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Abstract: MicroRNA (miRNA) is a small non-coding RNA that functions in the epigenetics control
of gene expression, which can be used as a useful biomarker for diseases. Anti-NMDA receptor
(anti-NMDAR) encephalitis is an acute autoimmune disorder. Some patients have been found to
have tumors, specifically teratomas. This disease occurs more often in females than in males. Most of
them have a significant recovery after tumor resection, which shows that the tumor may induce
anti-NMDAR encephalitis. In this study, I review microRNA (miRNA) biomarkers that are associated
with anti-NMDAR encephalitis and related tumors, respectively. To the best of my knowledge, there
has not been any research in the literature investigating the relationship between anti-NMDAR
encephalitis and tumors through their miRNA biomarkers. I adopt a phylogenetic analysis to plot the
phylogenetic trees of their miRNA biomarkers. From the analyzed results, it may be concluded that (i)
there is a relationship between these tumors and anti-NMDAR encephalitis, and (ii) this disease occurs
more often in females than in males. This sheds light on this issue through miRNA intervention.
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1. Introduction

Anti-NMDA receptor (anti-NMDAR) encephalitis, which was described and defined by
Dalmau and colleagues [1], is an acute disease caused by the body’s own antibodies attacking
N-methyl-D-aspartate (NMDA) receptors in the brain. Diagnosis is based on finding specific antibodies
in the cerebral spinal fluid. Psychiatric symptoms and neurological disturbances including memory
disturbances, seizures, dyskinesia, and catatonia develop during the progress of this disease. Due
to initial psychiatric symptoms, it is not easy to accurately diagnose this disease in an early stage.
Early treatment can lead to a good recovery outcome. The disease is more prevalent in women, and
about 37% of patients are younger than 18 years [2]. The cause of this disease is usually unknown.
Tumors, especially ovarian teratomas, have been detected in a proportion of patients [3,4]. Patients with
detectable tumors had significant improvement after tumor resection. The cause of this disease is often
unknown for most patients without detectable tumors. Vaccination may induce this disorder [5–7].
In addition, patients with herpes simplex encephalitis might produce antibodies against NMDA
receptors [8,9], and this disease might be induced by other viruses [10]. More updated discussion and
review of this disease including animal models are provided by the experts of this field [2].

Full recovery of this disease can take from several months to several years after disease onset.
Most patients with anti-NMDAR encephalitis respond to immunotherapy and the immunotherapies
used, timing of improvement, and long-term outcome have been studied [11]. The first-line of
immunotherapies for anti-NMDAR encephalitis include steroids, intravenous immunoglobulin (IVIG),
and plasma exchange (or plasmapheresis); the second-line of immunotherapies include rituximab
and cyclophosphamide. A treatment strategy using at least two of these therapies may lead to higher
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efficacy rates than treatment with only a single form of therapy [12]. Treatment efficacy may differ by
gender [13]. Patients with tumors are treated with tumor resection. Therefore, the treatment strategy
may be a potential factor in facilitating an early recovery from anti-NMDAR encephalitis. In addition,
a grading score predicting neurologic function one year after diagnosis of anti-NMDAR encephalitis
was constructed [14]. The functional status of 382 patients one year after diagnosis was studied, and
the factors associated with poor status were identified.

The underlying mechanism of the anti-NMDAR encephalitis is that the GluN1 subunit of the
NMDA receptors in the brain is targeted by autoantibodies [15]. This may be induced by cross-reactivity
with NMDA receptors in teratomas that contain brain cells. This finding suggests that tumors may
trigger the anti-NMDAR immune response [4]. The removal of an ovarian cystadenofibroma may lead
to a full resolution of this disease. The serum NMDAR antibodies of an adolescent female patient
disappeared after the removal of an ovarian cystadenofibroma [16]. A prompt neurological response
in a patient resulted from early removal of an ovarian teratoma followed by plasma exchange and
corticosteroids [17]. A patient had good recovery of consciousness after tumor removal [18]. In a
long-term follow-up in the absence of tumor resection in four Japanese women, the severity and
extended duration of symptoms supported tumor removal [19]. From these clinical data analyses,
strong evidence showed that good recovery was attained after tumor resection. More studies associating
anti-NMDAR encephalitis with ovarian teratomas are listed in Table 1.

In addition to ovarian teratomas, many cases show that other tumors may trigger the
anti-NMDAR immune response. Hepatic neuroendocrine carcinoma is associated with this disorder [20];
anti-NMDAR encephalitis is associated with a large-cell neuroendocrine carcinoma [21]; anti-NMDAR
encephalitis may be related to matter lesions [22,23]; an 18 year old female case was caused by a
large mature mediastinal teratoma [24]; a right anterior mediastinal mass with no adenopathy was
found in a female patient [25]; an anti-NMDAR encephalitis male patient had a testicular teratoma and
seminoma [26]; a case report showed the association between anti-NMDAR encephalitis and small cell
lung carcinoma [27]. More references to the associations between this disease and tumors are listed in
Table 1.

