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Background: Pemphigus, a B-cell-mediated autoimmune disease, has been hypothesized to involve vitamin D due to its immuno-
modulatory effects on B-cell activity. However, observational studies on this association remain inconclusive due to confounding
factors. This study used genome-wide association study (GWAS) data for bidirectional two-sample Mendelian randomization (MR)
analysis to clarify causality.

Materials and Methods: Genetic instruments for serum vitamin D levels (61 SNPs) and pemphigus (3 SNPs) were analyzed via
inverse variance weighting (IVW), weighted median, and MR-Egger regression. Forward MR analysis revealed no causal effect of
vitamin Don pemphigus risk [TVW OR=0.835 (95% CI:0.318-2.189), P=0.623], consistent across sensitivity analyses. Conversely,
reverse MR showed pemphigus did not influence vitamin D levels [IVW OR=1.000 (95% CI:0.993-1.006), P=0.867]. Heterogeneity
(Cochran Q test) and pleiotropy (MR-Egger intercept) tests confirmed robustness of results.

Results: Our findings challenge the presumed causal link between vitamin D and pemphigus, suggesting observed associations may arise
from confounding factors. This underscores the need for mechanistic studies to explore alternative pathways in pemphigus pathogenesis.
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Introduction
Pemphigus is an autoimmune bullous disease involving the mucosa. Based on its unique clinical features and pathophy-
siology, several subtypes of pemphigus are currently identified, among which PV and PF are the two main types of
pemphigus. PV is characterized by mucosal involvement and anti-desmoglein 1 autoantibodies and anti-desmoglein 3
autoantibodies, while PF is mainly characterized by skin involvement and anti-desmoglein 1 autoantibodies.'* In recent
years, genetics has played a key role in the development, severity, and prognosis of pemphigus. Single nucleotide
polymorphisms (SNPs), the most common form of genetic variation in the human genome, can affect gene expression
through changes in promoter activity, messenger RNA stability, and protein function.® Genetic studies have identified
unique SNPs associated with PV and PF, suggesting that different subtypes of pemphigus have different pathogenic
pathways.*® However, it is worth noting that studies have found that there is a decrease in vitamin D levels in both
patients with PV and PF,%’ which indicates that vitamin D seems to be a common pathogenic pathway for both.
Vitamin D is a fat-soluble vitamin with pleiotropic effect. It regulates autoimmunity through adaptive immunity that
inhibits the activity of T lymphocytes and B lymphocytes.® Some scholars have found a large number of B lymphocytes
in pemphigus skin lesion. Activated by autoreactive T cells, B lymphocytes differentiate into plasma cells, produce anti-
Dsgl and anti-Dsg3 antibodies, and then bind to desmosomes on epidermal cells, causing blisters.”'® Vitamin D prevents
B cells from differentiating into plasma cells and producing antibodies.'' On the other hand, vitamin D can also enhance
the adhesion between keratinocytes and promote wound healing by upregulating the expression of desmoglein Dsgl1.'* In
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addition, SNP variants in genes associated with vitamin D metabolism, such as GC(rs2282679), CYP2R1(rs10741657),
and CYP27B1(rs10877012), have been shown to be associated with serum vitamin D levels. These SNP variants may
lead to reduced vitamin D levels in individuals’ serum by affecting the metabolic process of vitamin D.'* Several
observational studies have reported a positive correlation between decreased serum 25(OH)D concentration and
pemphigus.”'* Therefore, patients with these genetic variants may be more likely to develop pemphigus due to vitamin
D deficiency. However, Moravvej H reported that there was no association between serum 25(OH)D levels and
pemphigus compared with the healthy population.'> Moreover, vitamin D does not play a major role in the treatment
of pemphigus."'® The causal relationship between the two requires further study.

Mendelian randomization (MR) is a method that uses genetic variation as an instrumental variable to infer causality,
avoiding the biases inherent in observational studies due to confounding and measurement errors. In view of the
conflicting observational reports on vitamin D and pemphigus, this study proposes the hypothesis that vitamin D may
modulate pemphigus susceptibility or progression through bidirectional two-sample MR.

