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Abstract

Background: Anti-N-methyl-d-aspartate (Anti-NMDA) receptor encephalitis is a rare
autoimmune disease, which is caused by antibodies attacking NMDA receptors in the
brain. Previous studies revealed that this disorder might be induced by vaccination.
Vaccination is the most useful strategy to prevent human or animal infectious diseases.
Although vaccines can produce immunity against diseases, at low risk, they may trigger
serious adverse events. Anti-NMDA receptor encephalitis has been studied to be related
to the HIN1 (influenza A virus subtype HIN1), tetanus/diphtheria/pertussis and polio
vaccine, Japanese encephalitis, yellow fever, and coronavirus disease 2019 (COVID-
19) vaccination. Several cases have been reported that anti-NMDA receptor
encephalitis could also be triggered by the human papillomavirus (HPV) vaccine.

However, there is a lack of studies to investigate the underlying mechanism.

Methods: This study discussed the potential association between anti-NMDA receptor
encephalitis and HPV vaccination in terms of their microRNA (miRNA) biomarkers.
Phylogenetic tree and distance similarity analyses are used to explore the relationship
between their miRNA biomarkers.

Results: The analysis shows a higher degree of similarity between miRNA biomarkers
linked to HPV and those associated with anti-NMDA receptor encephalitis or its related
vaccines when compared to the overall miRNAs. It indicates that while the risk of HPV
triggering anti-NMDA receptor encephalitis is low, a connection between anti-NMDA

receptor encephalitis and HPV vaccination cannot be ruled out.



Conclusion: While the risk of HPV vaccination triggering Anti-NMDA receptor
encephalitis appears to be low, the results of this study do not rule out a potential
association. This finding suggests that in cases where individuals receiving HPV
vaccination experience psychiatric or neurological symptoms, it should be considered
to diagnose anti-NMDA receptor encephalitis, given the exclusion of other possible

complications.
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1. Introduction

Anti-N-methyl-d-aspartate (Anti-NMDA) receptor encephalitis is an acute autoimmune
disorder that develops both neurological symptoms and psychiatric symptoms,
including hallucination, cognitive disturbance, epilepsy, movement disorder, and
impaired consciousness. Dalmau and his colleagues first described this disease in 2007
[1], but many cases or some extreme cases might date back to before 2007 [2, 3]. This
disease may be misdiagnosed at the early stage as a psychosis disease because of
primary psychiatric symptoms. The misdiagnosis may delay appropriate therapeutic
intervention. This disease is more common in women than in men. The causes of some
patients are associated with tumors, especially ovarian teratomas, and these patients

can be treated with tumor resection. Most patients with anti-NMDA receptor
encephalitis respond to immunotherapy. A treatment strategy using at least two of these
therapies might have higher efficacy rates than treatment with only a single form of
therapy [4], and treatment efficacy may depend on gender [5]. Early treatment with

proteasome inhibitor bortezomib appears safe in anti-NMDA receptor encephalitis [6].

The pathology of this disease is an autoimmunity reaction that anti-NMDA antibodies
attack patients’ brains. Tumors might induce anti-NMDA receptor immune responses
due to cross-reactivity with NMDA receptors in teratomas containing brain cells [7].
Ovarian teratomas could trigger anti-NMDA receptor encephalitis [8, 9], and other
tumors including neuroendocrine tumors, mediastinal teratomas, testicular teratomas,
and small-cell lung carcinoma have been reported to be associated with anti-NMDA
antibodies [10-13].