Anti-NMDAR encephalitis can also be induced by virus infection. Herpes simplex type 1
encephalitis (HSE) was reported to induce anti-NMDAR encephalitis in many cases. A portion of
children, after recovery from HSE encephalitis, developed anti-NMDAR encephalitis [8,28,29]. NMDA
receptor antibodies were identified in patients with relapsing post HSE [28]. Patients having a relapsing
course after HSE had elevated autoantibodies against the NMDA receptor [8].

In this paper, I focus on exploring the association between anti-NMDAR encephalitis and tumors.
To the best of my knowledge, there have not been any studies in the literature investigating this issue
through their microRNA (miRNA) biomarkers. I adopt a phylogenetic analysis to plot the phylogenetic
trees of their miRNA biomarkers. From the analyzed results, I conclude that there is a relationship
between anti-NMDAR encephalitis and a number of tumors. In addition, these phylogenetic trees can
explain the fact that this disease occurs more often in females than in males. This sheds light on this
issue through miRNA intervention.

This study was approved by the Research Ethics Committee for Human Subjects at National
Chiao Tung University, Taiwan. In this paper, I first review miRNA biomarkers for anti-NMDAR
encephalitis and tumors, and then I discuss the tumors related to anti-NMDAR encephalitis, which was
obtained by searching the literature. Finally, I adopt a phylogenetic analysis to analyze these miRNA
biomarkers. The phylogenetic analysis has been used to study miRNA functions in the literature. A
study showed that microarray analysis combined with the phylogenetic tree analysis can improve
the accuracy of miRNA biomarker prediction compared with a method based only on microarray
analysis [30]; the evolution of the two disease resistance-related miRNAs was inferred using the
phylogenetic analyses [31], and older miRNAs were significantly more likely to be associated with
disease than younger miRNAs from the phylogenetic analysis [32]. In addition, the phylogenetic tree
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has been used as a tool to analyze the relationship between vaccination and anti-NMDAR encephalitis
based on their miRNA biomarkers [5]. Thus, I apply phylogenetic analysis in this study.

In addition to miRNA biomarkers, other responsible factors for autoimmune diseases may be
used to explore the association between anti-NMDAR encephalitis and tumors in a future study. For
this disease, miRNA biomarkers have been used to investigate the association between anti-NMDAR
encephalitis and vaccination based on the phylogenetic tree analysis. The phylogenetic tree method
can increase the accuracy of tumor miRNA biomarker prediction. In addition, miRNA has been shown
to play a key role in tumor mechanisms. Thus, I focus here on miRNA biomarker research.

2. MicroRNA

Abnormal epigenetic changes have been demonstrated to be associated with human
diseases [33,34]. miRNA is a small non-coding RNA that functions in epigenetic control of gene
expression [35], and epigenetic mechanisms can also affect the expressions of miRNAs [36]. miRNAs
have been shown to be linked to cancer, and they play a role as either tumor-suppressor genes or
oncogenes in carcinogenesis. miRNA biomarkers for cancer have been explored [30,37,38]. In addition
to cancer, miRNAs are also associated with many other diseases such as neurodegenerative diseases,
hematological diseases, and autoimmune diseases [39–44].

2.1. Anti-NMDA Receptor Encephalitis and miRNAs

There are only a few studies investigating miRNA expression for anti-NMDAR encephalitis.
The miRNA let-7 family was demonstrated to be associated with anti-NMDAR encephalitis. Let-7
was one of the first miRNAs discovered in the nematode, which is complementary to elements in the
3’ untranslated regions of genes lin-14, lin-28, lin-41, lin-42, and daf-12. This indicates that let-7 may
directly control these genes [44].

Loss of function for let-7 has been observed in many human cancers, including lung, liver,
stomach, esophageal, colon, prostate, breast, and ovarian cancers [45–47]. Let-7 plays a role as a tumor
suppressor in cancer cells by targeting genes [48]. Let-7a, let-7b, let-7c, and let-7i have significantly
different expression levels in atretic porcine ovary follicles compared with healthy follicles [49], and
let-7e is associated with autoimmune encephalomyelitis [50].

Members of the let-7 family, including let-7a, let-7b, let-7d, and let-7f, were found to be
down-regulated in anti-NMDAR encephalitis compared with the controls [51]. The anti-NMDAR
encephalitis patients in that study were recruited at the prodromal phase and psychotic phase before
immunotherapy. Fresh blood samples were acquired from these patients and controls. The miRNAs
expression levels of five anti-NMDAR encephalitis plasma and five control plasma were quantitatively
tested using microarray analysis. Blood samples that were used for real-time quantitative polymerase
chain reaction (qRT-PCR) were obtained from anti-NMDAR encephalitis patients and controls (Figure 1).
In addition, blood samples from patients for other nervous system diseases were also compared using
qRT-PCR analysis. As a result, the expression levels of the three miRNAs, let-7a, let-7d, and let-7f, in
other nervous system diseases were significantly down-regulated compared with the normal control
group. Only let-7b did not have a significantly different expression level in other nervous system
diseases compared with the normal control group [51]. Thus, they concluded that microRNA let-7b
has the potential to be used as a biomarker for anti-NMDAR encephalitis.
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Figure 1. Let-7a, let-7b, let-7d, and let-7f were discovered to be miRNA biomarkers of
anti-NMDAR encephalitis.