Research Methods and Data

Research Design

We followed the STROBE-MR (Report on Strengthening Mendel’s Randomized Epidemiological Observational Study)
and used the two-sample Mendelian randomization method for analysis to explore the causal association between vitamin
D and pemphigus.'” In the forward MR analysis, serum 25-hydroxyvitamin D levels were used as the exposure factor,
SNPs significantly related to vitamin D were selected as instrumental variables, and pemphigus was selected as the
outcome. In the reverse MR analysis, pemphigus was used as the exposure factor, SNPs associated with pemphigus were
selected as instrumental variables, and serum 25-hydroxyvitamin D levels were regarded as the outcome. The two-sample
MR analysis method was used to exclude heterogeneity by Cochran Q test, and the sensitivity analysis was performed on
the obtained results to verify its reliability. In addition, the following three key assumptions are adopted in this paper.
First of all, there’s a significant association between the instrumental variable and the exposure factor. Secondly, the
instrumental variable was not correlated with all confounding factors associated with the exposure-outcome. Thirdly, the
instrumental variable can only affect the outcome through its association with the exposure (Figure 1).'®

Data Sources
We selected serum 25-hydroxyvitamin D levels as the genetic data for vitamin D. because both vitamin D2 and D3 are
converted into 25-hydroxyvitamin D in the liver by the action of 25-hydroxylase from a metabolic perspective.'® From the
point of view of concentration, 25-hydroxyvitamin D is the main form of vitamin D in the bloodstream, and its half-life is
relatively long, providing stability in the blood.® Therefore, we obtained the genetic data of serum 25-hydroxyvitamin
D levels from GWAS summary data with 4,225,238 SNPs, including 496,946 European male and female descendants.

To match the genetic background of the study population, we selected the International Guidelines for the Management
of Pemphigus developed by the European Forum of Dermatology and the European Society of Dermatology and
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Figure | Key assumptions diagram for bidirectional MR analysis.
Notes: Green represents forward MR analysis, Serum 25-Hydroxyvitamin D levels are exposure, Pemphigus is the result, and red represents reverse MR analysis, where
Pemphigus is exposure and Serum 25-Hydroxyvitamin D levels are the result.
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Venereology,”' and combined with the suggestions proposed by a Delphi process involving 39 international pemphigus
experts.”” We defined pemphigus as a rare vesicular autoimmune disease affecting the skin and mucosa, and selected the Finn
Gen Biobank as the genetic data source. It included 451,899 European male and female descendants, with 208 SNPs. The
genetic backgrounds of the study populations in both datasets were of European origin, which could minimize the bias
caused by ethnic-related confounding factors. The basic information is shown in Table 1.

Ethical Statement
All the data used are publicly available, so no additional ethical approval is required.

Instrumental Variable Selection

To determine the appropriate instrumental variables, we took a series of quality control measures to ensure the robustness and
reliability of the analysis. SNPs with significant significance (P <5 x 10~'%) were selected as IVs. If no SNPs met the genome-
wide significance level, P < 1x10~> was taken as the lower threshold. It is due to strict thresholds that may make it difficult to
find enough SNPs for MR Analysis, but lowering the threshold increases the risk of false-positive results as well as reducing
the strength of instrumental variables, while also making interpretation of the results more complex. We set the parameters to r2
=0.001 and kb = 10000 to exclude the interference of linkage disequilibrium (LD) and ensure the independence of each SNP
to avoid the risk.”> For SNPs missing from the outcome, SNPs with strong linkage disequilibrium (12 > 0.8) were used to fill in
the missing values. The F statistic was calculated to assess the degree of association among the IV and the exposure risk and the
instrument strength, with an F statistic greater than 10 defined as a strong instrument. The F value was statistically processed
using SPSS23.0 statistical software package and expressed as (¥+s). Finally, the effective SNPs related to the exposure factor
were obtained as IVs for the two-sample MR analysis through the above methods.

The calculation formula for total F is:

N-K-1_ R

F
Xk J1-r

N is the sample size of the included exposure factors, K is the number of SNPs in the databases, and R? is the cumulative
explanatory variance of the selected SNPs in the exposure.
The calculation formula for R? is:

R _ XX BAF % (1 — EAF) x ?
B SD?

EAF is the effector allele frequency, SE is the standard error, SD is the standard deviation, and B is the allele effect value.

Mendelian Randomization Analysis

Firstly, the collected SNP data were harmonized, and SNPs with incompatible genes and palindromic SNPs with intermediate
gene frequencies were deleted.”* Then, MR analysis was performed using the “TwoSampleMR” (version 0.6.7) in “R version
4.4.1”. The main analysis method was the inverse variance weighted (IVW). The MR results were cross-validated by MR-
Egger regression, weighted median and other methods to ensure the validity and robustness of the research results.

