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Abstract: Objective: To analyze and evaluate the value of the anti-epidermal intercellular desmosome antibodies, anti-
desmoglein (Dsg) 1, and anti-Dsg3, as well as the anti-epidermal basement membrane hemidesmosomes antibodies, anti-
BP180, and anti-BP230 in the diagnosis of pemphigus and bullous pemphigoid. Methods: Patients with pemphigus or
bullous pemphigoid treated in the Department of Dermatology of Dalian Dermatosis Hospital from July 2019 to July
2021 were selected. They were clinically diagnosed with histopathological and indirect immunofluorescence methods.
They were divided into the pemphigus group (n = 102) and the bullous pemphigoid group (n = 175). Additionally, 120
patients who were ruled out of pemphigus and bullous pemphigoid during the same period were selected as the control
group. Enzyme-linked immunosorbent assay (ELISA) was used to detect anti-Dsgl, anti-Dsg3, anti-BP180, and anti-
BP230 antibodies. Indirect immunofluorescence (IIF) was used to detect the IgG levels of the anti-epidermal intercellular
desmosome antibodies and anti-epidermal basement membrane hemidesmosomes antibodies. The positive rate, sensitivity,
specificity, positive predictive value (PPV), negative predictive value (NPV), and diagnostic rate of each antibody were
evaluated and analyzed comprehensively. Results: In the pemphigus group, bullous pemphigoid group, and control group,
the positive rates of anti-Dsgl are respectively 83.3% (85/102), 0 (0/175), and 1.7% (2/120); the positive rates of anti-
Dsg3 are 41.1% (42/102), 0 (0/175), and 0 (0/120), respectively; the positive rates of BP180 are 5.9% (6/102), 85.7%
(150/175), and 5% (6/120), respectively; the positive rates of BP230 are 1.9% (2/102), 57.7% (101/175), and 1.7% (1/120),
respectively. Meanwhile, the positive rates of anti-epidermal intercellular desmosome antibodies are 69.6% (71/102), 0
(0/175), and 0 (0/120), respectively; the positive rates of anti-epidermal basement membrane hemidesmosome antibodies
are 0% (0/102), 51.4% (90/175), and 0 (0/120), respectively. Among the patients with pemphigus, the sensitivity,
specificity, PPV, NPV, and diagnostic rates of the anti-epidermal intercellular desmosome antibody test were 65.1%,
100%, 100%, 85.2%, and 92.2%:; for anti-Dsgl, respectively, 83.3%, 99.3%, 97.7%, 88.7%, and 95.2%; for anti-Dsg3,
respectively, 41.1%, 100%, 100%, 83.1%, and 84.9%. Among the patients with bullous pemphigoid, the sensitivity,
specificity, PPV, NPV, and diagnostic rates of the anti-epidermal basement membrane hemidesmosomes antibody test
were 51.4%, 100%, 100%, 72.3%, and 78.6%; for anti-BP180, respectively, 85.7%, 94.6%, 92.6%, 89.4%, and 90.7%;
for anti-BP230, respectively, 57.7%, 98.2%, 96.2%, 74.7%, and 80.1%. Conclusion: The detection of autoantibodies in
serum and the confirmation of the specific target antigens could complement each other to reduce clinical missed diagnosis
and increase the positive diagnostic rate if the two tests were conducted simultaneously. The positive result of the anti-

epidermal intercellular desmosome antibody and the anti-epidermal basement membrane hemidesmosomes antibody has




better accuracy in diagnosing pemphigus and bullous pemphigoid. In contrast, the negative result is of great value in ruling
out pemphigus and bullous pemphigoid.
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1. Introduction

Pemphigus (P) and bullous pemphigoid (BP) are typical intraecpidermal and subepidermal autoimmune bullous
dermatoses (AIBD), respectively . Autoantibodies mediate their onset, but the autoantibody profiles of the
two diseases differ ¥, In patients with pemphigus, indirect immunofluorescence (IIF) can be used to detect
the presence of antibodies against desmosomes between spiny cells in the patient’s serum, and enzyme-linked
immunosorbent assay (ELISA) can be used to detect autoantibodies such as anti-desmoglein (Dsg) 1 and
anti-Dsg3. The IIF method in patients with bullous pemphigoid can detect the presence of hemidesmosomal
antibodies against the epidermal basement membrane in the patient’s serum. The ELISA method can detect
specific anti-BP180 and anti-BP230 antibodies, and it is found that the serum of more than 90% of bullous
pemphigoid patients contains anti-BP180 antibodies, which is related to the disease severity ", Previous
literature shows that direct immunofluorescence (DIF) is the “gold standard” for diagnosing bullous dermatoses,
but there are false negatives or false positives in clinical practice "' To explore the clinical application and
significance of the detection of anti-Dsgl, anti-Dsg3, anti-BP180, and anti-BP230 antibodies in the serological
diagnosis of bullous dermatoses, the IIF and ELISA test results of patients with bullous dermatoses in Dalian
were collected and analyzed, providing the basis for the diagnosis and treatment of pemphigus and bullous
pemphigoid.

2. Materials and methods
2.1. Clinical data

Patients diagnosed and treated from July 2019 to July 2021 at Dalian Dermatosis Hospital were selected. Based
on clinical manifestations and pathological results, 102 cases of diagnosed pemphigus were recorded as group
P; 175 patients diagnosed with bullous pemphigoid were recorded as group BP. During the same period, 120
patients who were clinically ruled out of having autoimmune bullous dermatoses were selected as the control
group. The sera of all the patients were collected for testing. In the control group, there were 70 cases of
eczema, 7 cases of dermatitis, 10 cases of prurigo nodularis, 4 cases of urticaria, 8 cases of psoriasis, 2 cases of
epidermolysis bullosa, 3 cases of oral lichen planus, 1 case of erythroderma, 12 cases of erythema multiforme,
2 cases of fixed-drug eruption, and 1 case of folliculitis. There is no clinical subdivision of pemphigus, so the
patients were classified into the pemphigus group (group P) in this study. Since epidermolysis bullosa has
pathological manifestations on the dermal side and the general target antigen is collagen VII, the cases were
classified in the control group instead of the BP group.

2.2. Methods

Serum anti-Dsgl, anti-Dsg3, anti-BP180, and anti-BP230 antibodies were measured using ELISA kits (Oumeng
Medical Experimental Diagnostics AG, Germany) according to the kit’s instructions. 100 ul of serum specimen,
Dsgl, Dsg3, BP180, and BP230 antibody standards was each added to the reagent wells and incubated at
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room temperature for 30 minutes. After washing three times, 100 pl enzyme-labeled antibodies was added
to each well and incubated at room temperature for 30 minutes; washing was repeated for 3 times, 100 pl
substrate solution was added to each well and incubated at room temperature for 15 minutes, and then 100 pl
stop solution was added. A fully automated microplate reader (TECAN fully automated enzyme immunoassay
instrument) was used for the measurement, with 450 nm as the detection wavelength and 620 nm as the
reference wavelength. The absorbance value was recorded and data processing was performed according to the
calculation method provided in the instruction manual. According to the kit’s instructions, antibody quantitative
value of > 20 RU/ml is positive and < 20 RU/ml is negative.

The indirect immunofluorescence method was used to determine the serum antibody IgG level using the
IIF kit (Oumeng Medical Experimental Diagnostics AG, Germany), and it was performed according to the
kit’s instructions. The anti-epidermal basement membrane hemidesmosome antibodies and anti-epidermal
intercellular desmosome antibodies IgG subtypes in the patient’s serum were detected using the monkey
esophagus and tongue tissue sections as the detection matrix. Fluorescein-labeled goat anti-human IgG was
used as the secondary antibody, and the results were observed under a fluorescence microscope. Positive and
negative serum controls were set for each batch.

2.3. Statistical processing

The data were collected using the SPSS22.0 statistical software package. The positivity rate, sensitivity,
specificity, positive predictive value (PPV), negative predictive value (NPV), and diagnostic rate were
calculated for anti-Dsgl, anti-Dsg3, anti-BP180, anti-BP230, anti-epidermal intercellular desmosome
antibodies, and anti-epidermal basement membrane hemidesmosome antibodies, and the four-grid table * test
was used to determine the test level o = 0.05.

3. Results

3.1. Overall detection status of anti-Dsgl, anti-Dsg3, anti-BP180, anti-BP230, anti-epidermal
intercellular desmosome antibodies, and anti-epidermal basement membrane hemidesmosome
antibodies

In the pemphigus group, bullous pemphigoid group, and control group, the positive rates of anti-Dsgl antibodies
were 83.3% (85/102), 0 (0/175), and 1.7% (2/120) respectively; the positive rates of anti-Dsg3 antibodies were
41.1% (42/102), 0 (0/175), and 0 (0/120) respectively; the positive rates of anti-BP180 antibodies were 5.9%
(6/102), 85.7% (150/175), and 5% (6/120) respectively; the positive rates of anti-BP230 antibodies were 1.9%
(2/102), 57.7% (101/175), and 1.7% (1/120) respectively; the positive rates of anti-epidermal intercellular
desmosome antibodies were respectively 69.6% (71/102), 0 (0/175), and 0 (0/120); and the positive rates of
anti-epidermal basement membrane hemidesmosome antibodies were respectively 0% (0/102), 51.4% (90/175),
and 0 ( 0/120). In the pemphigus group, the positive rate of anti-Dsgl and anti-Dsg3 antibodies, and anti-
intercellular desmosome antibodies was statistically significant compared with the bullous pemphigoid and
control groups (P < 0.01). In the pemphigoid group, the positive rate of anti-BP180 and anti-BP230 antibodies,
and anti-epidermal basement membrane hemidesmosome antibodies was statistically significant compared to

the pemphigoid and control groups (P < 0.01), as shown in Table 1.
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Table 1. Results analysis of the pemphigus, bullous pemphigoid, and control groups

Positive rate (%)

Antibody
Group P (n=102) Group BP (n =175) Control group (n =120)

Anti-Dsg1* 83.3 (85/102) 0 (0/175) 1.7 (2/120)
Anti-Dsg3* 41.1 (42/102) 0 (0/175) 0(0/120)
Anti-epidermal intercellular desmosome antibodies™ 69.6 (71/102) 0 (0/175) 0(0/120)
Anti-BP180** 5.9 (6/102) 85.7 (150/175) 5 (6/120)
Anti-BP230** 1.9 (2/102) 57.7 (101/175) 1.7 (2/120)
Anti-epidermal basement membrane hemidesmo- 0(0/102) 51.4 (90/175) 0 (0/120)

some antibodies**

*P=0.007, P<0.01; **P=0.004, P <0.01

3.2. Test evaluation of anti-Dsg1, anti-Dsg3, anti-BP180, anti-BP230, anti-epidermal intercellular
desmosome antibodies, and anti-epidermal basement membrane hemidesmosome antibodies

The sensitivity, specificity, PPV, NPV, and diagnostic rate of anti-epidermal intercellular desmosome antibody
detection test for pemphigus patients were 65.1%, 100%, 100%, 85.2%, and 92.2%, respectively; for anti-Dsg]1,
respectively, 83.3%, 99.3%, 97.7%, 88.7%, and 95.2%; and for anti-Dsg3, respectively, 41.1%, 100%, 100%,
83.1%, and 84.9%. The sensitivity, specificity, PPV, NPV, and diagnostic rate of the anti-epidermal basement
membrane hemidesmosome antibody test for bullous pemphigoid patients were 51.4%, 100%, 100%, 72.3%,
and 78.6%, respectively; for anti-BP180 antibody, 85.7%, 94.6%, 92.6%, 89.4%, and 90.7%, respectively; and
for anti-BP230 antibody, 57.7%, 98.2%, 96.2%, 74.7%, and 80.1%, respectively (Tables 2 and 3).

