the positive correlation between ERAP1 and
ERAP2, Kemming et al. found that variation in one ERAP-
coding gene influences the function of the other, modifying
the immune reaction to HCV."

However, ERAP's role may be context dependent. In mice
with HLA-B27, the deletion of ERAP resulted in a substantial
reduction in CD8+ T response to influenza epitopes. In
contrast, ERAP was not required for peptide processing in
the presence of HLA-B7.%°

Limitations

Limitations of this study include the small sample size, the
lack of measurements of ERAP1 and ERAP2 before and
after treatment, and the exclusion of medical conditions such
as diabetes mellitus and hypertension. Further prospective
studies with analysis of ERAP1 and ERAP2 coding gene
polymorphisms are necessary to validate the current findings
and elucidate the underlying mechanisms. Correlations

ERAPI and ERAP2 in recalcitrant warts

between tissue expression and serum levels of ERAP1 and
ERAP2 will help clarify their role in the pathogenesis of
warts. The correlation of ERAPs with HPV viral load and
different HPV serotypes needs to be assessed in future studies.

Conclusion

ERAP1 and ERAP2 play critical roles in the immunity against
HPV infections. Dysregulation of these amino-peptidases
may contribute to the persistence and aggression of warts.
Incorporating such markers into clinical practice may aid
in early detection, risk stratification, and individualised
treatment options for patients with resistant warts.
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