In addition to tumors, other types of encephalitis may trigger anti-NMDA receptor
encephalitis. Japanese encephalitis (JE) and herpes simplex virus (HSV) encephalitis
might induce anti-NMDA receptor encephalitis [13]. Three patients who had confirmed
JE were examined to have positive anti-NMDA receptor immunoglobulin G in their
cerebrospinal fluid (CSF) [14]. Anti-NMDA receptor encephalitis has been reported to
follow HSV encephalitis with seroconversion rates of up to 30% [15]. In addition,
autoimmune diseases might be triggered by immunity induced by vaccination [16].
Several anti-NMDA receptor encephalitis cases have been reported to be associated
with vaccination. A two-year-old girl developed anti-NMDA receptor encephalitis
following a second dose of JE vaccination [17]. Several patients developed
anti-NMDA receptor encephalitis following HIN1 influenza (influenza A virus subtype
HINTI), or diphtheria/pertussis/tetanus/poliomyelitis vaccination [18, 19]. A 22-year-
old female patient developed anti-NMDA receptor encephalitis after receiving a booster
vaccination against diphtheria/pertussis/tetanus/poliomyelitis [20]. Recently, it was
reported that stress might cause this disease, and stress management may prevent
relapse [21]. New evidence showed that immunosuppressive therapy after liver
transplantation could induce anti-NMDA receptor encephalitis [22]. The coronavirus
disease 2019 (COVID-19) pandemic is a serious health crisis caused by the spread of
the SARS-CoV-2 virus [23, 24]. COVID-19 vaccination or infection has been reported
to be related to anti-NMDA receptor encephalitis [25]. Anti-NMDA receptor
encephalitis has been reported to be associated with COVID-19 in a 7-year-old boy [26].
A 21-year-old woman with a history of COVID-19 was diagnosed with anti-NMDA
receptor encephalitis [27]. A 53-year-old woman was accompanied by SARS-CoV-2
infection during an anti-NMDA receptor encephalitis episode [28]. A 33-year-old
woman developed acute anti-NMDA receptor encephalitis following COVID-19
vaccination [29]. A 20-year-old female presented with abnormal behavior following the
first dose of the BNT162b2 COVID-19 m-RNA vaccine, and anti-NMDA receptor
antibodies were identified in both her serum and CSF [27].

In addition to these vaccines, cases of papillomavirus (HPV) vaccination triggering
anti-NMDA receptor encephalitis have been reported, but the underlying mechanism
has not been explored [30, 31]. HPV vaccination prevents infections with HPV, which
can cause cervical cancer (CC). CC is one of the most common cancers threatening
women's health that develops in a woman's cervix. High-risk subtypes of HPV were the
cause of CC in most cases [32]. Persistent infection of high-risk HPV might induce CC
and many other cancers [33]. Since the vaccine is expected to be less effective after an

individual has been exposed to HPV, the vaccination is recommended before the age of
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sexual debut. The World Health Organization (WHO) recommended vaccination
against HPV for girls aged 9—-14 [34].

Cases of adverse events related to HPV vaccination including chronic fatigue syndrome,
postural orthostatic tachycardia syndrome (POTS), orthostatic intolerance, and
complex regional pain syndrome have been reported [35-38]. Compared to these
adverse events, only a few studies reported anti-NMDA receptor encephalitis cases that
were associated with HPV vaccination. A woman with postural tachycardia syndrome
after HPV vaccination tested positive for anti-NMDA receptor antibodies [30]. A study
investigated the vaccines that might trigger anti-NMDA receptor encephalitis by
searching VigiBase (a WHO database) up to 31 December 2021 [31]. It showed that the
HPYV vaccine (15.7%) and diphtheria/pertussis/tetanus/poliomyelitis vaccine (15.7%)
were most commonly suspected of being associated with anti-NMDA receptor
encephalitis, followed by the influenza vaccine (13.7%). Since cases of HPV
vaccination triggering anti-NMDA receptor encephalitis have been reported, this study
investigates the underlying mechanism from a molecular perspective. The method is

based on the phylogenetic analyses of microRNA (miRNA) biomarkers.

miRNAs are single-stranded non-coding RNAs, approximately 22-24 nucleotides in
length, that play important roles in the regulation of gene expression, cell proliferation,
and apoptosis [39]. In cancer development, miRNAs function as tumor suppressors or
oncogenes by targeting specific genes [40]. In addition to cancer, miRNA also may
contribute to neurological diseases and inflammation in the brain [41] and other
diseases [42-45]. Different diseases share many common miRNA biomarkers such as
major depression, aging diseases, and autoimmune diseases [46-50]. miRNA
biomarkers have been used to explore the relationship between anti-NMDA receptor

encephalitis and vaccination (or tumors) [13, 17, 25, 51, 52].