Table 2. The analysis and evaluation of anti-Dsgl and anti-Dsg3 antibodies and anti-epidermal intercellular
desmosome antibody in pemphigus group

Pemphigus group Sensitivity (%) Specificity (%) PPV (%) NPV (%) Diagnostic rate (%)
Anti-Dsgl 83.3 99.3 97.7 88.7 95.2
Anti-Dsg3 41.1 100 100 83.1 84.9

Anti-epidermal intercellular

desmosome antibodies 65.1 100 100 85.2 92.2

Table 3. The analysis and evaluation of anti-BP180 and anti-BP230 antibodies and anti-epidermal basement

membrane hemidesmosomes antibodies in bullous pemphigoid group

Bullous pemphigoid group Sensitivity (%)  Specificity (%) PPV (%) NPV (%)  Diagnostic rate (%)
Anti-BP180 85.7 94.6 92.6 89.4 90.7
Anti-BP230 57.7 98.2 96.2 74.7 80.1

Anti-epidermal basement membrane

hemidesmosome antibodies L4 100 100 723 78.6

3.3. Evaluation of detection results of indirect immunofluorescence method and enzyme-linked
immunosorbent assay

The tissues used for indirect immunofluorescence detection were monkey esophagus and tongue tissue sections
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while the enzyme-linked immunosorbent assay used purified or genetically recombinant specific antigens as the
detection matrix, detecting the antibody levels in the patient’s serum from different aspects. This part analyzed
the results of dual-method detection of pemphigus and bullous pemphigoid-related antibodies, as shown in
Tables 4 and 5.

Table 4. The results analysis of pemphigus by the two methods

Results
Test methods Total
+ —
ELISA 102 0 102
1IF 45 57 102

Among 102 patients with pemphigus, 102 were positive for anti-Dsgl or anti-Dsg3 antibodies, with a
positive rate of 100%. Among the 102 patients, 45 had positive IIF test results at the initial diagnosis, with a
positive rate of 44.1%. The positive rate of the IIF method is lower than that of the ELISA method.

Table 5. The results analysis of bullous pemphigoid by the two methods

Results
Test methods Total
+ —
ELISA 175 0 175
1IF 112 63 175

Among 175 patients with bullous pemphigoid, 175 were positive for anti-BP180 or anti-BP230 antibodies,
with a positive rate of 100%. Among the 175 patients, 112 had positive IIF test results at the initial diagnosis,
with a positive rate of 64.0%. The positive rate of the IIF method is lower than that of the ELISA method.

4. Discussion

Autoimmune bullous dermatoses (AIBD) are a group of organ-specific autoimmune diseases. The patient’s
serum has antibodies (desmosomes, hemidesmosomes) against structures of skin junctions. Autoantibodies
damage the connections between epidermal cells and between the epidermis and the dermis, causing
intraepidermal blisters or subepidermal blistering diseases. AIBD can be clinically divided into pemphigus and
bullous pemphigoid. In addition to typical clinical manifestations, specific antibodies often appear in patients’
serums. For example, anti-epidermal intercellular desmosome antibodies, anti-Dsgl antibodies, and anti-
Dsg3 antibodies are detected in the serum of patients with pemphigus; anti-epidermal basement membrane
hemidesmosome antibodies, anti-BP180 antibodies, and anti-BP230 antibodies are detected in the serum of
patients with bullous pemphigoid .

Clinical diagnosis of patients with bullous dermatoses mainly relies on skin pathology, and serological
testing is not widely used. However, the detection of skin pathology is invasive, with slow wound healing
when patients undergo immunosuppressive and hormonal treatments, and the location from which the skin
specimen is collected, etc., can also easily lead to false negative results. Domestic expert recommendations
%) clearly stated that the detection of serum antibodies can be used as a diagnostic standard for these types
of diseases and that the antibody titer is positively correlated with the severity assessment and treatment
monitoring. The methods for the detection of antibodies in serum include IIF and ELISA, but most laboratories

5 Volume 2; Issue 1



do not fully utilize these two methodologies for detection, which may lead to certain deficiencies in diagnosis
™. The indirect immunofluorescence method detects total antibodies and cannot classify antibody target
antigens. Evaluating antibody titer changes is not as intuitive and sensitive as the ELISA method, and treatment
monitoring is poor !'”.

102 patients with clinically diagnosed pemphigus and 175 patients with bullous pemphigoid were selected
for serum antibody tests, and 120 patients without bullous dermatoses were collected as a control group. The
anti-epidermal intercellular desmosome antibodies, anti-epidermal basement membrane hemidesmosome
antibodies, anti-Dsg1, anti-Dsg3, anti-BP180, and anti-BP230 antibodies in the patient’s serum were statistically
analyzed respectively, and the value of each antibody in disease diagnosis was evaluated. The research results
showed that anti-epidermal intercellular desmosome antibodies, anti-Dsg1, and anti-Dsg3 antibodies have better
specificity, sensitivity, PPV, NPV, and diagnostic rate in patients with pemphigus, among which the diagnostic
rates are respectively 92.2%, 95.2%, and 84.9%, which are similar to the research results of Chen ez al. """,
The research results of Li et al. "' demonstrated that the ELISA method detecting anti-Dsg antibodies can be
used as a screening method for bullous diseases. No further testing is needed if the results are consistent with
the clinical diagnosis. Further pathological and immunofluorescence testing can be performed if the results
show discrepancy with the clinical diagnosis. Anti-epidermal basement membrane hemidesmosome antibodies,
anti-BP180, and anti-BP230 antibodies also show good characteristics in patients with bullous pemphigoid,
with diagnostic rates of 78.6%, 90.7%, and 80.1%, respectively. It can be seen from the data that there are
differences in the specificity and sensitivity between the indirect immunofluorescence method and the enzyme-
linked immunosorbent assay. The specificity of the indirect immunofluorescence method is almost 100%, but
the sensitivity is lower than that of the enzyme-linked immunosorbent method. They play a complementary role
in the diagnosis of diseases and avoid missed diagnoses due to a single methodology. We can see from the test
results of the dual-method detection that the positive rate of the ELISA method is significantly higher than the
IIF method. This test result is slightly different from the research results of Huang et al. "*'*. From the matrix
analysis of the test, the monkey esophageal or tongue tissues are used to detect anti-epidermal intercellular
desmosome antibodies and anti-epidermal basement membrane hemidesmosome antibodies, the target antigens
are anti-Dsgl, anti-Dsg3, anti-BP180, and anti-BP230 antibodies, and the consistency of the two methods
should be better. From the perspective of human subjective interpretation of IIF, the difference between the
results of this study and that of Huang et al. may be caused by fluorescence interpretation. Our laboratory will
further standardize the interpretation and observe the consistency of the dual-method detection results to better

inform clinical practice.
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Abstract: Background: Methotrexate is a highly effective systemic treatment for moderate to severe psoriasis, but drug
toxicity may limit its use. Recent evidence suggests that it is necessary to take into account the individual characteristics of
methotrexate pharmacokinetics, which are determined by the presence of polymorphisms of genes encoding methotrexate
carrier proteins, to predict the risk of methotrexate-induced toxicity. Aim.: The research aims to assess the associations of
ABCBI 151045642 (3435C>T) polymorphism with methotrexate safety for patients with moderate and severe psoriasis.
Methods: The study included 75 psoriasis patients treated with methotrexate with 21 days of follow-up duration. Data on
adverse drug reactions (ADR) were collected using a clinically structured questionnaire, and complete and biochemical
blood tests, and urinalysis were performed. The severity of ADR was assessed using visual analog scales and the CTCAE
toxicity scale. The severity of gastrointestinal ADR was assessed using the GSRS questionnaire. Genotyping was carried
out by real-time PCR. Results: Gastrointestinal toxicity was detected in 38 patients (50.67%). The mean GSRS score was
7.97 £ 9.18. Analysis of differences in the ADR incidence showed the presence of statistically significant differences in
the frequency of ADR in the gastrointestinal tract: the toxic effect of methotrexate was more often observed in carriers
of the T allele of the ABCBI rs1045642 polymorphism (3435C>T), (CC: 2 (14.3%), TC: 18 (52.9%), TT: 18 (66.7%),
P = 0.006). Binomial regression demonstrated the presence of a statistically significant effect of the rs1045642 single-
nucleotide polymorphism of the ABCBI gene on the incidence of ADR from the gastrointestinal tract (OR = 8.64, P = 0.008).
Conclusion: An association of ABCBI rs1045642 single-nucleotide polymorphism with the safety of methotrexate therapy
in patients with moderate and severe psoriasis was revealed. The data obtained can be used to personalize the prescription

of methotrexate to psoriasis patients.

Keywords: Pharmacogenetics; Biomarkers; Drug safety; Psoriasis; Methotrexate; Single-nucleotide polymorphism;
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1. Introduction

Psoriasis is one of the most common skin diseases ", Psoriasis is a chronic relapsing disease whose therapeutic
goal is to gain control of the disease course and minimize adverse drug reactions (ADRs) by using drugs
that maintain long-term remission and are well tolerated by patients ™. Methotrexate (4-deoxy-4-amino-10-
methylfolic acid) is a highly effective drug for the systemic treatment of moderate to severe psoriasis, but the
toxicity of the drug may limit its use "*. According to the meta analysis conducted by West et al., methotrexate
has been reported in an average of 28.3% of patients. Gastrointestinal tract disorders are the most frequent
ADR for methotrexate: 18.2% of patients have nausea and vomiting; 11.1% have ulcerations of the oral mucosa
and other mucositis (gingivitis, ulcerative stomatitis, enteritis); 7.5% of patients reported the occurrence of
abdominal pain; 6.6% of patients reported the occurrence of functional bowel disorders °'. The quality of life
of patients is severely affected, which in 13-28% of cases leads to forced interruption of treatment . The main
mechanism for the development of ADRs during methotrexate therapy is its cytotoxic effect on rapidly dividing
cells, namely, inhibition of folate metabolism in tissues with high proliferation of cells with a high need for
purines, thymidine, and methionine. Since the epithelium of the gastrointestinal tract is characterized by a high
cell population renewal rate, folate deficiency is the main mechanism in the development of this group of ADRs
Ul Patients with psoriasis are often forced to use methotrexate for long periods of time, and there is currently
no algorithm that can predict individual patient response to therapy; the study of safety issues of therapies is a
highly urgent task. Due to the fact that low doses of methotrexate are used for psoriasis therapy, measuring the
drug concentration in the plasma to predict its toxicity has no clinical significance. Recently, much attention
has been paid to the role of genetic factors in individual tolerance to psoriasis therapy ", they may be able to
predict the development of about half of adverse responses to treatment ..

The frequency of gastrointestinal tract ADRs may be influenced by genetic factors, namely the presence of
polymorphisms in genes encoding methotrexate transporter proteins. According to current research, to predict
the risk of methotrexate-induced toxicity, it is necessary to take into account individual characteristics of its
pharmacokinetics, which are determined by the presence of polymorphisms in genes encoding proteins that
carry methotrexate ">'".

The bioavailability of methotrexate is dependent on ABC family transporters, which transport methotrexate
molecules from enterocytes into the lumen of the gastrointestinal tract, as well as from P-glycoprotein (ABCB1
protein), a transporter protein that transports methotrexate molecules from enterocytes into the lumen of the
gastrointestinal tract. The ABCBI gene, encoding P-glycoprotein, has a significant degree of polymorphism. The
3435C>T polymorphism, which is a substitution of a cytosine nucleotide for a thymidine nucleotide at position
3435, has the highest clinical significance and prevalence '*. It is proved that a low level of ABCBI expression
in the intestine and kidneys leads to a decrease in P-glycoprotein content in these organs and consequently to
more complete absorption and slower excretion of its substrates, which include methotrexate. As a result, the
concentration of methotrexate in blood plasma is elevated, thus increasing the likelihood of developing ADRs .