The result of let-7 family association with the anti-NMDAR encephalitis has been used as a tool for
analyzing the relationship between this disease and vaccination. Wang [5] reported an anti-NMDAR
encephalitis case related to Japanese encephalitis (JE) vaccination and plotted phylogenetic trees of
miRNAs relating to anti-NMDAR encephalitis or vaccines by using the let-7 family as a biomarker
of anti-NMDAR encephalitis [5,52]. In addition to miRNA let-7b, the B-cell attracting C–X–C motif
chemokine 13 was discussed as a biomarker for anti-NMDAR encephalitis [5,53,54].

Another study used an in vitro model for exploring miRNA biomarkers. The dysregulation of
miRNA and mRNA expression in the in vitro anti-NMDAR encephalitis model was investigated [55].
Researchers incubated hippocampal neurons of rat pups with cerebrospinal fluid from four
anti-NMDAR encephalitis patients and four negative controls. Four miRNAs, including miR-139-3p,
miR-6216, miR-135a-3p, and miR-465-5, were identified to be differentially expressed in anti-NMDAR
encephalitis in the in vitro model.

Table 1. Tumors associated with anti-NMDAR encephalitis.

Tumor Anti-NMDAR
Encephalitis References miRNAs miRNA References

Ovarian teratoma [4,16–18,56–69]

miRNA-26b*, miRNA-421, miRNA-22,
miRNA-492, miRNA-555, miRNA-19a,

miRNA-34a, miRNA-620,
miRNA-142-3p, let-7a, miRNA-934,

miRNA-657, miRNA-720, miRNA-629,
miRNA-214

[70]

Dura mater lesions [22,23,71] - -

Neuroendocrine tumor [15,20,21,72–74]
miR-129-5p, let-7, miR-150-5p,

miR-29b-3p, miR-22-3p, miR-21-5p,
miR-103, miR-107, miRNA-196a

[75–80]

*Mediastinal teratoma [24,25,81,82] - -

Testis teratoma [26,83] let-7a, let-7d, miR-294, miR-371,
miR-372, miR-373 [84–86]

Small-cell lung cancer [27,74,83,87] let-7, miR-27a-5p, miR-34-5p, [88,89]

*Mediastinal teratoma from chest scan.
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2.2. Tumors Associated with Anti-NMDAR Encephalitis and miRNAs

A literature search was conducted for studies reporting tumors associated with anti-NMDAR
encephalitis. The references of these studies and miRNAs associated with these tumors are presented
in Table 1.

The literature review shows that many female anti-NMDAR encephalitis patients had ovarian
teratomas. The association between ovarian teratomas and miRNAs was discussed; miR-421, miR-555,
miR-492, and miR-26b* were highly expressed in mature ovarian teratoma tissues, whereas let-7a,
miR-19a, miR-34a, miR-620, miR-214, miR-142-3p, miR-934, miR-720, miR-22, miR-629, and miR-657
were less expressed compared with normal tissues [70]. In addition to ovarian teratomas, the let-7
family is related to ovarian cancer. For ovarian cancer, the copy number of let-7b and mature let-7b
expression had a positive correlation, and let-7b expression was shown to be related to ovarian tumor
growth both in vitro and in vivo [90]. Let-7 was associated with poor prognosis of ovarian cancer [91].
Low levels of let-7a-3 expression were associated with a poor prognosis in epithelial ovarian cancer [92].

Neuroendocrine tumors (NETs), which are neoplasms developed from neuroendocrine cells and
nervous systems, were found in anti-NMDAR encephalitis patients. miR-129-5p and the let-7 family
were down-regulated in NETs or neuroendocrine tumor metastases [75]; miR-29b-3p, miR-21-5p,
miR-150-5p, and miR-22-3p had different expression levels in NET cases and controls [76]. In pancreatic
NETs, an upregulation of miR-103 and miR-107 was identified [77]. miR-196a was detected in NETs and
poor prognosis in resected pancreatic NETs was associated with a high expression of miR-196a [78,79].

Testis teratomas are associated with anti-NMDAR encephalitis for male patients. In addition, the
let-7 family plays a role in the pathogenesis of testicular cancer [85]. Let-7a, let-7d, and miR-294 have
different expression levels in germ-line stem cells compared with multipotent adult germ-line stem
cells [84]. Estrogen receptors (ERα) have an essential role in male fertility, and mir-100 and let-7b may
target the ERα gene [93].