Table | Brief Description of Data Sources Involved in Mendelian Randomization Studies

Name ID Sample Number Race Database Gender Year
size of SNPs
Serum 25- ebi-a-GCST900006 18 496,946 6,896,093 European European Male/Female 2020
Hydroxyvitamin Bioinformatics
D levels Institute
Pemphigus finngen_RI1_LI12_PEMPHIGUS 208 451899 European The Finn Gen Male/Female 2024
Biobank
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IVW is an instrumental variable that is valid across all genetic variants and has a strong ability to detect causality. It
obtains the overall estimate of the effect of exposure on the outcome by combining the Wald estimate of causality for
each IV.>> MR-Egger regression can identify and correct pleiotropy when the estimates of the instrumental variables are
biased, and can provide relatively robust estimates. At the same time, an intercept term is added in the regression to
determine the presence or absence of pleiotropy.”® The weighted median method (WME) can obtain robust results when
more than 50% of the weights come from invalid IVs. If there is horizontal pleiotropy, it can reduce Type I error to
evaluate a more accurate causal association.”’ In addition, the Cochran’s Q test in the IVW method is used for
heterogeneity analysis, and P < 0.05 is considered as heterogeneity®® (Supplementary Code S1 and S2).

Sensitivity Analysis

The sensitivity study included the pleiotropy test using the MR-Egger intercept and the leave-one-out sensitivity test.
Under the InSIDE assumption, the intercept of MR-Egger can be interpreted as the average pleiotropic effect of the
genetic variants included in the analysis. If the average pleiotropic effect is zero, the IVW method can give a consistent
estimate of the causal effect. Conversely, if the intercept of the MR-Egger analysis is not equal to zero, there will be
directed pleiotropy or a violation of the InSIDE hypothesis.>® The leave-one-out test is to exclude each SNP in turn and
then re-analyze the combined effect of the remaining SNPs to observe whether there is a large change in the result. The
purpose is to explore whether there is a single SNP that will cause a deviation in the overall causal effect.’

Results

Instrumental Variables

In the forward MR analysis, after screening the serum 25-hydroxyvitamin D levels by the genome-wide significance
threshold (P<5x10-'%), there were a total of 9262 SNPs. After linkage disequilibrium correction, we obtained 62
independent SNPs. After coordinating and merging with the outcome data, 61 SNPS except rs1841850 were obtained
as IVs (Supplementary Figure S1 and Table S1). In the reverse MR, the pemphigus data could not obtain enough SNPS

after the same threshold screening, so P<1x10~> was used for screening, and we obtained 11 independent SNPs. After
merging with the outcome, 3 SNPs were obtained as IVs. The average F values of serum 25-hydroxyvitamin D levels and
pemphigus were 181.599 and 21.867, respectively (Supplementary Figure S2 and Table S2), indicating that the bias of

weak IVs in this study could be negligible, and it was more likely to detect the true causal relationship between the
exposure and the outcome.

The Effect of Vitamin D on Pemphigus

In the forward MR analysis, there was no significant correlation between serum 25-hydroxyvitamin D levels and
pemphigus [OR (95% CI) = 0.835 (0.318-2.189), P = 0.623] (Table 2). In addition, the MR-Egger and WME tests
also cross-verify that there was no association between the two (Figure 2a). We used the Cochran Q test and MR-Egger
method to perform heterogeneity tests on the two, and no heterogeneity was found (Table 3). Similarly, the intercept test
also did not find pleiotropy (Table 4). After the SNPs were successively excluded by the leave-one-out method, the IVW
analysis results of the remaining 60 SNPs were similar to those of all SNPs included, indicating no sensitivity
(Figure 3a). The funnel plot result showed that when each SNP was used as a variable, the scatter of the causal
association effect was basically symmetrically distributed, and there was no potential bias in the result (Figure 3c).