This paper aims to identify associations of the single-nucleotide polymorphism ABCBI rs1045642
(3435C>T) with the safety of methotrexate therapy in patients with moderate to severe psoriasis. In particular,
it aims to assess the frequency and severity of adverse drug reactions of the gastrointestinal tract and to analyze

the relationship between the frequency and severity of adverse drug reactions and patients’ genotypes.

2. Materials and methods
2.1. Study design

The prospective study was conducted in two phases: at the first stage, dynamic patients with moderate and

9 Volume 2; Issue 1



severe psoriasis were monitored, who were being treated in the 24-hour inpatient unit of the dermatology
department, to identify adverse drug reactions that may be associated with methotrexate intake, their frequency,
and severity.

From the moment of inclusion in the study, clinical, demographic, and laboratory examinations of the
patients were carried out, and psoriasis severity was assessed using the Psoriasis Area and Severity Index
(PASI) "¥. Data on adverse drug reactions were collected using a specially developed structured questionnaire,
and complete and biochemistry blood tests, and urinalysis were performed. We analyzed the causal relationship
between methotrexate intake and the development of ADRs using the Naranjo scale and the Liverpool causality
assessment tool to assess the cause of adverse drug effects. The severity of adverse drug reactions was assessed
using visual analog scales and the CTCAE (Common Toxicity Criteria for Adverse Event) scale.

In the second stage of the study, the frequency of alleles of the single-nucleotide polymorphism of the
gene ABCBI (rs1045642) in this sample of patients and the association between the presence of genetic
polymorphism and gastrointestinal safety parameters of methotrexate therapy were analyzed.

2.2. Eligibility criteria
75 patients diagnosed with psoriasis were included in the study. The patients were hospitalized in the Clinical
Dermatology Department of the Russian Ministry of Health and were treated with methotrexate in the
recommended therapeutic dosages.

The criteria for inclusion of patients in the study were:

(1) Presence of written informed consent of the patient to participate in the study.

(2) Patients with clinical forms of psoriasis: common psoriasis, pustular psoriasis (von Zumbusch pustular

psoriasis, Barber’s palms and soles), psoriatic erythroderma, arthropathic psoriasis.

(3) Patients receiving methotrexate during hospitalization.

The criteria for non-inclusion were:

(1) Severe somatic pathology.

(2) Psychotic state or history of severe psychotic illness.

(3) Concomitant use of drugs that affect the pharmacokinetics and/or pharmacodynamics of methotrexate.

The exclusion criteria were:

(1) Refusal of the patient to continue participation in the study.

Inclusion in the study occurred within the first 24 hours after the first methotrexate injection. Informed
consent for inclusion in the study was obtained from each patient, and comprehensive information was given

about the study, its aims, and results.

2.3. Research conditions

The work was carried out on the basis of the Federal State Budgetary Institution State Scientific Center for
Children’s Culture of the Ministry of Health of Russia (Director, Academician of the Russian Academy of
Sciences, Doctor of Medical Sciences, Professor A.A. Kubanov). Pharmacogenetic studies were carried out at
the Research Institute of Molecular and Personalized Medicine of the Ministry of Health.

2.4. Duration of the study
The study was conducted from 2019 through 2021, and the planned duration of follow-up for each patient was

21 days. There were no shifts in the planned time intervals during the study.
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2.5. Medical intervention

2.5.1. Clinical research methods

The data on symptomatic adverse drug reactions were identified during the patient interview using a specially
developed clinically structured questionnaire ", Questions about the tolerability of methotrexate therapy were
asked to the patient daily from the moment the patient was included in the study throughout the hospitalization
period. The principle of questionnaire development was based on the methodology of targeted detection of adverse
drug reactions, the effectiveness of which was proved in the work of Tsvetova !'": the patient was asked questions
regarding the presence of each of the expected symptomatic adverse drug reactions across all organs and systems.

In case of a positive response, the severity of ADR was assessed by the patient independently using the
visual-analog numerological evaluation scale graded from 1 to 10, they were asked to mark their perception of
symptom severity. In addition, the severity of ADR was assessed using the CTCAE v5.0 Toxicity Severity Scale
(Common Toxicity Criteria for Adverse Event, version 5.0, 2017) """,

The severity of adverse drug reactions in the gastrointestinal tract was assessed using a specialized
questionnaire to assess the quality of life of patients with regard to GI symptoms — GSRS (gastrointestinal
symptoms rating scale) "'*. The questionnaire included 15 questions assessing patients’ discomfort with
symptoms of pain, reflux, dyspepsia, diarrhea, and constipation. The patient self-assessed the severity of the
symptom constellation using targeted questions with a score from 1 to 7. Based on the sum, we calculated the
toxicity in the gastrointestinal tract for each patient.

The Naranjo scale was used to assess the causal relationship between methotrexate intake and ADR ",
Only those ADRs that had a definite, probable, possible degree of association were considered in the study.

2.5.2. Laboratory research methods

Biological material for genomic DNA extraction was obtained from 4 ml of venous blood collected from
all patients after signing informed consent to participate in the clinical trial in the Department of Clinical
Dermatology of FGBU GNTCDC Ministry of Health of Russia using a vacuum system VACUETTE (Greiner
Bio-One, Austria) into tubes with 0.5 M EDTA. Blood was drawn regardless of food intake and duration
of methotrexate therapy. Biological samples of whole blood were frozen at -70°C, then transported in
thermocontainers to the Research Institute of Molecular and Personalized Medicine of the Russian Ministry
of Health (Moscow) for genetic analysis. DNA extraction from whole venous blood samples was performed
using the reagent kit “S-Sorb” (Syntol LLC, Russia) according to the manufacturer’s protocol. Determination
of allelic variants of ABCBI single-nucleotide polymorphism (C3435T, rs1045642) was performed using a
commercial reagent kit (Syntol LLC, Russia) by the method of real-time PCR on the CFX96 Touch Real-
Time System with CFX Manager software version 3.0 (BioRad, USA). The amplification program included
incubation at 95°C for 3 minutes, followed by denaturation at 95°C for 15 seconds, and annealing at 63°C
for 40 seconds for 39 cycles. The fluorescence signal was detected by the channel for the fluorophore FAM
(carboxyfluorescein, absorption wavelength 492 nm, fluorescence wavelength 520 nm) and a channel for HEX
fluorophore (hexachlorofluorescein, absorption wavelength 535 nm, fluorescence wavelength 556 nm).

2.6. Statistical analysis

Statistical analysis was performed using the methods of parametric and non-parametric statistics using the
package of applied programs STATISTICA v10.0 (StatSoft Inc., USA). When selecting the method, the
normality of sample distribution was assessed using the Shapiro-Wilk W-test, homogeneity of variance was
assessed using the Fisher’s 7-test (when comparing two samples) and Levene’s test (when comparing several
samples). Differences were considered statistically significant at P < 0.05 (at statistical power > 80%). Student’s
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t-test or its nonparametric analog was used to compare two samples of quantitative data: Mann-Whitney U-test.
When comparing quantitative data from several samples simultaneously, parametric single- and multivariate
analysis of variance (and their non-parametric analogs) were used: Kruskal-Wallis analysis (ANOVA) and
the Jonckheere-Terpstra criterion (when testing the shift hypothesis against ordering alternatives). Qualitative
characteristics were compared using Fisher’s chi-square test. The effect of one variable on the other was

assessed by regression analysis.

2.7. Ethical review

The study was approved by the Local Ethical Committee of the “Russian Medical Academy of Continuing
Professional Education” Ministry of Health of the Russian Federation, protocol No. 9 of November 13, 2018.
The results of the review of the study protocol were found to be satisfactory, and the results of the study were
recommended for publication.

3. Results

3.1. Participants of the study

Of the 75 patients included in the study, there were 47 males (62.7%) and 28 females (37.3%), aged between 19
and 84 years. The mean duration of hospitalization was 24.6 = 8.2 days.

All patients included in the study had progressive stage of psoriasis. Patients received methotrexate in
the form of a solution (trade name: Methotrexate-Ebeve; manufacturer: EbevePharma, Austria) administered
intramuscularly once a week. The therapeutic dose of methotrexate was selected in accordance with the
clinical guidelines of the 2019 Russian Society of Dermatovenerologists and Cosmetologists. The mean dose
of methotrexate was 14.05 + 3.49 mg. The average number of injections was 3.15 + 1.00. All patients received
methotrexate in combination with folic acid, which was taken at a dosage of 5 mg 12-24 hours after each

methotrexate injection.

3.2. Gastrointestinal adverse drug reactions observed in patients with psoriasis during
methotrexate therapy

Manifestations of toxic effects of methotrexate developed in 38 patients (50.67%). All patients who experienced
one or another gastrointestinal ADRs were questioned using the GSRS Digestive Symptom Severity
Questionnaire, which assesses the quality of life of patients with regard to complaints of various GI disorders.
The most common intensity of symptoms was rated by patients as 1 (minor discomfort) to 4 points (relatively
severe but tolerable discomfort). The maximum total score on the scale was 27, the minimum was 3. The mean
value was 7.97 &+ 9.18 points.

Analysis of gastrointestinal ADRs was carried out for each category of symptoms individually. Stomatitis
was detected in 3 patients (4%). In two manifestations, one patient developed on the fourth to fifth day after
the first methotrexate injection, and in one patient on the third day after the second injection of the drug. The
average duration of symptoms was 10 days. Severity of manifestations according to the CTCAE scale in
all patients was 1 point (mild toxicity, slightly or moderately expressed symptoms not requiring therapeutic
intervention), as stomatitis was manifested by ulcers in the oral cavity and moderate soreness, while the
patient’s eating was not disturbed.

Diarrhea was noted in 17 patients (22.67%). Symptoms appeared, as a rule, a few hours after methotrexate
injection, persisted for 2—3 days, and occurred again at the next injection. The severity of manifestations on

the CTCAE scale in the majority of patients was 1 point, as the times of diarrhea were not more than 4 times
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a day. Three patients had diarrhea up to 6 times a day, and the severity of manifestations on the CTCAE scale
corresponded to 2 points.

Complaints of nausea were presented by 29 patients (38.67%). Symptoms occurred an average of 4.5 hours
after methotrexate injection and lasted an average of about three days (2.96 days), recurring after repeated
injections. Patients rated the severity of nausea in scores using a visual analog scale: The mean score was 6 '**.
The maximum score was 10 and the minimum score was 3. In five patients, nausea disrupted the usual eating
pattern and was therefore rated as 2 on the CTCAE scale. In the other 24 patients, nausea only led to a decrease
in appetite and corresponded to a score of 1. Two patients experienced vomiting while taking methotrexate that
did not require special rehydration therapy (CTCAE score = 1).

Two patients noted the occurrence of heartburn 7-12 hours after methotrexate injection, lasting for 4-6
days. Heartburn manifested as an unpleasant burning or stinging sensation in the chest area.

12 patients (16%) complained of abdominal pain of different nature: tingling, aching, pulling. One patient
experienced pain in the right hypochondrium. They developed within 1-2 days after injection and were short-
lived: the duration of no more than 24 hours. The severity of abdominal pain rated by patients on a visual analog
scale was 1.05 = 1.54 points on average. On the CTCAE scale, the pain was rated as 1 point, as it was moderate.