2. Materials and Methods

2.1 MicroRNA biomarker

A literature search was conducted to identify miRNA biomarkers of HPV. The Web of
Science, PubMed, and Google Scholar databases were used to find relevant papers by
performing a systematic search using the following terms “microRNA” and “HPV” or
“miRNA” and “HPV”. Some of the results are presented in Table 1. Not all of the
searched miRNA biomarkers for HPV are considered in this study. One of the reasons
is that the number of searched miRNA biomarkers is much larger than those used for
other vaccines or anti-NMDA receptor encephalitis. If all of the searched biomarkers

are used, the analysis result may be biased due to the unbalanced problem.
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Two miRNA databases miRBase (https://www.mirbase.org) [53] and MirGeneDB
(https://mirgenedb.org/) [54, 55] are used to obtain miRNA sequences. The miRNA IDs

of these miRNA biomarkers of these two databases are provided in Tables 1 and 2.

Table 1. miRNA biomarkers for HPV

miRNA miRBase ID | MirGeneDB ID | Reference

miR-29a Hsa-Mir-29- [56, 57]
P2b

miR-375 Hsa-Mir-375 [56, 58-60]

miR-195 Hsa-Mir-15- [56, 61]
P2d

miR-99a Hsa-Mir-10- [56, 62]
P2c

miR-155 Hsa-Mir-155 [56, 63]

miR-92a - [56, 64]

miR-15b Hsa-Mir-15- [65, 66]
P1b

miR-16 - [65, 67]

miR-193b Hsa-Mir-193- [65, 68]
Pla

miR-203 Hsa-Mir-203- [65, 69, 70]
vl
Hsa-Mir-203-
v2

miR-497 Hsa-Mir-15- [61,71]
P1d

miR-363 Hsa-Mir-92- [61,72]
P2c

miR-143 Hsa-Mir-143 [61, 73]

miR-145 Hsa-Mir-145 [61, 73]

miR-424 Hsa-Mir-15- [60, 74]
Plc

miR-139a - [75]

The 16 miRNAs presented in Table 1 are used as miRNA biomarkers in this study. The
6 miRNAs, miR-375, miR-29a, miR-99a, miR-155, miR-92a, and miR-195 were
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validated to be related to HPV-infected cells using the real-time reverse transcription
polymerase chain reaction, and miR-29a was shown to be most highly enriched by a
miRNA-mRNA regulatory network [56]. miR-375 expression was significantly
downregulated in CC [58]. The overexpression of miR-375 significantly induced
apoptosis in HPV-18(+) CC cells [59]. miRNA expression profiles were studied in
HPV- negative and HPV- positive head and neck squamous cell carcinoma (HNSCC)
against cervical squamous cell carcinoma (CSCC), and miR-195, miR-497, miR-363,
miR-143, and miR-145 were significantly different expressed [61]. High-risk HPV
can encode E6 and E7 proteins which are the oncogenic drivers. miR-15b, miR-16,
miR-193b, and miR-203a were consistently upregulated or downregulated in human
foreskin keratinocytes with stable expression of HPV16 E6/E7 compared with a control
vector [65]. miR-424 played an important role in the regulation of HPV replication [74].
miR-139-3p targeted high-risk HPV-16 oncogenic proteins and activate major tumor

suppressor proteins (p53, p21, and p16) [75].