The Effect of Pemphigus on Vitamin D

As shown in Table 2, the IVW method did not find a significant relationship between pemphigus and serum 25-
hydroxyvitamin D levels [OR (95% CI) = 1.000 (0.993-1.006), P = 0.867]. And there was also no significant association
in other models (Figure 2b). MR-Egger, the Cochran Q test in the IVW method, and the intercept test confirmed that
there was no heterogeneity and pleiotropy between the two (Tables 3 and 4). The leave-one-out method and funnel plot
(Figure 3b and 3d) further showed that the results of this study had no sensitivity and were robust.
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Table 2 MR Analysis of the Causal Relationship Between Vitamin D Levels and Pemphigus

Exposure Outcome Number of | F Statistic Methods B OR (95% CI) SE P
SNPs (%s)
Serum 25- Pemphigus 6l 181.599 MR Egger —1.154 | 0.315(0.058~ 1.699) | 0.859 | 0.184
Hydroxyvitamin +282.345
D levels
Weighted 0.227 1.255(0.282~ 5.583) | 0.761 | 0.364
median

Inverse variance | —0.180 | 0.835(0.318~ 2.189) 0.491 | 0.623

weighted
Pemphigus Serum 25- 3 21.867+3.10 MR Egger —0.002 1.000(0.993~ 1.006) 0.009 | 0.817
Hydroxyvitamin
D levels
Weighted 0.0005 1.000(0.992~ 1.008) 0.003 | 0.855
median

Inverse variance | 0.0001 0.997(0.978~ 1.017) | 0.003 | 0.867
weighted

Discussion
This is the first study to examine the association between vitamin D and pemphigus using GWAS data. Our study did not
find a causal relationship between vitamin D levels and pemphigus.

In recent years, some studies have noted an association between vitamin D levels and pemphigus, which is contrary to
our findings. A positive cohort study on pemphigus patients showed that these patients had vitamin D deficiency and
decreased CYP27B1 expression. The defect in the expression of this metabolic enzyme may lead to a reduction in the
production of locally synthesized active vitamin D, thereby impairing immune function. In addition, these patients were
routinely given vitamin D2 supplementation, but serum levels remained below the normal range, raising doubts about the
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Figure 2 The scatter plot for MR analyses.
Notes: (a) scatter plot of the causal effect of vitamin D on pemphigus risk. (b) scatter plot of the causal effect of pemphigus on vitamin D risk.
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Table 3 Heterogeneous Test Between Vitamin D and Pemphigus

Heterogeneity Test

Exposure Outcome MR-Egger Inverse Variance Weighted
Q Statistic P Q Statistic P

Serum 25-Hydroxyvitamin D levels Pemphigus 62.262 0.360 64.26288 0.329

Pemphigus Serum 25-Hydroxyvitamin D levels 0.238 0.625 0.297 0.861

Table 4 Pleiotropy Test Between Vitamin D and Pemphigus

Pleiotropy Test

Exposure Outcome MR-Egger Regression
Intercept P

Serum 25-Hydroxyvitamin D levels Pemphigus 0.038 0.173

Pemphigus Serum 25-Hydroxyvitamin D levels 0.001 0.848

adjuvant therapeutic effect of vitamin D6. To further study of the connection between the two, some scholars selected
a case-control study including 239 pemphigus patients for Meta-analysis, and the results showed that the serum 25-
hydroxyvitamin D levels of these patients were decreased.”

A retrospective study in North India found that pemphigus patients showed a deficiency in vitamin D (11.1 £ 5.8ng/mL),
indicating that vitamin D deficiency may be a risk factor for pemphigus in the North Indian population. However, there was
no statistical significance between the vitamin D level of the control group (12.1 + 9.2ng/mL) and that of the pemphigus
patients (P = 0.6958). The researchers believed that it may be related to the fact that vitamin D deficiency is common in the
North Indian population.*® However, it also illustrates the inherent limitations of retrospective studies, although these
studies have taken measures such as matching age and ethnicity to minimize confounding effects.

To further explore the above controversial content, we reviewed the relevant literature and concluded that several
reasons may be responsible for the link between vitamin D and pemphigus.

Firstly, from a social point of view, pemphigus patients have a worse quality of life than healthy people, resulting in
significantly lower self-image satisfaction and reduced daily activities.*'*? Insufficient sunlight exposure is the main
factor leading to vitamin D deficiency, and the synthesis of vitamin D mainly depends on sun exposure. Studies have
shown that occasional exposure to sunlight is not enough to raise and maintain the concentration of serum 25(0OH)D.** It
is possible that pemphigus patients have a lack of vitamin D synthesis pathway due to reduced outdoor activities, thus
forming a vicious cycle of continuous reduction. However, these speculations need to be confirmed by further studies.