Several anti-NMDAR encephalitis cases were related to small-cell lung cancer. The expression of
let-7 was down-regulated in the human small-cell lung cancer (SCLC) cell line [88]. In addition, let-7 is
also closely related to non-small cell lung cancer (NSCLC). A study of 143 lung cancer cases showed
that patients with reduced let-7 expression had shorter survival [94]. The over-expression of cofilin-1
suppressed the growth and invasion of NSCLC cells in vitro. Let-7 is involved in over-expression of
cofilin-1 that can suppress the growth of NSCLC cells in vitro and in vivo [95].

3. Materials and Methods

3.1. miRNA Sequence

The first part of the analysis was to find miRNA biomarkers for anti-NMDAR encephalitis and the
related tumors, including ovarian teratoma, dura mater lesions, neuroendocrine tumor, mediastinal
teratoma, testis teratoma, and small-cell lung cancer. I searched the literature using the keywords
miRNA, anti-NMDAR encephalitis, teratoma, and tumor to find the related studies or case reports. The
miRNA biomarkers of these diseases are listed in Table 1. To apply the phylogenetic analysis method,
I first obtained the nucleotide sequences of these miRNAs from miRBase [96]. miRBase is a database of
microRNA sequences and annotations. The stem-loop sequences of miRNAs accessed from miRBase
were used to plot the trees because the stem-loop sequence can provide more information than the
mature -5p sequence and mature -3p sequence. As seen in Table 1, the sequence of miR-294, one of the
testis teratoma miRNA biomarkers, could not be found in miRBase, and thus, I did not include this
miRNA in the phylogenetic trees. In addition, since the let-7 family members are involved in most of
the tumors shown in Table 1, to find the relationship between anti-NMDAR encephalitis and these
tumors, I discussed let-7 additionally and did not include let-7 as a biomarker of these tumors in the
plotted phylogenetic trees.
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3.2. Phylogenetic Analysis

A phylogenetic analysis was adopted to investigate the association between these tumors and
anti-NMDAR encephalitis using the miRNA biomarkers listed in Table 1. The phylogenetic tree
is one of the most useful phylogenetic analysis tools that can be used to explore the evolutionary
relationship between nucleotide sequences. The phylogenetic tree of nucleotide sequences shows
the relationship among various nucleotide sequences based upon similarities and differences of their
genetic characteristics. The similarities of two nucleotide sequences can be measured using different
substitution models [97,98].

To plot the phylogenetic tree of miRNAs, I used the bioinformatics toolbox of the MATLAB
software [99]. Using this software, I first needed to select a substitution model (distance method) to
calculate the pairwise distances between any pair of these nucleotide sequences and then choose a
clustering method to plot the phylogenetic trees. The substitution model for calculating the sequence
distance in the MATLAB software includes the p-distance, Jukes–Cantor distance, and alignment-score
distance; the clustering method in the MATLAB software used to build the tree includes the median
method, the single method, and the average method. The MATLAB code for performing the first
step is “seqpdist,” and the code for performing the second step is “seqlinkage.” An example code of
plotting a phylogenetic tree of three miRNAs is provided in the Supplementary Materials file.

In this paper, I used the Jukes–Cantor distance (or the alignment-score distance, p distance) to
calculate the distances and the median method (or the average method) as the clustering method to
build the trees.

4. Results

Table 1 shows the references that reported anti-NMDAR encephalitis related to ovarian teratoma,
dura mater lesions, neuroendocrine tumor, mediastinal teratoma, testis teratoma, and small-cell lung
cancer. It also shows the references for the miRNA biomarkers of these tumors except for the dura mater
lesions and mediastinal teratoma. I did not find any miRNA biomarkers for dura mater lesions and
mediastinal teratoma. As seen in Table 1, the let-7 family involves four types of tumors. As mentioned
in the Introduction, let-7a, let-7b, let-7d, and let-7f can be potential biomarkers of anti-NMDAR
encephalitis. Thus, based on the fact that this disease and the four types of tumors have the common
let-7 biomarker, it may be concluded that this disease is related to these four types of tumors from their
miRNA biomarkers. This result coincides with the reported cases that anti-NMDAR encephalitis is
associated with these tumors.

To explore more mechanisms linking this disease to tumors, the phylogenetic trees were plotted
using the miRNA biomarkers listed in Table 1. Figure 2a presents the phylogenetic trees that were
plotted using the Jukes–Cantor model distance and the average method; Figure 2b presents the
phylogenetic trees that were plotted using the Jukes–Cantor model distance and the median method.
Figure 3a presents the phylogenetic trees that were plotted using the alignment-score distance and the
average method; Figure 3b presents the phylogenetic trees that were plotted using the alignment-score
distance and the median method. Figure 4a presents the phylogenetic trees that were plotted using the
p distance and the average method; Figure 4b presents the phylogenetic trees that were plotted using
the p distance and the median method.