The miRNA biomarkers of anti-NMDA receptor encephalitis were studied [51]. The
miRNA biomarkers of other vaccines related to anti-NMDA receptor encephalitis
were discussed in Wang (2017)[17] (Table 4). There are several common miRNAs in
Tables 1 and 2 including miR-29a, miR-145, miR-15b, and miR-155.

Table 2. miRNA biomarkers for HIN1, pertussis, poliomyelitis, herpes simplex virus,
Japanese encephalitis virus, COVID-19, and anti-NMDA receptor encephalitis in the
reference [17, 25]
Vaccine or encephalitis miRBase ID MirGeneDB ID
Hsa-Mir-491,

miR-323, miR-491, Hsa-Mir-154-P23,
miR-654, miR-10a, Hsa-Mir-10-Plc-vI,
let-7¢c, let-7f, miR-31, Hsa-Mir-10-Plc-v2,

HINI miR-29a, miR-  Hsa-Mir-31,
148a, miR-146a Hsa-Mir-29-P2b,
Hsa-Mir-148-P1,
Hsa-Mir-146-P4
Hsa-Mir-202,
miR-202, miR-342, Hsa-Mir-342,
pertussis miR-206, miR-487b, Hsa-Mir-1-P2,
miR-576 Hsa-Mir-154-P17,
Hsa-Mir-576
poliomyelitis miR-555 -




herpes simplex virus

miR-145, miR-101

Hsa-Mir-145,

Hsa-Mir-101-P1-v1,
Hsa-Mir-101-P1-v2,
Hsa-Mir-101-P2-v1,
Hsa-Mir-101-P2-v2

Japanese encephalitis virus

miR-19b-3p,
miR-33a-5p,
miR-155,
miR-29b,
miR-146a

Hsa-Mir-155,
Hsa-Mir-146-P4

COVID-19

miR-16-2, miR-6501,
miR-618, miR-183,
miR-627, miR-144,
miR-15a, miR-15b,
miR548c, miR-548d,
miR-409, miR-30b,
miR-505, miR-4485,
miR-483, miR-6891,
miR-4284,
miR-4463, miR-
12136, miR-107,
miR-125b, miR-29b,
miR-299, miR-501,
miR-181, miR-4745,
let-7a, miR-374a,
miR-194, miR-4454,
miR-135b, miR-23b,
let-7f-1,  miR-429,
miR-5701, miR-
450b, miR-7-1, miR-
26b, miR-23c, miR-
374c, miR-374b,
miR-26a, miR-365a,
miR-365b, miR-940,
miR-362, miR-1275,
miR-1296, miR-
548d, miR-16-2,
miR-155, miR-126,
miR-15b, miR-142,
miR-146a, miR-21,

Hsa-Mir-15-Pla
Hsa-Mir-15-P1b
Hsa-Mir-154-P36
Hsa-Mir-30-P2a
Hsa-Mir-483
Hsa-Mir-103-P1
Hsa-Mir-362-P3
Hsa-Mir-374-P1
Hsa-Mir-135-P4
Hsa-Mir-23-P2
Hsa-Mir-8-P3a
Hsa-Mir-450-P3
Hsa-Mir-7-P2
Hsa-Mir-26-P2
Hsa-Mir-374-P2
Hsa-Mir-193-P2a
Hsa-Mir-193-P2b
Hsa-Mir-362-P1
Hsa-Mir-1296
Hsa-Mir-155
Hsa-Mir-146-P4
Hsa-Mir-21,
Hsa-Mir-505-v1
Hsa-Mir-505-v2,
Hsa-Mir-154-P2-v1,
Hsa-Mir-154-P2-v2,
Hsa-Mir-126-P2-v1
Hsa-Mir-126-P2-v2
Hsa-Mir-126-P2-v3,
Hsa-Mir-142-P1-v1
Hsa-Mir-142-P1-v2
Hsa-Mir-142-P1-v3
Hsa-Mir-142-P1-v4,