Secondly, from the immunological aspect, the pathogenesis of pemphigus is caused by autoantibodies targeting
desmosomal core glycoprotein. B cells are a reservoir of cells that produce large amounts of secreted antibodies while
eliminating cells with self-reactive antigen-specificity.”* B cells can produce antibodies targeting desmosomal core
glycoprotein, leading to loss of cell adhesion and blister formation.*” It indicates that B cell activation plays an important
role in pemphigus. At the level of immune regulation, vitamin D inhibits auto-reactive B cell activation through a dual
pathway. First of all, vitamin D acts directly on B cells, which can promote the apoptosis of activated B cells, regulate
class switching, inhibit the production of plasma cells and post-switched memory B cells, and inhibit immune diseases
caused by B cell formation.’® On the other hand, vitamin D promotes the transition of CD4 + T cells from pro-
inflammatory Th1 phenotype to anti-inflammatory Th2 phenotype, promotes Treg cell expansion and inhibits Th17 cell
differentiation through VDR, and reduces the secretion of pro-inflammatory factors such as IL-17 and IL-21.>7>® Some
scholars have found a significant increase in Th17 cells and a decrease in Treg cells in the blood of PV patients, which
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Figure 3 Sensitivity analysis and funnel plot for MR analysis.
Notes: (a): “Leave out one”sensitivity analysis of vitamin D to pemphigus. (b) “Leave out one” sensitivity analysis of pemphigus to vitamin D. (c) Causality funnel plot of

vitamin D to pemphigus risk. (d) Causality funnel plot of pemphigus to vitamin D risk.

may lead to insufficient inhibition of Treg cells to over-activation of B cells, and further differentiation into plasma cells
to produce autoantibodies against keratin cell adhesion proteins.*® It suggests that vitamin D can also indirectly regulate
B cell function by regulating T cell subset balance. However, there is currently a lack of experimental evidence for the
direct intervention of vitamin D in pemphigus patients, and the correlation between the two cannot be further confirmed.

In addition, glucocorticoids are the preferred treatment for pemphigus. However, long-term use of glucocorticoids can
lead to bone damage, characterized by decreased bone density and increased risk of pathological fractures.*’ In
experimental studies, glucocorticoids directly counteract the effect of 1,25(OH),Ds; by reducing the expression of
TRPV6, calbindin, and PMCA 1b, thereby down-regulating the active intestinal absorption of calcium and having
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a negative impact on bone density.*' Among them, cadherin, as a membrane-bound cell adhesion protein, is the core of
adhesion connections in the epithelial cell layer, and is also the target of pemphigus autoantibodies.** When calcium is
poorly absorbed, it can lead to structural instability and decreased expression of cadherin, leading to acantholysis and
blister formation between epithelial cells in pemphigus.***** Vitamin D receptor deficiency leads to a reduction in the
cadherin complex, which in turn affects the activation and migration of stem cells, resulting in delayed wound healing.*®
Therefore, high doses of glucocorticoids may have contributed to the reduction of vitamin D levels in Pemphigus patients
by counteracting vitamin D and reducing the absorption of calcium in the intestine. And it may be exacerbated by
abnormal expression of cadherin in some pemphigus patients who are not sensitive to glucocorticoid therapy. However,
the current interpretation of vitamin D in the treatment of pemphigus is only from the perspective of osteoporosis
prevention, and there is no evidence to suggest that vitamin D can be used as a target for intervention in pemphigus
pathogenesis. Future researchers may need to pay more attention to the usage regimen of vitamin D, including the
duration and dosage.

In summary, existing observational studies are susceptible to confounding factors, making it difficult to define the
causal relationship between vitamin D and pemphigus. These findings should be interpreted with caution. In this study,
the MR analysis has the advantages of using genetic information as I'Vs and a large sample size, and the results are more
robust and reliable. Moreover, the GWAS data of pemphigus and vitamin D are both from the European population,
which reduces the possibility of population stratification bias and improves the rationality of the two-sample MR
hypothesis. In addition, we also adopted different estimation models and sensitivity analyses to cross-validate the
obtained results, obtaining reliable and robust results. At the same time, there are still some limitations in the results
of our study. First of all, this study only includes people of European ancestry, and the representativeness of the results
needs to be further verified in other ethnic groups. Furthermore, we also need larger sample sizes in the future, especially
in pemphigus, to improve the accuracy of the estimation and reduce the contingency of the research results.

Conclusion

The MR analysis of this study found no evidence of a causal effect of vitamin D levels on pemphigus risk, challenging
the associations reported in observational studies. Meanwhile, future research based on higher quality GWAS data and
more advanced methods are needed.
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