Biomolecules 2019, 9, 572 7 of 16

Biomolecules 2019, 9, 572 7 of 15 

 

 

 

Figure 2. (a) The phylogenetic tree of miRNAs shown in Table 1 based on the Jukes–Cantor model 
distance and the average method. (b) The phylogenetic tree of miRNAs shown in Table 1 based on 
the Jukes–Cantor model distance and the median method. 

Figure 2. (a) The phylogenetic tree of miRNAs shown in Table 1 based on the Jukes–Cantor model
distance and the average method. (b) The phylogenetic tree of miRNAs shown in Table 1 based on the
Jukes–Cantor model distance and the median method.



Biomolecules 2019, 9, 572 8 of 16

Biomolecules 2019, 9, 572 8 of 15 

 

 
Figure 3. (a) The phylogenetic tree of miRNAs shown in Table 1 based on the alignment-score distance 
and the average method. (b) The phylogenetic tree of miRNAs shown in Table 1 based on the 
alignment-score distance and the median method. 

Figure 3. (a) The phylogenetic tree of miRNAs shown in Table 1 based on the alignment-score
distance and the average method. (b) The phylogenetic tree of miRNAs shown in Table 1 based on the
alignment-score distance and the median method.
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Figure 4. (a) The phylogenetic tree of miRNAs in shown Table 1 based on the p distance and the
average method. (b) The phylogenetic tree of miRNAs shown in Table 1 based on the p distance and
the median method.

As seen in Figures 2–4, the three testis teratoma biomarkers, miR-371, miR-372, miR-373, were not
as close to the let-7 family as other tumors. Especially, as seen in Figure 3, these three miRNAs and
let-7 were significantly separated into two branches. Since I adopted different evolutionary models
and clustering methods to produce these figures, all of them show similar results. Based on the finding
that testis teratoma biomarkers are not as close to let-7 as ovarian teratoma biomarkers, I may conclude
that there is a gender difference in the prevalence of this disease. This coincides with the fact that
anti-NMDAR encephalitis occurs more often in females than in males.
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For the other three types of tumors, namely ovarian teratomas, neuroendocrine tumor, and
small-cell lung cancer, as seen in Figures 2–4, a number of their miRNA biomarkers are close to the
let-7 family for each of them. This reveals that these three types of tumors are related to anti-NMDAR
encephalitis through their miRNA biomarker phylogenetic analysis. In addition, although the three
testis teratoma biomarkers are not as close to the let-7 family as the other types of tumors, they are not
always in the farthest branch of the let-7 family in these figures. Therefore, from this phylogenetic
analysis, these miRNA biomarkers cannot be excluded as being related to the let-7 family.

5. Discussion

There are many case reports revealing that anti-NMDAR encephalitis is associated with tumors,
especially ovarian teratomas. In this study, I investigated their relationship using the phylogenetic trees
of their miRNA biomarkers. As mentioned in the Results section, the ovarian teratoma, neuroendocrine
tumor, testis teratoma, and small-cell lung cancer have let-7 family members as their biomarkers,
as well as the anti-NMDAR encephalitis. Let-7 is involved in at least 15% of all human cancers,
including lung, breast, liver, esophageal, stomach, ovarian, prostate, and colon cancers, as well as
neuroblastoma and chronic lymphocytic leukemia [45–48]. As a result, if we use the let-7 family
as biomarkers of anti-NMDAR encephalitis to investigate the relationship between anti-NMDAR
encephalitis and tumors, then it is not surprising that this disease is highly related to many tumors.
In addition, identifying more prognostic biomarkers and developing efficient treatments are the two
most important issues in future studies [2].

Several members of the let-7 family, including let-7a, let-7b, let-7d, and let-7f, are related to
anti-NMDAR encephalitis. However, some of these miRNAs are also associated with ovarian
teratomas, neuroendocrine tumor, testis teratomas, and small-cell lung cancer, as seen in Table 1.
Therefore, they could also be biological biomarkers of these tumors, since among these four miRNAs,
only let-7b has no significantly different expression between other nervous system diseases and normal
control. Thus, let-7b could be a potential biomarker of anti-NMDAR encephalitis [51]. However, more
studies comparing the expression level of let-7b in patients with tumor and in patients without tumor
are essential to assert that the expression level of let-7b can be identified as a biomarker of anti-NMDAR
encephalitis but is not affected by the tumors of patients.

In addition to discussing the gender difference in the prevalence of anti-NMDAR encephalitis
from the phylogenetic tree analysis, a number of studies discussed gender difference in the treatment
strategy of this disease. The data of 94 patients were analyzed and the result showed that female
patients had a higher efficacy rate than male patients [12]. In the comparison of the two treatments,
IVIG and plasma exchange (or plasmapheresis), the female patients receiving IVIG had a higher efficacy
rate than male patients. On the contrary, the efficacy rate of the plasmapheresis (or plasma exchange)
was not inferior to IVIG for male patients [13]. The results of these studies may suggest the need to
explore the mechanism of this disease’s underlying gender difference.