Hsa-Let-7-P2al
Anti-NMDA Hsa-Let-7-P2b2,
receptor encephalitis let-7a, let-7b, let-7d, Hsa-Let-7-P2cl

let-7f
Hsa-Let-7-P2b1

2.2 Phylogenetic tree

The phylogenetic tree analysis was a useful tool in the miRNA study [76-80] and has
been successfully used in exploring the association between anti-NMDA receptor
encephalitis and vaccination or other diseases [13, 17, 25]. The procedure of using
phylogenetic tree analyses to explore the disease association has been proposed [81].
To construct the phylogenetic trees of the miRNA biomarkers, pre-miRNA stem-loop
sequences of the miRNA biomarkers in Tables 1 and 2 were obtained from miRBase
and MirGeneDB databases.

2.3 Similarity analysis

In addition to using the phylogenetic tree method based on the pre-miRNA sequences
to discuss the relationship of the miRNA biomarkers, another approach useful method
is using the similarity of these miRNA biomarkers based on the miRNA mature
sequence. The pre-miRNA can provide more information about miRNAs, while the
mature miRNA is the functional one that can target mRNAs. If the average distance of
miRNA biomarkers of two diseases is relatively small compared with the average
distance of all miRNAs, then the two diseases may have an association [82]. The
distance distribution of miRNAs can be used to evaluate the similarity of miRNAs.
Since the distance distribution of the mature miRNA sequences in MirGeneDB
database has been derived [82], the similarity of miRNA biomarkers is examined based
on the mature miRNA sequences from MirGeneDB database. The miRNA IDs of
MirGeneDB corresponding to the miRNA IDs of MiRBase are provided in Tables 3
and 4. Since the number of miRNAs stored in MirGeneDB is less than that in MiRBase,
not all miRNAs in miRBase have corresponding MirGeneDB IDs.

3. Results
The relationship between miRNA biomarkers of HPV and those of anti-NMDA receptor
encephalitis is explored by the phylogenetic tree analysis and distance similarity

analysis.

3.1 Phylogenetic Tree using miRBase database

Phylogenetic trees were constructed for miRNA biomarkers associated with HPV and

anti-NMDA receptor encephalitis, as well as for some viruses related to anti-NMDA

receptor encephalitis, including HIN1, JE virus, and HSV. First, the pre-miRNA stem-
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loop sequences obtained from miRBase are used to construct the phylogenetic trees
based on the Jukes-Cantor distance method and average method using Matlab software.
The phylogenetic tree of miRNA biomarkers for HPV and anti-NMDA receptor
encephalitis is plotted in Figure 1(a). The results show that the four anti-NMDA
receptor encephalitis biomarkers are in a branch separated from HPV biomarkers. Since
the miRNA biomarkers of HPV and anti-NMDA receptor encephalitis are not close, it
might indicate a low risk of HPV triggering this disorder. Furthermore, the phylogenetic
trees of miRNA biomarkers for HPV and several anti-NMDA receptor encephalitis-
related vaccines or viruses including HIN1, JE, and HSV are plotted, respectively
(Figure 1(b) and Figures 2). In these figures, the biomarkers of HPV and other
biomarkers cannot be classified into two groups. As a result, despite the not strong
association result from Figure 1(a), the relationship between anti-NMDA receptor
encephalitis and HPV may not be excluded. It is worth noting that miR-375, a
biomarker associated with HPV, appears in a separate branch in most of these figures,
indicating that it is distinct from other miRNA biomarkers of HPV or other viruses.