In addition to the adverse drug reactions described, 33 patients (44%) described other symptoms that were
grouped under the category of dyspepsia. Patients complained of abdominal rumbling, a feeling of air in the abdomen,
belching, which patients described as the release of air out of the stomach through the mouth, and flatulence. Patients
complained of discomfort in the upper abdomen and the stomach area, a feeling of sour or bitter liquid from the
stomach flowing down the throat, and a feeling of unpleasant emptiness in the stomach. Some patients complained
of a reduced, compared to normal, ability to empty the bowels; others complained of alternating liquid and too hard
stools, with liquid stools predominating, and a sudden need to empty the bowels. Dyspeptic symptoms occurred
within the first 24 hours after methotrexate injection and persisted for several days. After subsequent injections,
the symptoms recurred. GSRS assessment of the gastrointestinal tract also revealed the predominance of dyspeptic
syndrome over abdominal pain syndrome, reflux syndrome, and diarrhea syndrome.

The structure and severity of ADRs in the gastrointestinal tract are presented in Table 1.

Table 1. Structure and severity of gastrointestinal toxicity of methotrexate during psoriasis therapy

Adverse drug reactions Number of patients, abs. Method for assessing Degree of severity/

(relative %) severity average score*
Dyspepsia 33 (44%) CTCAE 1-2
CTCAE 1-2
Nausea 29 (38, 67%)
VAS 2.78 +3.55
Vomiting 2 (2,67%) CTCAE 1
Diarrhea 17 (22, 67%) CTCAE 1-2
CTCAE 1
Abdominal pain 12 (16%)
VAS 1.05+1.54
Pain in the right hypochondrium 4(5,33%) CTCAE 1
Stomatitis 3 (4%) CTCAE 1
Heartburn 2 (2,67%) - -
All adverse drug reactions in the gastrointestinal tract 38 (50, 67%) GSRS 7.97+9.18

*The severity was assessed in degrees of severity according to the CTCAE scale. The severity was assessed in points according to the
GSRS and visual analogue scales (VAS).
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3.3. Frequency analysis of allele and genotype distribution at polymorphic marker 3435C>T of
ABCBI gene (rs1045642) in psoriasis patients treated with methotrexate
The distribution of allelic variants of single-nucleotide polymorphism 3435C>T of the ABCBI gene (rs1045642)
and their distribution conformity to the Hardy-Weinberg law in patients with psoriasis treated with methotrexate
were analyzed.
According to the results of ABCBI genotyping by polymorph marker rs1045642 in 75 patients with
psoriasis treated with methotrexate, the following results were obtained (Table 2).
(1) The number of patients who are carriers of the all-allelic variant of the wild-type genotype ABCBI1
r$1045642 (CC genotype) amounted to 14 patients (18.67%);
(2) The number of patients who are heterozygous carriers of the C3435T polymorphism of the ABCBI gene
(CT genotype), amounted to 34 patients (45.33%);
(3) The number of patients who were homozygous carriers of C3435T polymorphism of ABCBI gene (TT
genotype) amounted to 27 patients (36.00%).
The distribution of genotypes followed the Hardy-Weinberg law (Fisher’s exact test y* = 0.32; P = 0.572).

Table 2. The analysis of differences in the incidence of gastrointestinal toxicity of methotrexate in ABCB1
rs1045642 CC, CT, and TT patients

Indicator CC(@0),n=14 CT(1),n=34 TT (2),n =27 Reliability differences (P value)

Adverse drug reactions

in the gastrointestinal tract 2 (14.3%) 18 (52.9%) 18 (66.7%) 0.006
Stomatitis 1(7.1%) 2 (5.9%) 0 (0.0%) 0.407

Diarrhea 1(7.1%) 8 (23.5%) 8(29.6%) 0.261

Nausea 2 (14.3%) 13 (38.2%) 14 (51.9%) 0.064

Vomiting 0 (0.0%) 2 (5.9%) 0 (0.0%) 0.290

Heartburn 0 (0.0%) 0 (0.0%) 2 (7.4%) 0.161
Dyspepsia 1(7.1%) 17 (50.0%) 15 (55.6%) 0.008
Abdominal pain 1 (7.1%) 11 (32.4%) 14 (51.9%) 0.016

Pain in the right hypochondrium 0 (0.0%) 2 (5.9%) 2 (7.4%) 0.595

3.4. Analysis of the possible association between ABCBI rs1045642 polymorphism and the
occurrence of adverse drug reactions in the gastrointestinal tract

Results of the analysis of differences in the incidence of adverse drug reactions in the gastrointestinal tract
between group of patients with genotypes rs1045642 CC, CT, and TT are presented in Table 2.

The comparison between the group of patients with the rs1045642 CC homozygote and the group of
patients with the remaining genotypes is presented in Table 3. To calculate the statistical significance of
the presence of minor allelic variant T rs1045642 with the incidence of ADRs when using methotrexate for
psoriasis treatment, the number of T allele in the patient’s genotype was denoted by 0, 1 or 2, where 0 is the CC
genotype, 1 is the CT genotype, 2 is the TT genotype. The analysis of the frequency of gastrointestinal disorders
revealed significant differences between groups of patients with CC, CT, and TT genotypes rs1045642:
methotrexate toxicity was more frequent in carriers of CT and TT genotypes (P = 0.006).

However, when comparing groups with the CC genotype and other genotypes (CT and TT), the strength
of the association remained unchanged (P = 0.006). The result of binomial regression showed a statistically
significant effect of ABCBI gene rs1045642 polymorphism on the incidence of ADR development in the
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gastrointestinal tract: estimation —2.16, OR = 8.64, 95% CI OR: 1.78-42,01, P = 0.008.

Table 3. The analysis of differences in the incidence of gastrointestinal toxicity of methotrexate in ABCB1
151045642 CC and CT + TT patients

Indicator CC(n=14) CT+TT (n=61) Reliability of differences (P value)
Adverse drug reactions in the gastrointestinal tract 2 (14.3%) 136 (59.0%) 0.006
Stomatitis 1 (7.1%) 2 (3.3%) 0.467
Diarrhea 1 (7.1%) 16 (26.2%) 0.168
CTCAE-1 diarrhea 0 (0.0%) 14 (23.7%) 0.059
Nausea 2 (14.3%) 27 (44.3%) 0.053
Vomiting 0 (0.0%) 2 (3.3%) 1.100
Heartburn 0 (0.0%) 2 (3.3%) 1.100
Dyspepsia 1(7.1%) 32 (52.5%) 0.005
Abdominal pain 1(7.1%) 25 (41.0%) 0.026
Pain in the right hypochondrium 0 (0.0%) 4 (6.6%) 1.000

When analyzing the frequency of occurrence of individual types of ADRs, statistically significant patterns
were also identified. Dyspepsia was characteristic for carriers of genotypes CT and TT (P = 0.008), nausea was
also detected predominantly in carriers of these genotypes (P = 0.05).

However, when comparing patients homozygous for the C allele rs1045642, with others, the relationship
between carriage of CT and TT genotypes and the occurrence of dyspeptic events became more pronounced (P
=0.005), as well as the relationship between carriage of CT and TT genotypes and the occurrence of nausea (P
=0.053).

The result of binomial regression demonstrated the presence of statistically significant influence of ABCBI
gene rs1045642 polymorphism on the frequency of nausea: estimate -1.56, OR =4.76, 95% CI OR: 0.98-23.13,
P =0.05, as well as the development of dyspepsia: estimation -2.66, OR = 14.34, 95% CI OR: 1.76-116.57, P =
0.013.

No significant association was found between groups of patients with different genotypes (P = 0.261).
However, when patients carrying the T allele were combined into the group with the CT and TT genotypes, the
reliability of the differences between the frequency of diarrhea of the 1st degree of severity and carriage of the
T allele was at a probability level of 0.06 (P = 0.059).

Abdominal pain was more frequently reported by carriers of the allele T: CC: 1 (7.1%), CT: 11 (32.4%),
TT: 14 (51.9%), P = 0.016. Combining carriers of the T allele into one group confirmed the established pattern:
CC: 1 (7.1%), CT + TT: 25 (41.0%), P = 0.026. The result of binomial regression construction demonstrated a
statistically significant effect of alleles of rs1045642 polymorphism of ABCBI gene on the occurrence of pain
in the abdomen: estimation —2.2, OR = 9.03, 95% CI OR: 1.109-73.5, P = 0.04.

Analysis of symptoms such as stomatitis, vomiting, heartburn, and right hypochondrium pain also revealed
no statistically significant differences in patients with different genotypes for ABCBI rs1045642 polymorphic

marker.
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4. Discussion

The high efficacy of methotrexate and the possibility of long-term therapy allow methotrexate to be considered
as one of the drugs of choice in the treatment of severe psoriasis. However, the development of adverse drug
reactions significantly reduces patients’ quality of life and adherence to treatment. In this regard, it is relevant to
predict the safety of methotrexate therapy, including the use of pharmacogenetic studies.

Results of the study of the influence of the presence of polymorphisms of the methotrexate transporter
protein gene demonstrate that carriage of the T allele rs1045642 in psoriasis patients on methotrexate therapy is
associated with a higher incidence of adverse drug reactions in the gastrointestinal tract: carriers of the mutant T
allele (genotypes CT and TT) more often reported toxic effects of methotrexate.

A possible explanation for this pattern may be the accumulation of methotrexate in the body due to its
delayed excretion in carriers of the minor T allele ABCBI (rs1045642). Presumably, this is due to the effect
of gene polymorphism on the functioning of the transporter protein encoded by the gene. The ABCBI gene
encodes P-glycoprotein: it is likely that carriers of the minor T allele have reduced activity of this protein,
whose substrate is methotrexate. This can cause methotrexate to be eliminated from the body more slowly. As
a consequence, methotrexate reaches target receptors in greater quantities, its cytotoxic effect is realized, which

manifests itself as an increased risk of adverse reactions.

5. Conclusion

The results of the pharmacogenetic study 3435C>T polymorphism of the ABCBI gene may be taken into
account to improve the safety of therapy for psoriasis patients receiving methotrexate, as carriers of the minor
T allele have an increased risk of adverse drug reactions, possibly related to genetically determined slowing
of methotrexate excretion. The data obtained may form the basis for an algorithm for predicting the safety of
methotrexate therapy in patients with moderate to severe psoriasis. However, further research is needed to
increase the accuracy and reliability of the prediction to evaluate the different manifestations of methotrexate
toxicity and to identify other biomarkers for the safety of methotrexate therapy.
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Abstract: Objective: Recently, topical antifungal agents have become available for the treatment of dermatophytoma.
However, there are few reports of topical onychomycotic agents in combination with debridement of dermatophytoma.
Methods: Twelve patients with dermatophytoma diagnosed and treated between April 2017 and March 2020 at the
Department of Dermatology, Kansai Rosai Hospital were selected, including two patients with lesions on both toe nails and
14 nails. At the initial visit, the affected nail plate was removed and topical treatment was administered. The observation
was terminated when the lesions were completely healed within 1 year. If the patients were not completely healed, the
initial efficacy was determined at the date of the first visit closest to 1 year after the start of treatment. The second efficacy
evaluation was conducted at the last visit or when the concomitant drug was changed.BlResults: Three patients dropped out
of the study before the time of the initial efficacy evaluation. In the second efficacy evaluation, eight nails were completely
healed, one nail was significantly healed, and one nail was effective. Conclusions: Dermatophytoma can be treated with

topical onychomycotic agents in combination with surgical debridement to improve efficacy.