6. Conclusions

Anti-NMDAR encephalitis is an autoimmune disease. Although there are several types
of immunotherapies, including steroids, intravenous immunoglobulin, plasma exchange (or
plasmapheresis), rituximab, and cyclophosphamide, tumor resection is a more effective treatment
than other immunotherapies when a tumor is detected in a patient [94]. This reveals that there is a
close relationship between the tumor and anti-NMDAR encephalitis. The let-7 family is a miRNA
biomarker of the tumors related to anti-NMDAR encephalitis. In addition, the expression of let-7 is also
altered in anti-NMDAR encephalitis patients compared with healthy individuals. As a result, it may be
unclear whether the altered expression level of the let-7 family is caused by the tumor or anti-NMDAR
encephalitis. Thus, although let-7b could be a potential serum biomarker for anti-NMDAR encephalitis,
more experiments comparing both anti-NMDAR encephalitis patients with tumor and patients without
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tumor are needed to clarify whether the altered expression level of let-7b is due to this disease or the
tumor associated with this disease.

In addition, from these phylogenetic trees, the testis teratoma biomarkers are not as close to the
anti-NMDAR encephalitis biomarker as are other tumors. Thus, from these results, by comparing the
testis teratoma biomarkers and ovarian teratoma biomarkers, it may be concluded that ovarian teratomas
have a higher chance of inducing anti-NMDAR encephalitis than testis teratomas. This coincides with
the fact that anti-NMDAR encephalitis occurs more often in females than in males.

Supplementary Materials: The supplementary materials are available online http://www.mdpi.com/2218-273X/9/
10/572/s1.
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Tüzün, E.; Gürvit, H. NMDA receptor encephalitis with cancer of unknown primary origin. Tumori J. 2016,
102 (Suppl. 2), S3–S4.

75. Døssing, K.B.; Binderup, T.; Kaczkowski, B.; Jacobsen, A.; Rossing, M.; Winther, O.; Federspiel, B.; Knigge, U.;
Kjær, A.; Friis-Hansen, L. Down-regulation of miR-129-5p and the let-7 family in neuroendocrine tumors
and metastases leads to up-regulation of their targets Egr1, G3bp1, Hmga2 and Bach1. Genes 2014, 6, 1–21.
[CrossRef] [PubMed]

76. Bowden, M.; Zhou, C.W.; Zhang, S.; Brais, L.; Rossi, A.; Naudin, L.; Thiagalingam, A.; Sicinska, E.; Kulke, M.H.
Profiling of metastatic small intestine neuroendocrine tumors reveals characteristic miRNAs detectable in
plasma. Oncotarget 2017, 8, 54331–54344. [CrossRef] [PubMed]

http://dx.doi.org/10.1001/archneurol.2009.317
http://dx.doi.org/10.1016/j.pediatrneurol.2013.11.001
http://dx.doi.org/10.1007/s00431-013-2042-3
http://dx.doi.org/10.1007/s10072-013-1511-9
http://dx.doi.org/10.2169/internalmedicine.51.8215
http://www.ncbi.nlm.nih.gov/pubmed/23037476
http://dx.doi.org/10.1111/j.1600-0412.2011.01365.x
http://www.ncbi.nlm.nih.gov/pubmed/22390222
http://dx.doi.org/10.1111/j.1447-0756.2011.01671.x
http://www.ncbi.nlm.nih.gov/pubmed/21995685
http://dx.doi.org/10.1016/j.ijgo.2011.07.028
http://www.ncbi.nlm.nih.gov/pubmed/21945049
http://dx.doi.org/10.1016/j.ajog.2011.05.008
http://dx.doi.org/10.1007/s00247-011-2111-6
http://dx.doi.org/10.1007/s00415-011-5982-4
http://dx.doi.org/10.1542/peds.2010-2080
http://dx.doi.org/10.3892/ol.2011.438
http://dx.doi.org/10.1177/1971400915609333
http://www.ncbi.nlm.nih.gov/pubmed/26613928
http://dx.doi.org/10.5692/clinicalneurol.52.979
http://dx.doi.org/10.1212/NXI.0000000000000250
http://www.ncbi.nlm.nih.gov/pubmed/27354987
http://dx.doi.org/10.3390/genes6010001
http://www.ncbi.nlm.nih.gov/pubmed/25546138
http://dx.doi.org/10.18632/oncotarget.16908
http://www.ncbi.nlm.nih.gov/pubmed/28903345