This suggests that miR-375 may be a valuable specific biomarker for HPV detection.
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Figure 1. (a) The phylogenetic tree of miRNA biomarkers for HPV and anti-NMDA
receptor encephalitis (miRBase data); (b) The phylogenetic tree of miRNA biomarkers
for HPV and HIN1 (miRBase data)
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Figure 2. (a) The phylogenetic tree of miRNA biomarkers for HPV and JE (miRBase
data) (b) The phylogenetic tree of miRNA biomarkers for HPV and herpes simplex

virus (miRBase data)
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3.2 Phylogenetic Tree using MirGeneDB Database

Next, the pre-miRNA stem-loop sequences obtained from MirGeneDB database are
used to plot the phylogenetic trees. Figures 3 and 4 show a similar result to the result
from miRBase database. In addition, miR-375 is also in a branch separated from other
miRNAs. Therefore, according to the results from both miRBase and MirGeneDB
databases, miR-375 is a specific biomarker for HPV that is worth further investigation.
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Figure 3. (a) The phylogenetic tree of miRNA biomarkers (MirGeneDB data) for HPV
and anti-NMDA receptor encephalitis (MirGeneDB data); (b) the phylogenetic tree of
miRNA biomarkers for HPV and HIN1 (MirGeneDB data)
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Figure 4. (a) The phylogenetic tree of miRNA biomarkers for HPV and JE (MirGeneDB
data); (b) the phylogenetic tree of miRNA biomarkers for HPV and herpes simplex virus
(MirGeneDB data)
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3.3 The similarity of miRNA biomarkers

The phylogenetic tree analysis can provide a rough visualization to analyze the
relationship of the miRNA biomarkers. A more depth analysis can be based on the
miRNA distance distributions. A small average distance of the miRNA biomarkers for
two diseases might indicate an association between these two diseases [82, 83]. More
details are provided in the Materials and Methods section. Tables 3 and 4 show the
average distances based on two distance models (Jukes-Cantor model and Kimura
model) for the biomarkers of HPV alone, HPV and HIN1 together, HPV and pertussis
together, HPV and HSV together, HPV and JE virus together, HPV and COVID-19
together, and HPV and anti-NMDA receptor encephalitis together, respectively. The
case of HPV alone in Tables 3 and 4 calculates the pairwise distances of 14 miRNAs
with MirGeneDB ID in Table 1. The case of HPV and HIN1 together calculates the
pairwise distances of 21 miRNAs (the third row in Tables 1 and 2). There are 14
miRNAs for HPV and eight miRNAs for HIN1 in MirGeneDB, but HPV and HINI1
have a common biomarker miR-29a. Therefore, the pairwise distances of the 21 (14+8-
1) miRNAs are calculated.

The corresponding percentiles of these average distances can be estimated using Table
2 and Table 4 of Wang (2022)[82]. The smaller the percentile, the more similar these
miRNAs are. Tables 3 and 4 show that many of these percentiles are less than the 30
percentile. It indicates that they are relatively similar compared with the overall
miRNAs. As a result, the miRNA biomarkers of HPV are relatively similar to those of
anti-NMDA receptor encephalitis or those of vaccines related to this encephalitis. In
conclusion, while the association between HPV and anti-NMDA receptor encephalitis
is not strong, it cannot be completely ruled out based on the study of their miRNA

biomarkers.

Table 3. The average distances of miRNA biomarkers and the corresponding
percentiles based on Jukes-Cantor model

Vaccines or diseases The average distance of | The percentile of the

miRNA pairwise distance | average distance

HPV 1.37745 27
HPV, HINI1 1.55726 39
HPV, pertussis 1.50918 37

1.32532 24

HPYV, herpes simplex virus
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HPV, Japanese encephalitis | 1.41060 30

virus
HPV, COVID-19 1.60469 42
HPV, Anti-NMDA 1.38898 28

receptor encephalitis

Table 4. The average distances of miRNA biomarkers and the corresponding
percentiles based on Kimura model