Keywords: Onychomycosis; Dermatophytoma; Nail abrasion; Topical antifungal drugs
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1. Introduction

Dermatophytomas are characterized by the melting of the nail plate and the formation of a cavity in which
keratin, mycelium, and fungi are clustered. Clinically, the lesions are white to yellowish brown, linear or
mottled, including wedge-shaped lesions . The disease is resistant to treatment, with debridement as the basic
treatment. The reason for resistance to treatment is thought to be that the fungus forms cavities that do not allow
sufficient concentrations of drugs to reach the fungus ', that the fungal colonies form biofilms, and that the
spore-forming elements are dormant . Although the treatment of tinea onychomycosis has advanced with the
availability of new antifungal agents, patients may still experience refractory dermatophytoma even with these
drugs. Debridement is recommended as adjunctive therapy for dermatophytoma ™, but there are few studies on

the effectiveness of combined treatment with cutting in multiple cases using topical onychomycosis treatments.
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2. Methods
2.1. Subjects

Twelve patients (8 males, 4 females, mean age 73 years) diagnosed with dermatophytoma who visited the
Department of Dermatology, Kansai Rosai Hospital, between April 2017 and March 2020 underwent cutting
treatment, and a total of 14 nails were cut. The diagnosis was confirmed by cutting the nail surface, observing
the formation of a cavity in the nail surface, and confirming the presence of a fungal colony containing spore-
shaped elements (Figure 1) by direct KOH microscopy of the internal keratinocyte.

sporophytic fungal elements are clumped together

2.2. Usage of onychomycosis treatment

Topical therapy:
(1) 10% efinaconazole topical nail solution once a day
(2) 5% luliconazole topical nail solution once a day

2.3. Cutting of the affected nail bed

At the initial visit, the affected nail plate was removed as much as possible using a grinder (Urawa Industries
G3, b-2, b-3), and the lesion was opened. Cutting was also performed during the course of the treatment when it
was considered necessary.

Clinical efficacy was determined by taking photographs at the time of examination and quantifying the
entire nail surface area and the area of the opacity using ImageJ, and using the following efficacy criteria.

2.4. Clinical efficacy criteria

(1) Ineffective: Change in the area ratio of the nail plate (opacity area of the nail plate/area of the nail plate)
decreased or increased by less than 30%.

(2) Effective: Decrease of more than 30% and less than 60% in the area ratio of nail plate opacity.

(3) Markedly effective: Change in the area ratio of nail plate opacity is greater than 60% and less than 60%
opacity disappearance.

(4) Healed: The nail plate opacity area disappeared and no fungal elements were observed by direct
microscopic examination.

The efficacy was evaluated on the date of the visit closest to 1 year after the start of treatment and on the
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date of the last visit or change of concomitant medication. If the patient was cured, the duration of the cure was
also noted.

3. Results

Three patients dropped out of the study before the time of the initial efficacy evaluation. Among the ten nails,
seven were completely healed and three were inoperable at the time of the initial efficacy evaluation. The
results of concomitant drug treatment showed that efinaconazole cured five nails, luliconazole cured two nails
and failed to cure three nails, and the second efficacy evaluation showed that eight nails were completely cured,
one nail was markedly effective, and one nail was effective (Table 1 and Figure 2). Photographs of representative
cases are shown in Figure 3.

Table 1. All target nail progress

Evaluation of the initial

No. Age and sex Claw Cultivation result Antifungal clinical efficacy (period) Progress (period)

1 77 years old male Leftbigtoe  T. interdigitale EFCZ Healed (11 months)

2 70 years old male  Left big toe T. interdigitale EFCZ Healed (5 months)

3 52 years old female* Left big toe T. interdigitale EFCZ Hospital Vlfllncs)n(iﬁs)ontlnued ©

4 52 years old female* ngtl(l)teblg T. interdigitale EFCZ Hospital v1:1t§n(ﬁls:)0ntmued ©

5 71 years old female ng’tl(l)teblg Negative EFCZ Healed (11 months)

6 76 years old male Rl‘%l(l)teblg Unassessed EFCZ Healed (5 months)

. . 0 . . ..
7 72 years old female Right big Contamination EFCZ >3 A] dec.rease. in hospital visit
toe discontinuation (3 months)
8 70 years old female R1g§(1)2b1g Negative EFCZ Healed (8 months)
9 89 years old male Leftbigtoe  T.interdigitale LLCZ Hospital v1§nr[sn(1if;ontlnued ©
Right big .

10 71 years old male toe Unassessed LLCZ Ineftective (13 months) Healed (22 months)
11 72 years old male** Left big toe Unassessed LLCZ Healed (6 months)

12 72 years old male** Rl%}:;blg Unassessed LLCZ Ineffective (13 months) Ma?;eldgoif;i;fsc)tlve
13 8lyears old male ng,[lézblg Unassessed LLCZ Healed (10 months)

Effective (32
14 70 years old male R1gt1(1)t6b1g Unassessed LLCZ Ineffective (13 months) mo\;}lﬁl}f )Etlilgnzh(zegled
months)

Abbreviation: EFCZ, efinaconazole; LLCZ, luliconazole; *,**same patient
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Figure 2. Target nail evaluation of first (approximately 1 year) and second efficacy evaluation (n = 10)

After cutting

Completely healed after 11 months

Target nail No.1: Initial diagnosis

Target nail No.11: Initial diagnosis After cutting Completeiy healed after 6 months
Figure 3. The clinical course of typical cases
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4. Discussion

In 1998, Roberts and Evans first described dermatophytoma as a keratinous aggregate with thick walls and abnormal-
looking mycelium and sporophytic elements forming clumps ", Clinically, it is an area of mottled or linear opacity
that is clearly demarcated from the surrounding area. We consider that debridement may be necessary for antifungal
drugs to be effective because they do not penetrate in sufficient concentrations. Dermatophytoma is a fungal mass
that is less in contact with the nail bed than distal marginal subungual onychomycosis, and therefore, the drug does
not reach the nail bed sufficiently P, It is also speculated that the clumps form biofilms and the spore-forming fungal
elements are dormant, making them resistant to treatment . A study of 199 patients treated with oral terbinafine ¥
showed that dermatophytoma had a high odds ratio of not being cured (OR 3.453; 95% CI: 1.170-10.197). Thus,
dermatophytoma is generally recognized as being difficult to cure, and debridement is recommended prior to
treatment °. The purpose of debridement is to eliminate the causes of dermatophytoma refractoriness. There are
few reports on whether the treatment of dermatophytoma is more effective when combined with debridement.
In Japan, Ninomiya reported that nine patients with wedge-shaped dermatophytoma were completely cured by
the combined use of itraconazole pulse therapy and surgical removal, with the exception of three patients who
dropped out of the study . In our study, all dermatophytoma lesions had disappeared by the 16th month except
for the cases that had dropped out (Figure 4). However, there were cases in which other areas remained cloudy
or worsened even after the dermatophytoma lesions disappeared, resulting in a low rate of complete healing and

a time lag between the disappearance of dermatophytoma lesions and complete healing.

100
90
80
70
60
50
40
30
20
10

0

Rate of depuatopbytoma, lesion disappearance (%a)

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Month
Figure 4. Change over time in the rate of dermatophytoma lesion disappearance (number of nails with dermatophytoma
disappearance/total number of nails covered), n = 14

In recent years, new antifungal drugs have been launched one after another to treat onychomycosis. For
example, 10% efinaconazole nail liquid for topical use in 2014, 5% luliconazole nail liquid for topical use in
2015, and oral fosravuconazole capsules in 2018 became available in Japan. Casey et al. reported the results
of patients who used 10% efinaconazole topical solution for onychomycosis, excluding two dropout cases. It
was reported that 13 of 19 patients with dermatophytoma (including one patient with two affected nails) were
healed at 58 weeks (< 10% nail plate opacity and negative direct microscopy) and all dermatophytoma lesions
had resolved ”. Shimoyama et al. conducted a single-center, retrospective study of 109 patients with tinea

onychomycosis treated with foslavuconazole. 12 of 21 patients with dermatophytoma were completely healed at
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the last visit without special treatment (mean duration 34.3 + 11.1 weeks). This is contrary to the conventional
view that medical therapy without treatment for dermatophytoma is ineffective. Fosravuconazole may be
effective against dermatophytosis without additional treatment.

The availability of highly effective tinea onychomycosis drugs has reduced the need for therapeutic
innovations, but there is still room for innovations in the treatment of difficult-to-treat forms. The present study
is a retrospective review of actual treatment and clinical practice in our department. The results showed that
50% (7/14) of the patients were completely cured in about 1 year, and 57.1% (8/14) were completely cured at
the second evaluation. This indicates that the combination of cutting and topical onychomycosis treatment for
dermatophytoma is as effective as oral fosravuconazole treatment without any special treatment. The efficacy of
topical 10% efinaconazole solution without special treatment for longitudinal spikes, which are not completely
identical to dermatophytoma but seem to overlap with the linear form of dermatophytoma for the most part, has
also been reported . 82 cases were studied and the spike lesions disappeared in about 80% of the patients at
72 weeks. The complete healing rate ranged from 3—40% at 48 weeks. Although not directly comparable, the
complete healing rate was high in the autologous cases at the same time period, and the addition of cutting may
increase the efficacy of the procedure.

BThere were many cases of treatment discontinuation, and one patient with two lesions did not come to
the hospital after the initial treatment. We felt that adherence to treatment of tinea onychomycosis is a serious
problem. In this study, we showed that the combination of cutting and topical onychomycosis treatment for
dermatophytoma was effective in eradicating the lesions and was as effective as oral fosravuconazole therapy.
With the availability of new antifungal agents, the effectiveness of adjuvant therapy should be reaffirmed,
although the use of such therapy has become less common.
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Abstract: Lichen planus is a chronic inflammatory skin disease. Due to its unclear etiology, the treatment is slow and
complicated. Rubia cordifolia is a drug with a long history, with the effects of cooling blood and removing blood stasis,
promoting blood circulation, and dredging meridians. Modern research suggests that the components of Rubia cordifolia
have the effects of immune regulation, anti-inflammation, liver protection, and antioxidation. It may be a potential drug for
the treatment of lichen planus. However, the specific mechanism of Rubia cordifolia in the treatment of this disease is still
under study. This article reviews the mechanism of Rubia cordifolia in the treatment of lichen planus, in order to provide

references for the clinical application of the drug.
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1. Introduction

Lichen planus (LP) is a chronic inflammatory skin disease of unknown cause, clinically manifested as small,
discrete, irregularly shaped, flat-topped purplish-red papules, which may coalesce to form rough, scaly plaques,
and are often accompanied by lesions of the oral cavity, fingernails/toenails, and genitalia. The etiology of
the disease has not been clarified by modern medicine, but most scholars believe that LP is mainly a T-cell-
mediated autoimmune reaction, in addition, there are other theories, such as liver function impairment and
carcinoma, etc. LP has a global incidence, accounting for about 0.5-1.2% of new dermatologic cases, affecting
more females than males, and is rare in children "). Currently, there is still no specific treatment for LP, the first
choice for clinical treatment is topical corticosteroid drugs such as clobetasol and dieldrin, while oral drugs
are mainly corticosteroids and retinoids. Therefore, clinical treatment of LP is characterized by long treatment,
large differences in prognosis, and many adverse reactions, which bring great physical and mental harm and
economic burden to patients and families. In the face of the difficulty in identifying the cause of the disease and
the lack of effective treatments, TCM (traditional Chinese medicine) can recognize the pathogenesis of LP from

another perspective and propose effective treatments. Chinese medicine believes that LP is mostly caused by
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exogenous wind-dampness-heat-pathogen, liver and qi stagnation, and blood stasis. It is treated by the method
of drying dampness and regulating qi, activating and cooling the blood, and Rubia cordifolia may be a potential
therapeutic drug in the treatment of LP blood heat and blood stasis syndrome.