Biomolecules 2019, 9, 572 15 of 16

77. Roldo, C.; Missiaglia, E.; Hagan, J.P.; Falconi, M.; Capelli, P.; Bersani, S.; Calin, G.A.; Volinia, S.; Liu, C.G.;
Scarpa, A.; et al. MicroRNA expression abnormalities in pancreatic endocrine and acinar tumors are
associated with distinctive pathologic features and clinical behavior. J. Clin. Oncol. Off. J. Am. Soc. Clin.
Oncol. 2006, 24, 4677–4684. [CrossRef]

78. Lee, Y.S.; Kim, H.; Kim, H.W.; Lee, J.-C.; Paik, K.-H.; Kang, J.; Kim, J.; Yoon, Y.-S.; Han, H.-S.; Sohn, I.
High expression of microRNA-196a indicates poor prognosis in resected pancreatic neuroendocrine tumor.
Medicine 2015, 94, e2224. [CrossRef]

79. Li, S.C.; Shi, H.; Khan, M.; Caplin, M.; Meyer, T.; Oberg, K.; Giandomenico, V. Roles of miR-196a on gene
regulation of neuroendocrine tumor cells. Mol. Cell. Endocrinol. 2015, 412, 131–139. [CrossRef]

80. Li, S.C.; Khan, M.; Caplin, M.; Meyer, T.; Oberg, K.; Giandomenico, V. Somatostatin Analogs Treated Small
Intestinal Neuroendocrine Tumor Patients Circulating MicroRNAs. PLoS ONE 2015, 10, e0125553. [CrossRef]

81. Sommeling, C.; Santens, P. Anti-N-methyl-D-aspartate (anti-NMDA) receptor antibody encephalitis in a
male adolescent with a large mediastinal teratoma. J. Child Neurol. 2014, 29, 688–690. [CrossRef] [PubMed]

82. Kawahara, K.; Miyawaki, M.; Anami, K.; Moroga, T.; Yamamoto, S.; Tokuishi, K.; Yamashita, S.; Kumamoto, T.
A patient with mediastinal mature teratoma presenting with paraneoplastic limbic encephalitis. J. Thorac.
Oncol. Off. Publ. Int. Assoc. Study Lung Cancer 2012, 7, 258–259. [CrossRef] [PubMed]

83. Dalmau, J.; Gleichman, A.J.; Hughes, E.G.; Rossi, J.E.; Peng, X.; Lai, M.; Dessain, S.K.; Rosenfeld, M.R.;
Balice-Gordon, R.; Lynch, D.R. Anti-NMDA-receptor encephalitis: Case series and analysis of the effects of
antibodies. Lancet Neurol. 2008, 7, 1091–1098. [CrossRef]

84. Jung, Y.H.; Gupta, M.K.; Shin, J.Y.; Uhm, S.J.; Lee, H.T. MicroRNA signature in testes-derived male germ-line
stem cells. Mol. Hum. Reprod. 2010, 16, 804–810. [CrossRef] [PubMed]

85. Buchold, G.M.; Coarfa, C.; Kim, J.; Milosavljevic, A.; Gunaratne, P.H.; Matzuk, M.M. Analysis of microRNA
expression in the prepubertal testis. PLoS ONE 2010, 5, e15317. [CrossRef] [PubMed]

86. Looijenga, L.H.; Gillis, A.J.; Stoop, H.; Hersmus, R.; Oosterhuis, J.W. Relevance of microRNAs in normal and
malignant development, including human testicular germ cell tumours. Int. J. Androl. 2007, 30, 304–314;
discussion 314-5. [CrossRef] [PubMed]

87. Boangher, S.; Mespouille, P.; Filip, C.M.; Goffette, S. Small-Cell Lung Cancer with Positive Anti-NMDAR and
Anti-AMPAR Antibodies Paraneoplastic Limbic Encephalitis. Case Rep. Neurol. Med. 2016, 2016, 3263718.
[CrossRef]

88. Pan, L.; Gong, Z.; Zhong, Z.; Dong, Z.; Liu, Q.; Le, Y.; Guo, J. Lin-28 reactivation is required for let-7 repression
and proliferation in human small cell lung cancer cells. Mol. Cell. Biochem. 2011, 355, 257–263. [CrossRef]

89. Mizuno, K.; Mataki, H.; Arai, T.; Okato, A.; Kamikawaji, K.; Kumamoto, T.; Hiraki, T.; Hatanaka, K.; Inoue, H.;
Seki, N. The microrna expression signature of small cell lung cancer: Tumor suppressors of mir-27a-5p and
mir-34b-3p and their targeted oncogenes. J. Hum. Genet. 2017, 62, 671. [CrossRef]

90. Wang, Y.; Hu, X.; Greshock, J.; Shen, L.; Yang, X.; Shao, Z.; Liang, S.; Tanyi, J.L.; Sood, A.K.; Zhang, L.
Genomic DNA copy-number alterations of the let-7 family in human cancers. PLoS ONE 2012, 7, e44399.
[CrossRef]