Vaccines or diseases The average distance of | The percentile of the

miRNA pairwise distance | average distance

HPV 1.02880 19
HPV, HINI 1.10861 21
HPYV, pertussis 1.10968 21

0.96933 14

HPV, herpes simplex virus

HPYV, Japanese encephalitis | 1.04861 19
virus

HPV, COVID-19 1.27224 38
HPV, Anti-NMDA 1.11596 22

receptor encephalitis

4. Discussion
In this study, the relationship between miRNA biomarkers of HPV and miRNA
biomarkers of anti-NMDA receptor encephalitis is investigated which is used to
examine the association between HPV and anti-NMDA receptor encephalitis. miR-375
1s the most distinct miRNA of HPV from the four biomarkers let-7a, let-7b, let-7d, and
let-7f of the anti-NMDA receptor encephalitis (Figures 1-4), while miR-155 is the most
similar miRNA biomarker of HPV to the four biomarkers of the anti-NMDA receptor
encephalitis (Figure 1 and Figure 3). Figures 1-4 are plotted based on the distance of
pre-miRNAs. The human pre-miRNA distance distribution has been derived as well as

16



the human mature distance distribution [83]. The average of the pre-miRNA pairwise
distance of miR-375 to the four biomarkers let-7a, let-7b, let-7d, and let-7f of the anti-
NMDA receptor encephalitis is 1.3008, which is in the 92nd percentile of the pre-
miRNA distance distribution [83]. It indicates that miRNA-375 is very dissimilar to the
miRNA biomarkers of anti-NMDA receptor encephalitis. The average of the pre-
miRNA pairwise distances of miR-155 to the four biomarkers of anti-NMDA receptor
encephalitis is 0.8184, which is the 16th percentile of the pre-miRNA distance
distribution [83]. It indicates that miRNA-155 is very similar to the miRNA biomarkers
of anti-NMDA receptor encephalitis.

This method identifies that miRNA-375 and miR-155 are the most dissimilar and the
most similar miRNA biomarkers of HPV respectively, among the 16 HPV biomarkers
compared to the miRNA biomarkers of anti-NMDA receptor encephalitis. The validity
of these results can be confirmed by the related literature. Diabetes might be the most
important disorder associated with miR-375, while immunity modulation might be the
most important function related to miR-155. miR-375 was one of the most abundant
miRNAs in the islets, and was required for normal glucose homeostasis [84, 85]. The
immune system of diabetes patients might attack the B-cells in the pancreas, causing
the pancreas to stop generating enough insulin to maintain normal levels of glucose in
the blood [86]. Human cyclic adenosine monophosphate (cAMP) response element
modulator (CREM) was a target gene of miR-375 and the interaction of CREM and
miR-375 may account for B-cell regulation [87]. miR-155 might modulate immune
cells including dendritic cells, B lymphocyte cells, and T lymphocyte cells, and
contribute to autoimmune disease development [88]. miR-155 significantly impacted
immune cells and the miR-155 expression increased after immune cell activation [89].
The proper and timely regulation of miR-155 expression was important for inducing an

effective anti-virus immune response in many viral infections [90].

Anti-NMDA receptor encephalitis is an autoimmune disease that may be caused by
infections, tumors, vaccination, or other unknown factors. It has been shown as a
comorbidity of many diseases such as COVID-19 and tumors. So far, no evidence to
show that any specific virus, vaccine, or disease is irrelevant to anti-NMDA receptor
encephalitis. However, according to the literature search, diabetes may not be directly
related to it, while the immune response is the main cause of anti-NMDA receptor
encephalitis. The most dissimilar and similar biomarkers of HPV to this encephalitis
are miR-375 and miR-155, respectively, which have been linked to diabetes and
immunity modulation, respectively. As a result, this may indicate a rationale for using