Rubia cordifolia, also known as Indian madder or blood-activating grass, is mainly produced in Anhui,
Shandong, and other places; Shennong Bencaojing recorded “bitter flavor, cold; mainly used for treating wind-
cold and dampness paralysis, jaundice, and tonifying the middle”; in Chinese Materia Medica, Rubia cordifolia
can cool the blood, stop bleeding, activate blood circulation, and remove blood stasis, and it is suitable for
treating vomiting and epistaxis, menstrual leakage and occlusion, bruises, rheumatism, paralysis, and pain.
Modern research has concluded that Rubia cordifolia has immunosuppressive, leukocyte-boosting, anti-
inflammatory, hepatoprotective, and antioxidant effects. In this paper, we reviewed the mechanism of Rubia
cordifolia in the treatment of LP, with a view to providing references for the further clinical application of
Rubia cordifolia.

2. Traditional Chinese medicine

Although there is no clear record of LP in Chinese medicine, according to clinical observation, the skin
manifestation of LP is similar to the “purpura” described by Chinese medicine; and Chinese medicine believes
that this kind of disease is mostly caused by exogenous wind-dampness-heat-pathogen, liver and qi stagnation,
and blood stasis. Therefore, the treatment of this disease is mostly based on the drying of dampness, activating
blood circulation, eliminating blood stasis, and dredging up the liver. In the Yilin Gaicuo, “purpura, blood stasis
in the skin, treatment according to the vitiligo, the effect can be applied by hand,” it can be seen that blood
stasis is Qingren Wang’s main understanding of the disease and thus put forward blood stasis as the treatment
method. With continuous medical advancement, the knowledge and treatment of LP in Chinese medicine
have also gradually improved. Xia and Wu ) summarized the idea of treatment from the liver through clinical
experience; Zhu et al. *' put forward the treatment direction of “the disease is located in the liver, and its
pathogen is dampness” according to the clinical observation of the onset site of LP, the color of the lesions, and
analysis of the medication used. In addition, other scholars in China have also carried out detailed dialectical
typing of LP, such as spleen and stomach heat type, liver stagnation and fire type, and blood stasis type, etc. **,
and these researches have far-reaching significance for the treatment of LP.

Rubia cordifolia is bitter and cold in nature, it can cool the blood and it has a more reliable potential
therapeutic effect for LP with blood heat; Rubia cordifolia expels blood stasis, dredges channels, activates blood
circulation, and removes blood stasis, it can be used to treat LP with blood stasis; Rubia cordifolia enters into
the liver meridian, it can be used to carry out further clinical therapeutic research based on the idea of “treating

from the liver.”

3. Modern medicine

Although the etiology of LP has not been clarified by modern medicine, most scholars believe that the disease is
caused by abnormal immune function and is accompanied by chronic inflammatory reactions. In addition, some
scholars have found that lichen planus is related to liver function damage and cancer. In the following, we will
discuss the four aspects of immune regulation, anti-inflammation, liver function regulation, and antioxidation in

conjunction with the active ingredients of Rubia cordifolia and their effects (Table 1).
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Table 1. Summary of active ingredients and therapeutic effects of Rubia cordifolia

Active ingredients Therapeutic effects

Alizarin I
Alizarin I1
Immune regulation Rubia diester
Arborane triterpenes
Rubia cordifolia-containing serum

Regulation of immune function and increasing
white blood cell levels

Rubiacin

Rubia total anthraquinone Inhibition of some IL and TNF

Anti-inflammation

Rubia aqueous-methanol extract
Regulation of liver function Rubia cordifolia essential oil Liver protection
Methylisorubicin

Rubia cordifolia polysaccharide QC

Antioxidation Rubia cordifolia polysaccharide QA2

Free radical scavenging, antioxidant

3.1. Immune regulation

LP is often accompanied by a T-cell-mediated process at the onset of the disease, with a large number of T cells
infiltrating the locally diseased tissues. As the disease progresses, there is an autoimmune response with an
increased number of T cells and a lowered level of B cells, which is accompanied by a decrease in the natural
growth rate of the peripheral blood lymphocytes .

In response to this autoimmune response, Rubia diester, arborane triterpenes, and Rubia cordifolia-
containing serum can effectively inhibit T cell proliferation. Yang and Liu ") demonstrated that Rubia
diester could reduce delayed hypersensitivity reaction and T cell proliferation by inhibiting phagocytosis
of macrophages and neutrophils; He e al. * found that arborane triterpenoids could effectively inhibit the
proliferation of T cells but had no effect on the proliferation of B cells when its concentration ranged from 30 to
100 pg/ml; Liu e al. ¥ found that Rubia cordifolia-containing serum could significantly inhibit the expression
of cell surface activation molecule CD69 and effectively downregulate the secretion of IFN-y, IL-2, and TNF-a,
and inhibit the proliferation of T cells. The immune regulation effect of Rubia cordifolia is also manifested in
the elevation of leukocytes, alizarin I, II, and Rubia diester have a good effect on increasing the peripheral blood
leukocyte level, as evidenced by Ma et al. "', Rubia diester also has an obvious effect of elevating leukocytes

[12]

. Song and Ding ""* gave oral administration of 2.5 mg of Rubia diester to each mouse, drew blood from the
tail vein after drug administration to measure the leukocyte level, which was obviously elevated after 8 hours,
reaching 151.9% of the control group, and then recovered to normal; when each dog was orally administered
with 200 mg of Rubia diester, the peak was reached 18—24 hours after the drug administration, which was
196-209% of the pre-drug level. It indicates that Rubia diester can promote the proliferation and differentiation

5] obtained the water-

of hematopoietic stem cells and increase the peripheral blood leukocytes. Su and Zhou
extracted and alcohol-precipitated dry paste of Rubia cordifolia by extracting its active ingredients and found
that the substance also had a high leukocyte-boosting effect. Therefore, Rubia cordifolia plays a therapeutic role

in LP by regulating the immune system.

3.2. Anti-inflammation

As a chronic inflammatory skin disease, the pathogenesis of LP is characterized by the production of local
cytokines that play an important role in the progression of the disease. Studies have shown that the development
of LP is accompanied by elevated levels of IL-6 and granulocyte-macrophage colony-stimulating factor, and

further studies have demonstrated that keratinocytes in oral LP tissues are capable of producing [FN-a, IL-6,
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and TNF-a, and are positively correlated with the condition of skin lesions "*. In recent years, it has also been
found that the occurrence of LP may be related to IL-17 and IL-23 "%,

For the abnormal elevation of inflammatory mediators, Rubia total anthraquinone and rubiacin
can effectively inhibit the release of inflammatory mediators, especially IL and TNF. Xu ez al. """ found
experimentally that Rubia total anthraquinone could significantly reduce the levels of IL-1, IL-2, IL-6, and
TNF in the serum of rats; Zhu and Jin "'

found that rubiacin could significantly inhibit the release of IL-1B and IL-6. The Rubia cordifolia-containing

utilized rubiacin to interfere with lipopolysaccharide-treated mice and

serum involved above can also effectively downregulate the secretion of relevant inflammatory mediators. It
is thus clear that Rubia cordifolia can play a therapeutic role in LP by inhibiting the release of inflammatory
mediators and reducing the inflammatory response.

3.3. Regulation of liver function

In recent years, some scholars have found a link between LP and liver disease, but the pathological mechanism
has not yet been proven. Monk "' suggested in 1985 that patients with LP had liver dysfunction along with the
onset of the disease. In 1991, the occurrence of oral LP was first reported to be associated with HCV (hepatitis
C virus) ", Another study showed that the risk of LP in patients with hepatitis B is twice as high compared to
normal subjects %

It was found that Rubia aqueous-methanol extract, Rubia cordifolia essential oil, and methylisorubicin had
good alleviating and therapeutic effects on liver injury. Experiments proved that oral administration of Rubia
aqueous-methanol extract to mice had a significant alleviating effect on liver injury mediated by acetaminophen
and CCl, *; Quan and Tian ** also experimentally found that Rubia cordifolia essential oil significantly
reduced hepatotoxicity induced by CCl,; and Rao et al. **' found that methylisorubicin had a strong therapeutic
effect on liver injury induced by CCl, in mice. It can be seen that Rubia cordifolia may have a potential
therapeutic role in the treatment of LP through the protection and regulation of liver function.

3.4. Antioxidation

Experiments have shown that Rubia cordifolia polysaccharides have significant antioxidant and free radical
scavenging effects. Wang et al. extracted QA2 and QC from Rubia cordifolia and found that QA2 had a strong
free radical scavenging effect with a scavenging rate of 94.59%, and the scavenging rate of QC was 93.24% ***.
Therefore, Rubia cordifolia can repair and regenerate skin and mucous membranes by scavenging free radicals

and reducing oxidative damage. This effect can be applied during the recovery period of LP.

4. Conclusion

LP is a T-cell-mediated chronic inflammatory skin disease of unknown cause, which may be associated with
liver function impairment, and most TCM diagnosis is based on the treatment from the liver. Rubia cordifolia,
which enters the liver meridian, can cool the blood, dispel blood stasis, activate blood circulation, and dredge
channels, and has great potential for the treatment of LP with blood heat and blood stasis. Modern medicine
has proved that Rubia cordifolia can regulate immune function, inhibit inflammatory response, improve liver
function, and reduce oxidative damage. However, the specific mechanism of action of Rubia cordifolia in the

treatment of LP, especially from the perspective of modern medicine, is still being explored and developed.
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Abstract: Objective: To investigate the therapeutic effect of aminolevulinic acid photodynamic two-step irradiation on
pain in patients with intraluminal condyloma acuminatum. Methods: 60 patients with intraluminal condyloma acuminatum
treated with aminolevulinic acid photodynamic therapy (ALA-PDT) in the dermatology department of Xi’an Third
Hospital from May 2019 to September 2021 were selected and randomly divided into the experimental group and the
control group. The experimental group received aminolevulinic acid photodynamic two-step irradiation treatment while
the control group was treated with conventional photodynamic irradiation. The experimental group and the control group
were treated once every 7—10 days for four consecutive times. The treatment effect and pain score were recorded. Results:
The efficacy of aminolevulinic acid photodynamic therapy was observed two weeks after the end of the treatment. The
complete response rate of the experimental group was 66.7% (20/30), the partial response rate was 33.3% (10/30), and
the ineffective rate was 0. In the control group, the complete response rate was 70% (21/30), the partial response rate was
30% (9/30), and the ineffective rate was 0. There was no significant difference in the complete response rate between the
experimental group and the control group (y° = 0.527, P = 0.706). Pain scores were evaluated at 5 minutes and 20 minutes
during photodynamic therapy, and 30 minutes after photodynamic therapy. The pain scores of patients in the experimental
group were lower than those in the control group at 5 minutes, 20 minutes, and 30 minutes after treatment. There was
no significant difference in adverse reactions between the experimental group and the control group. Conclusion:
Aminolevulinic acid photodynamic two-step irradiation can effectively ensure the therapeutic effect of patients with

intraluminal condyloma acuminatum, and can significantly reduce patients’ pain during and after treatment.
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1. Introduction

At present, aminolevulinic acid photodynamic therapy for the treatment of condyloma acuminatum has been
a preferred treatment option with evidence-based medical evidence ", especially for intraluminal (vaginal,
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cervical, anal canal, urethral) infections of condyloma acuminatum, which not only reduces the local tissue
damage but also effectively lowers the recurrence. However, conventional aminolevulinic acid photodynamic
treatment may cause patients to suffer significant pain, or even be unable to tolerate the pain and fail to
complete the treatment course, which seriously affects the application of photodynamic therapy in the treatment
of condyloma acuminatum. Currently, some studies have found that the two-step method of aminolevulinic
acid photodynamic therapy can effectively relieve patients’ pain while guaranteeing therapeutic efficacy
! In this study, the aminolevulinic acid photodynamic two-step irradiation method is used to treat patients
with intraluminal condyloma acuminatum, in order to clarify the relationship between the specific treatment
parameters of the aminolevulinic acid photodynamic two-step irradiation method for intraluminal condyloma

acuminatum and the clinical effect and pain.