91. Zaman, M.S.; Maher, D.M.; Khan, S.; Jaggi, M.; Chauhan, S.C. Current status and implications of microRNAs
in ovarian cancer diagnosis and therapy. J. Ovarian Res. 2012, 5, 44. [CrossRef] [PubMed]

92. Lu, L.; Katsaros, D.; de la Longrais, I.A.R.; Sochirca, O.; Yu, H. Hypermethylation of let-7a-3 in epithelial
ovarian cancer is associated with low insulin-like growth factor-II expression and favorable prognosis. Cancer
Res. 2007, 67, 10117–10122. [CrossRef] [PubMed]

93. Abhari, A.; Zarghami, N.; Shahnazi, V.; Barzegar, A.; Farzadi, L.; Karami, H.; Zununi Vahed, S.; Nouri, M.
Significance of microRNA targeted estrogen receptor in male fertility. Iran. J. Basic Med. Sci. 2014, 17, 81–86.

94. Takamizawa, J.; Konishi, H.; Yanagisawa, K.; Tomida, S.; Osada, H.; Endoh, H.; Harano, T.; Yatabe, Y.;
Nagino, M.; Nimura, Y. Reduced expression of the let-7 microRNAs in human lung cancers in association
with shortened postoperative survival. Cancer Res. 2004, 64, 3753–3756. [CrossRef] [PubMed]

95. Tsai, C.-H.; Lin, L.-T.; Wang, C.-Y.; Chiu, Y.-W.; Chou, Y.-T.; Chiu, S.-J.; Wang, H.-E.; Liu, R.-S.; Wu, C.-Y.;
Chan, P.-C. Over-expression of cofilin-1 suppressed growth and invasion of cancer cells is associated with
up-regulation of let-7 microRNA. Biochim. Biophys. Acta Mol. Basis Dis. 2015, 1852, 851–861. [CrossRef]

96. Kozomara, A.; Griffiths-Jones, S. miRBase: Annotating high confidence microRNAs using deep sequencing
data. Nucleic Acids Res. 2013, 42, D68–D73. [CrossRef] [PubMed]

http://dx.doi.org/10.1200/JCO.2005.05.5194
http://dx.doi.org/10.1097/MD.0000000000002224
http://dx.doi.org/10.1016/j.mce.2015.06.003
http://dx.doi.org/10.1371/journal.pone.0125553
http://dx.doi.org/10.1177/0883073813520499
http://www.ncbi.nlm.nih.gov/pubmed/24563471
http://dx.doi.org/10.1097/JTO.0b013e318236eade
http://www.ncbi.nlm.nih.gov/pubmed/22173664
http://dx.doi.org/10.1016/S1474-4422(08)70224-2
http://dx.doi.org/10.1093/molehr/gaq058
http://www.ncbi.nlm.nih.gov/pubmed/20610616
http://dx.doi.org/10.1371/journal.pone.0015317
http://www.ncbi.nlm.nih.gov/pubmed/21206922
http://dx.doi.org/10.1111/j.1365-2605.2007.00765.x
http://www.ncbi.nlm.nih.gov/pubmed/17573854
http://dx.doi.org/10.1155/2016/3263718
http://dx.doi.org/10.1007/s11010-011-0862-x
http://dx.doi.org/10.1038/jhg.2017.27
http://dx.doi.org/10.1371/journal.pone.0044399
http://dx.doi.org/10.1186/1757-2215-5-44
http://www.ncbi.nlm.nih.gov/pubmed/23237306
http://dx.doi.org/10.1158/0008-5472.CAN-07-2544
http://www.ncbi.nlm.nih.gov/pubmed/17974952
http://dx.doi.org/10.1158/0008-5472.CAN-04-0637
http://www.ncbi.nlm.nih.gov/pubmed/15172979
http://dx.doi.org/10.1016/j.bbadis.2015.01.007
http://dx.doi.org/10.1093/nar/gkt1181
http://www.ncbi.nlm.nih.gov/pubmed/24275495


Biomolecules 2019, 9, 572 16 of 16

97. Wang, H. Confidence intervals for the substitution number in the nucleotide substitution models.
Mol. Phylogenet. Evol. 2011, 60, 472–479. [CrossRef]

98. Wang, H.; Tzeng, Y.-H.; Li, W.-H. Improved variance estimators for one-and two-parameter models of
nucleotide substitution. J. Theor. Biol. 2008, 254, 164–167. [CrossRef]

99. Mathworks, I. MATLAB: R2014a; Mathworks Inc.: Natick, MA, USA, 2014.

© 2019 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.ympev.2011.05.013
http://dx.doi.org/10.1016/j.jtbi.2008.04.034
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	MicroRNA 
	Anti-NMDA Receptor Encephalitis and miRNAs 
	Tumors Associated with Anti-NMDAR Encephalitis and miRNAs 

	Materials and Methods 
	miRNA Sequence 
	Phylogenetic Analysis 

	Results 
	Discussion 
	Conclusions 
	References