the similarity of miRNA biomarkers to explore the association between diseases.
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HPV is a common sexually transmitted vector, and different types of HPV can infect
the genital area of both men and women. HPV could also infect the lining of the mouth
and throat, and was associated with CC, certain head and neck cancers, and cancers of
the vulva, the vagina, the penis, and the anus [91]. Therefore, the HPV vaccination is
an effective way to prevent these cancers. However, although the safety of the HPV
vaccine has been investigated, more people have been concerned about the safety of the
vaccine in recent years. Different adverse events following HPV vaccination have been
reported [35-37]. The cases of POTS following HPV vaccination have raised concerns.
Suspected adverse events after HPV vaccination include POTS, complex regional pain
syndrome, headache, chronic fatigue syndrome, and orthostatic intolerance [38].
Vaccine-triggered, immune-mediated autonomic dysfunction was suggested for
developing de novo post-HPV vaccination syndrome in genetically susceptible
individuals [36]. A significantly different adverse event rate for HPV vaccination
between the non-Hispanic White females and other race/ethnicity groups was found
[37]. A 23-year-old woman was diagnosed with myasthenia gravis following HPV
vaccination, presenting with binocular diplopia, dysarthria, ptosis, and dysphagia on
the 3rd day after the second HPV vaccine administration [92]. After treatment, all
symptoms had completely resolved at discharge. A 31-year-old female patient of
systemic lupus erythematosus (SLE) onset after HPV vaccination was reported, and 11
similar cases were reviewed [93]. Since the suggested age (9 to 26 years) for HPV
vaccination coincided with the age of high SLE incidence, the relationship between the
SLE incidence and HPV vaccine might not be excluded [93].

The above-mentioned adverse events (myasthenia gravis and SLE) are autoimmune
diseases as well as anti-NMDA receptor encephalitis. Most of the serious adverse events
of HPV vaccination might be autoimmune disorders. Therefore, it is important to
study how the immune system responds to vaccination, which can help understand the
pathology by which these adverse events occur. In addition, it is worth mentioning that
HPV can cause cancers, and anti-NMDA receptor encephalitis is associated with tumors.
Ovarian teratomas were the most commonly reported anti-NMDA receptor
encephalitis-associated tumor in females [94]. Testicular teratomas were reported to be
associated with anti-NMDA receptor encephalitis in males [11]. HPV might induce CC
and cancers of the vulva, the vagina, the penis, and the anus [95]. Both HPV and anti-
NMDA receptor encephalitis have been associated with tumors or cancers of the male
and female reproductive systems (Figure 5). This may shed light on investigating the
mechanism of the association between HPV vaccination and anti-NMDA receptor

encephalitis.
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Reproductive System Tumors or Cancers
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Anti-NMDA receptor
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and anti-NMDA receptor
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Figure 5. The involvement of reproductive system cancers or tumors may explain the

association between HPV and anti-NMDA receptor encephalitis

5. Conclusion
This research is motivated by several cases of HPV vaccination triggering anti-NMDA
receptor encephalitis reported in the literature. While vaccines, including the HPV
vaccine, do not directly cause autoimmune diseases, they may trigger an autoimmune
response or exacerbate existing autoimmune conditions in some individuals. The study
explores the relationship between HPV and anti-NMDA receptor encephalitis using
their miRNA biomarkers. This exploration aims to aid in understanding the underlying
mechanism of how these biomarkers might be involved in the development of anti-
NMDA receptor encephalitis following HPV vaccination. The results indicate that
miRNA biomarkers for HPV, anti-NMDA receptor encephalitis, and related vaccines
exhibit a relatively higher degree of similarity compared to overall miRNAs. The
finding suggests that even though the probability of HPV causing anti-NMDA receptor

encephalitis is limited, the potential association between anti-NMDA receptor
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encephalitis and HPV vaccination should not be disregarded. Therefore, for individuals
receiving HPV vaccination who develop psychiatric or neurological symptoms, a
diagnosis of anti-NMDA receptor encephalitis should be considered if other

complications are excluded.
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HNSCC: neck squamous cell carcinoma
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HSV: herpes simplex virus

JE: Japanese encephalitis

miRNA: microRNA

POTS: postural orthostatic tachycardia syndrome
SLE: systemic lupus erythematosus
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