2. Subjects and methods
2.1. Subjects

60 patients with intraluminal condyloma acuminatum treated in the Department of Dermatology of the Third
Hospital of Xi’an City between May 2019 and September 2021 were selected. Inclusion criteria: cases of
genital (urethra, cervix, vagina) and intraluminal condyloma acuminatum diagnosed by two dermatologists,
and the diagnosis was confirmed by colposcopy, anoscopy, and acetic acid test; detailed records of disease
duration, size, number, and distribution of lesions; inability or unwillingness to continue surgical, cryotherapy,
laser, and other treatments. Exclusion criteria: patients with severe heart disease, liver disease, kidney disease,
and other serious chronic diseases who cannot tolerate treatment; pregnant or breastfeeding women; patients
with contraindications to the test drug or drug allergies; patients who have participated in other clinical trials in
the last three months; patients who do not have the legal capacity or whose legal capacity is restricted; and any
other conditions that are considered by the investigator to be unsuitable for participation in this trial. Patients
who participated in this research trial had the right to be informed and were enrolled only after signing a
protocol.

The patients were randomly and equally divided into the experimental group and the control group. The
experimental group was treated with the aminolevulinic acid photodynamic two-step irradiation method while
the control group was treated with the conventional photodynamic injection method. In the experimental group,
there were five male patients (3 cases of urethral condyloma acuminatum, 2 cases of condyloma acuminatum
in the anal canal) and 25 female patients (8 cases of cervical condyloma acuminatum, 10 cases of vaginal
condyloma acuminatum, 4 cases of cervical and vaginal condyloma acuminatum, 2 cases of urethral condyloma
acuminatum, and 1 case of condyloma acuminatum in the anal canal), with the age of 19-46 (32.45 + 4.15)
years old. In the control group, there were six male patients (4 cases of urethral condyloma acuminatum, 2 cases
of condyloma acuminatum in anal canal) and 24 female patients (6 cases of cervical condyloma acuminatum,
13 cases of vaginal condyloma acuminatum, 3 cases of cervical and vaginal condyloma acuminatum, 2 cases
of urethral condyloma acuminatum), with the age of 2045 (31.65 + 4.68) years old. There was no statistically
significant difference in gender and age between the two groups of patients.

2.2. Methods

The vaginal and anal secretions were cleaned, the wart site and the number of warts were accurately determined
through colposcopy and anoscopy, and image acquisition of the lesion site and calculation of the area of warts
were performed (1 drug for every 3cm” lesion range). The topical aminolevulinic acid hydrochloride reagent

(Fudan Zhangjiang) was configured into a 20% aminolevulinic acid hydrochloride solution, which was applied
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to the warts locally with cotton wool and dressed and fixed. It was left for 3 hours to allow absorption, and the
patient was asked to reduce his activity. Subsequently, the treatment site was identified again, the photodynamic
therapy instrument fiber optic was used in the irradiation of the warts. The experimental group received
aminolevulinic acid photodynamic two-step irradiation treatment: (1) the initial treatment power density was
50 mW/cm’, irradiation time was 8 minutes, and the therapeutic energy reached 24 J/cm’; (2) after the power
density was adjusted to 80-100 mW/cm’, irradiation was done for 15 minutes, and the total therapeutic energy
reached 100 J/cm’. The control group was treated with the conventional photodynamic irradiation treatment:
power density 80—100 mW/cm’, irradiation for 20 minutes, and total therapeutic energy 100 J/cm’. Both the
experimental group and the control group were treated once at an interval of 7-10 days, and continuously
treated four times.

2.3. Observation indexes

(1) Efficacy indicators: Complete response (CR) is the complete disappearance of skin lesions and negative
acetic acid test; partial response (PR) is the disappearance of more than 50% of warts (number or area);
null response (NR) is the failure of treatment. Efficacy determination was performed and recorded by a
dermatologist who was not involved in the clinical treatment. Patients were rechecked 2 weeks after the
four photodynamic treatments for wart resolution.

(2) Pain score: The numeric rating scale (NRS) pain score was adopted. The specific method is as follows.
A straight line was divided into 10 equal parts, each point was labeled with the number 0—10 points to
indicate the degree of pain in order to assess the pain; 0 points for no pain, 10 points for severe pain;
the patient was instructed to mark the number that best represents the degree of treatment pain. O:
no pain; 1-3: mild pain; 4-6 moderate pain; 7-10 severe pain. The pain scores of the two groups of
patients were evaluated during photodynamic therapy for 5 minutes and 20 minutes, and 30 minutes
after the end of photodynamic therapy, respectively.

(3) Observation of adverse reactions at the treatment site: Patients were observed for the presence of
blisters, vesicles, exudation, and other adverse reactions at the photodynamic therapy site three days
after the end of treatment.

2.4. Statistical methods

SPSS20.0 statistical software was applied to analyze the data, ” test was used to compare the experimental
group and the control group; the measurement data conforming to the normal distribution was expressed as
mean + standard deviation (SD), and the independent sample #-test was used to compare between the groups,
and the difference of P < 0.05 was considered to be statistically significant.

3. Results
3.1. Comparison of the therapeutic efficacy between the two groups

The therapeutic efficacy was observed 2 weeks after the end of photodynamic therapy with aminolevulinic
acid. As shown in Table 1, the complete response rate of the experimental group was 66.7% (20/30), the partial
response rate was 33.3% (10/30), and the null response rate was 0. In the control group, the complete response
rate was 70% (21/30), the partial response rate was 30% (9/30), and the null response rate was 0. There was no
significant difference in the complete response rate of the experimental group compared with that of the control
group (" = 0.527, P = 0.706).
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Table 1. Comparison of the therapeutic efficacy of aminolevulinic acid photodynamic therapy (cases)

Group Cases Complete response (CR) Partial response (PR) Null response (NR)
Experimental group 30 20 10 0
Control group 30 21 9 0
x - 0.527 - -
P - 0.706 - -

3.2. Comparison of pain scores between the two groups

Pain scores were assessed during treatment at 5 minutes and 20 minutes, and 30 minutes after the end of
photodynamic therapy, respectively. The pain scores of patients in the experimental group at 5 minutes and 20

minutes, and 30 minutes after the end of treatment were lower than those of patients in the control group (Table 2).

Table 2. Comparison of pain scores in aminolevulinic acid photodynamic therapy

Group Cases 5 minutes 20 minutes 30 minutes after treatment
Experimental group 30 5.23+£0.62 4.03+0.25 1.13£0.16
Control group 30 7.67+2.15 4.53+0.38 2.67+0.19
t - 6.423 6.135 53.308
P - <0.001 <0.01 <0.001

3.3. Comparison of adverse reactions between the two groups

The adverse reactions of patients’ treatment sites were observed three days after the end of treatment. There was
one case of localized erosion (male urethra) in the experimental group and one case of localized erosion and
exudation (male urethra) in the control group. There was no significant difference in adverse reactions between

the experimental group and the control group.

4. Discussion

Condyloma acuminatum has a high incidence rate among clinical sexually transmitted diseases, and the
traditional methods of laser, freezing, surgery, and topical medication have a relatively long treatment cycle

and a high recurrence rate, which puts great pressure on patients’ lives. At present, aminolevulinic acid
(1

b

photodynamic therapy for condyloma acuminatum has become the first-line clinical treatment program
offering many advantages for the treatment of condyloma acuminatum in the cavity (vagina, urethra, cervical
orifice, and in the anal canal). Photodynamic therapy can not only remove warts with little damage to local
tissues, but also has a good therapeutic effect on latent human papillomavirus infections and subclinical
infections, and significantly reduces the recurrence rate compared with other treatments . However, the
conventional photodynamic treatment method causes pain in the local skin and mucous membrane during the
treatment and even leads to discontinuation of the photodynamic therapy program for some patients, seriously
affecting the therapeutic effect in the patients and limiting the application of aminolevulinic acid photodynamic
therapy in the treatment of condyloma acuminatum.

The photodynamic effect is a photochemical reaction that includes photosensitive molecules, light sources
with photosensitized wavelengths, and tissue oxygen *!. Tissue hypoxia and singlet oxygen generation are the
causes of oxidative damage and cell death due to the photodynamic effect, while its singlet oxygen downstream
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products can attack the photosensitizer to make it ineffective (i.e. photobleaching effect). Foreign studies
have found that the therapeutic efficacy of aminolevulinic acid photodynamic therapy is mainly related to
the total energy of phototherapy ' and not directly related to the intensity of light ', and photodynamic
such as controlling the total energy of light to reach a certain total amount of treatment can guarantee the
therapeutic effect. Some other studies have shown that the pain caused by photodynamic therapy is related to
light intensity, and reducing the intensity of phototherapy can significantly reduce the degree of pain in the
patients receiving photodynamic therapy . Through this finding, domestic and foreign researchers found
that the aminolevulinic acid photodynamic two-step irradiation method can effectively relieve patients’ pain
in photodynamic therapy . In this study, on the basis of the theory of the two-step photodynamic method of
aminolevulinic acid, it was found that the complete response rate of the experimental group was 66.7% (20/30),
the partial response rate was 33.3% (10/30), and the null response rate was 0. The complete response rate of
the control group was 70% (21/30), the partial response rate was 30% (9/30), and the null response rate was
0. The difference in complete response rate between the experimental and control groups was not statistically
significant (x° = 0.527, P = 0.706). This suggests that there is no significant difference in the efficacy of the
aminolevulinic acid photodynamic two-step irradiation method compared to conventional photodynamic
therapy. We maintained the total phototherapy energy at 100 J/cm® and reduced the initial phototherapy
intensity to 50 mW/cm’, which not only effectively relieved patients’ pain during treatment at the initial stage
of photodynamic therapy, but also significantly relieved pain after increasing the phototherapy intensity in the
latter course of treatment and 30 minutes after the end of treatment. It is believed that the slow photobleaching
effect of the photosensitizer can reduce the production of singlet oxygen in the tissues and the oxidative
damage, thus alleviating the local pain, without significantly aggravating the pain after increasing the intensity
of phototherapy in the latter course of the treatment. The specific mechanism of this phenomenon is still to be
further investigated.

5. Conclusion

In summary, compared with conventional photodynamic therapy, the aminolevulinic acid photodynamic two-
step irradiation method can significantly alleviate the patient’s pain during and after treatment, and did not have
a negative impact on the effect of photodynamic therapy. In the post-treatment observation, it was found that the
photodynamic two-step irradiation treatment did not increase the risk of producing erosion, exudation, blisters,
and other adverse reactions. Therefore, the aminolevulinic acid photodynamic two-step irradiation method can

improve patient compliance and reduce patient pain, which is worth promoting in clinical treatment.
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Abstract: Objective: To investigate the clinical efficacy of intense pulsed light combined with doxycycline in the
treatment of rosacea. Methods: A sample of 60 patients with rosacea admitted to our hospital from January 2021 to
December 2023 were selected and grouped into the observation group (n = 30) and the control group (n = 30) by using the
randomized numerical table sampling method. The patients in the control group were treated with doxycycline, and the
patients in the observation group were treated with intense pulsed light combined with doxycycline. The clinical effective
rate and recurrence rate, clinical symptom score, skin barrier function indexes, and the incidence of adverse reactions in
the two groups were compared. Results: The clinical effective rate of the observation group was higher than that of the
control group, and the recurrence rate was lower than that of the control group (P < 0.05); the clinical symptom score
of the observation group was lower than that of the control group after treatment (P < 0.05); the water content of the
stratum corneum of the observation group was higher than that of the control group after treatment, and the amount of
transepidermal water loss was lower than that of the control group (P < 0.05); the incidence of adverse reactions of the
two groups did not have any significant difference in comparison (P > 0.05). Conclusion: The treatment effect of intense
pulsed light combined with doxycycline in rosacea patients is remarkable. It can alleviate clinical symptoms and improve
the skin barrier function, with a lower recurrence rate after treatment and higher therapeutic safety, which is suitable for

popularization and use in healthcare institutions.
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1. Introduction

Rosacea is a common chronic inflammatory skin disease, the causes of which include damage to the skin
barrier function, inflammatory response, genetics, etc. The lesions can affect the facial blood vessels,
follicles, and sebaceous glands around the unit, and the affected site is mainly in the middle of the face, and
it mainly manifests as skin erythema, papules, pustules, capillary dilatation, etc. The lesions worsen with the
prolongation of the disease, which can seriously affect the aesthetic of the facial area "*. Clinical treatment
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of rosacea includes drug therapy, physical therapy, etc. Doxycycline is a tetracycline antibacterial drug, which
can kill follicular helminth mites and other pathogenic bacteria, thereby alleviating inflammatory reactions
and infections, and reducing local symptoms "', Intense pulsed light is a physical therapy that can damage
dilated capillaries and repair the damaged skin barrier “!. In this study, a sample of 60 patients with rosacea was
selected to investigate the clinical efficacy of intense pulsed light combined with doxycycline treatment.

2. General information and methods
2.1. General information

A sample of 60 patients with rosacea admitted to our hospital from January 2021 to December 2023 were
selected and grouped into the observation group (n = 30) and the control group (n = 30) by using the
randomized numerical table sampling method. There were 9 males and 21 females in the observation group,
with an age range of 2544 (34.58 + 3.59) years and a disease duration of 5-16 (10.48 £ 2.06) months. In the
control group, there were 10 males and 20 females, the age range was 2741 (34.65 + 3.52) years old and
the disease duration was 3—17 (10.52 + 2.09) months. The difference in the results of comparing the general
information of patients in the two groups was not statistically significant (P > 0.05).

Inclusion criteria: (1) Meet the diagnostic criteria of papulopustular rosacea in the “Chinese Rosacea
Diagnosis and Treatment Expert Consensus™; (2) No other skin diseases; (3) Sign the informed consent form.
Exclusion criteria: (1) Keloid; (2) Recently received rosacea therapeutic intervention; (3) Combined with skin

breakdown or facial infectious skin diseases.

2.2. Methods

Patients in the control group were treated with oral doxycycline, which was taken orally twice a day, with a
single dose of 100 mg, for a total duration of 8 weeks.

Based on the control group’s treatment program, patients in the observation group also received intense
pulsed light (IPL) therapy, selecting patients to complete one treatment at the end of the 2nd week of oral
doxycycline, at the end of the 5th week, and at the end of the 8th week. The treatment was completed using our
IPL therapy device, selecting the acne treatment mode, choosing an energy range of 12—18 J, and performing
a spot test before the first treatment to select the appropriate energy parameters. Before treatment, the patient’s
face was cleaned, no anesthesia was required, and both the physician and the patient wore goggles. An
appropriate amount of gel was evenly applied to the treatment area, and the treatment was completed according
to the site of the rosacea. If the treatment area produced light to medium red spots, it was considered to be
the endpoint of the treatment, and if the patient did not reach the endpoint of the treatment, then the treatment
was repeated. After the completion of the treatment, the patient’s face was cleaned in a timely manner, and a
collagen mask was applied coldly for 30 minutes. The physician informed the patient that the face could not
be washed until 24 hours after the treatment and that cosmetics were prohibited for 48 hours. The patient was
advised to pay attention to sunscreen in his daily life and avoid using skin-care products containing allergenic
antiseptics, fragrances, and alcohols, as well as cleansing devices, and exfoliating scrubs. A too-hot diet was
also avoided, patients were to abstain from smoking and alcohol, and avoid going to the salon to treat the
disease.

2.3. Evaluation criteria

(1) The clinical efficiency of the two groups was evaluated after 8 weeks of treatment, if the symptoms of
erythema, papule, and pustule disappear, and the skin lesions are completely repaired, then it is cured;
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if the symptoms of erythema, papule, and pustule disappear, and the skin lesions improve, then it is
effective; if it does not meet the criteria of cured and effective, it is ineffective; and the sum of the
percentage of the patients who are cured and effective is the clinical efficiency. After the treatment, the
two groups of patients were followed up for 3 months, and the recurrence rate was counted.

(2) Before treatment and after 8 weeks of treatment, the erythema, papule, pustule, and capillary dilatation
symptom scores of the two groups were evaluated with reference to the criteria of the Chinese Rosacea
Expert Consensus, and the scores were 0—4, with higher scores indicating more severe symptoms.

(3) The skin barrier function indexes of the two groups were evaluated before treatment and after 8 weeks
of treatment. The water content of the stratum corneum was measured by using a skin moisture tester,
and the amount of transdermal water loss was measured by using a Vapometer.

(4) The incidence of adverse reactions in the two groups was recorded.

2.4. Statistical methods

SPSS23.0 software was used to analyze the research data, the measurement data [mean + standard deviation (SD)]
used #-test, and the count data % used  test. P < 0.05 was considered to have statistically significant differences.

3. Results
3.1. Clinical effective rate and recurrence rate of the two groups

The clinical effective rate of the observation group was higher than that of the control group, and the recurrence
rate was lower than that of the control group (P < 0.05), as shown in Table 1.

Table 1. Clinical effective rate and recurrence rate of the two groups [n (%)]

Groups Cured Effective Ineffective Total effectiveness Recurrence rate
Observation group (n = 30) 21 8 1 29 (96.70) 2 (6.70)
Control group (n = 30) 15 7 8 22 (73.30) 8(26.70)
be - - - 6.405 4.320
- - - 0.011 0.037

3.2. Clinical symptom scores of the two groups

The clinical symptom score of the observation group was lower than that of the control group after treatment (P
<0.05), as presented in Table 2.

Table 2. Clinical symptom scores of the two groups (mean + SD)

Erythema Papules Pustules Capillary dilatation
Groups Pre-treat- Post-treat- Pre-treat-  Post-treat- Pre-treat-  Post-treat-  Pre-treat-  Post-treat-
ment ment ment ment ment ment ment ment

Observation

3.08£045 0.82+0.14 3.12+048 0.77+0.12 3.05+0.64 083+0.15 296+0.51 0.79+0.12
group (n = 30)

Control group
(n=30)

t 0.264 13.755 0.230 6.154 0.256 9.897 0.590 9.621

311+043 1.79+036 3.09+0.53 1.25+041 3.09+0.57 1.67+044 288+0.54 149+0.38

P 0.793 0.000 0.819 0.000 0.799 0.000 0.558 0.000
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3.3. Skin barrier function indexes of the two groups

The water content of the stratum corneum of the observation group was higher than that of the control group
after treatment, and the amount of transepidermal water loss was lower than that of the control group (P < 0.05),

as demonstrated in Table 3.

Table 3. Skin barrier function indexes of the two groups (mean + SD, g/h/cm?)

Groups Water content of the stratum corneum Transepidermal water loss
Pre-treatment Post-treatment Pre-treatment Post-treatment
Observation group (n = 30) 46.81 +4.58 60.12 +5.38 27.94+4.33 18.12 +£2.06
Control group (n = 30) 46.77 + 4.64 53.76 £3.19 27.89 +4.29 22.15+3.82
t 0.034 5.569 0.045 5.086
P 0.973 0.000 0.964 0.000

3.4. Incidence of adverse reactions in the two groups

No serious adverse reactions occurred during the treatment of the two groups of patients. In the observation
group, one case had obvious pain during intense pulsed light treatment, and the symptoms disappeared
without therapeutic intervention. Two cases in the control group experienced stomach pain during doxycycline
administration, and the symptoms disappeared after stopping the drug, and there was no significant difference
between the results of the two groups (P > 0.05).

4. Discussion

Rosacea is a common chronic inflammatory lesion of skin tissue and its pathogenesis is related to inflammatory
response. The main clinical symptoms of patients are erythema, papules, pustules, capillary dilatation, etc.,
which can affect facial aesthetics, and therefore it is necessary to take an early and effective therapeutic
intervention to control the progress of the disease ™.

The results of this study confirmed that the clinical effective rate of patients in the observation group
was higher than that of the control group, and the recurrence rate was lower than that of the control group,
suggesting that the treatment of rosacea patients with intense pulsed light combined with doxycycline was
effective with low recurrence rate. Analyzing the specific reasons, the pathogenesis of rosacea correlates with
infection and inflammatory response, so it requires anti-inflammatory and anti-infective drugs. Doxycycline is
the preferred oral treatment drug for rosacea recommended in the relevant guidelines, which is classified as a
tetracycline antibiotic, and its components can bind to the A region of the 30S subunit of the bacterial ribosome,
inhibit the bacterial protein synthesis and peptide chain growth, and kill follicle mites, thereby alleviating the
local infections and inflammatory reactions . Pharmacological treatment alone has a slow onset of action and
is ineffective in some severely ill patients. Intense pulsed light is a physical treatment in which the use of intense
photon irradiation of the lesion area during treatment can induce a chemical reaction in the collagen fibers in
the dermis, thus achieving the role of cosmetic spot removal . At the same time, intense pulsed light therapy
can gather energy in a smaller area, and then directly act on lesions such as erythema, papules, and pustules,
gradually restoring the barrier function of the skin tissue ©’. Intense pulsed light combined with doxycycline in
the treatment of rosacea can realize the synergistic effect between the two regimens, synchronously complete
the intervention of anti-infection and local lesions, and can promote the reconstruction of the skin barrier,
significantly reducing the recurrence rate, and its application value is significantly better than the single oral
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doxycycline treatment """,

The results of this study showed that the clinical symptom scores of the observation group were lower
than those of the control group after treatment, suggesting that intense pulsed light combined with doxycycline
treatment can reduce multiple symptoms. Infection and local inflammatory reactions are important factors
in the pathogenesis of rosacea, while oral doxycycline can kill pathogenic microorganisms, long-term use of
medication easily leads to drug resistance and the treatment efficacy in some patients with severe conditions
is poor """ In intense pulsed light treatment process, photothermal effect and heat conduction can destroy the
dilated capillaries and can act on the sebaceous glands, significantly decreasing the total amount of sebum
secretion and reducing the symptoms of pustules. The thermal effect produced during the light can kill local
pathogens, exert anti-inflammatory effects, and repair the skin barrier function, which can reduce the symptoms
of pustules and erythema "*',

This study confirmed that the water content of the stratum corneum of the observation group was higher
than that of the control group after treatment, and the amount of transepidermal water loss was lower than that
of the control group, suggesting that intense pulsed light combined with doxycycline treatment can improve the
skin barrier function. The skin barrier function of rosacea patients is impaired and external stimuli invade the
dermis, leading to aggravation of the condition. Doxycycline is an antimicrobial drug that can kill pathogens,
but has limited effect on the improvement of skin barrier function. Intense pulsed light therapy can produce
selective photothermal effects, destroy dilated capillaries, and remodel collagen, regulate collagen fiber
disorders, restore the elasticity of skin tissues, and repair the skin barrier function .

In this study, there was no significant difference in the incidence of adverse reactions between the two
groups. Compared with other tetracycline antibiotics, doxycycline has a higher medication safety and a slight
effect on liver and kidney function. During intense pulsed light treatment, physicians can adjust the energy
parameters according to the patient’s condition, and the energy is focused on the lesion site, which can avoid

damaging healthy skin tissues and have high therapeutic safety !'*.

5. Conclusion

In conclusion, it can be seen that the treatment effect of intense pulsed light combined with doxycycline in
rosacea patients is remarkable, which can alleviate the clinical symptoms and improve the skin barrier function,
with a lower recurrence rate after treatment and higher therapeutic safety, which is suitable for popularization

and use in healthcare institutions.
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