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Background: Increasing evidence indicates an association between the incidence
of Alzheimer’s disease (AD) and cancer development. Despite advances being made
by comparisons from epidemiological studies, common pathways and molecular
mechanisms, little is known about the identities of the circular RNAs (circRNAs) involved
in the development and progression of these two pathologies and their possible
correlations. The aim of this study was to explore the circRNA relationship between
AD and cancer.

Materials and Methods: In this investigation, circRNAs that were significantly
dysregulated in AD or associated with AD diagnosis, clinical dementia severity, and
neuropathological severity, were examined in a large panel of 28 cancer types. On the
basis of shared abnormal circRNAs in AD and cancers, we constructed a circRNA-micro
RNA (miRNA)-messenger RNA (mRNA) network by leveraging experimentally identified
miRNA-circRNA and miRNA-mRNA interactions from crosslinking-immunoprecipitation
sequencing data.

Results: An inverse correlation of expression pattern was found in acute myeloid
leukemia, juvenile myelomonocytic leukemia, renal cell carcinoma, and myelofibrosis.
CircRNAs associated with AD diagnosis and clinical severity demonstrated negative
correlation in more cancer types. Notably, differentially expressed candidate
circRNAs in temporal lobe epilepsy were not associated with any cancers. Gene
Ontology and KEGG pathway analysis suggested the circRNA-regulated genes are
significantly associated with interleukin-12-mediated signaling and viral response.
CircPICALM,circRTN4 and circMAN2A1 are the hub nodes in the circRNA-miRNA-
target network.

Conclusion: Our results indicated the relevance of inflammation signaling as a common
pathogenesis shared by cancer and AD and provided novel insight for therapeutics
targeting circRNAs.

Keywords: circRNA, cancer, Alzheimer’s disease, inflammation, systems biology

Abbreviations: ACC, adrenocortical carcinoma; ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; BLCA,
bladder urothelial carcinoma; BRCA, breast invasive ductal carcinoma; CHOL, intrahepatic cholangiocarcinoma; COLO,
rectal adenocarcinoma; ESCA, esophageal adenocarcinoma; GBM, glioblastoma multiforme; HCC, hepatocellular carcinoma;
HNSC, head and neck squamous cell carcinoma; JMML, juvenile myelomonocytic leukemia; KDNY, renal cell carcinoma;
LUNG, lung adenocarcinoma; MBL, medulloblastoma; MM, multiple_myeloma; MPN, myelofibrosis; NHL, non-hodgkin
lymphoma; NRBL, neuroblastoma; OV, ovarian serous adenocarcinoma; PAAD, pancreatic adenocarcinoma; PRAD, prostate
adenocarcinoma; RHABDO, rhabdomyosarcoma; SARC, sarcoma; SECR, adenoid cystic carcinoma; SKCM, skin cutaneous
melanoma; STAD, stomach adenocarcinoma; THCA, thyroid carcinoma.
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INTRODUCTION

Alzheimer’s disease (AD) is a chronic progressive
neurodegenerative disease that affects millions of people
worldwide (Lane et al., 2018). Accumulating evidence suggests
a biological link between cancer and AD neuropathology
(Snyder et al., 2017). Both are age-associated diseases; although
one is degenerative and other is over-proliferative, the risks
of both increase significantly with age (Childs et al., 2015;
Xia et al., 2018). Furthermore, both diseases are complex and
heterogeneous, which greatly challenges accurate diagnosis
and efficient treatment (Dagogo-Jack and Shaw, 2018; Nikolac
Perkovic and Pivac, 2019). Several epidemiological investigations
and meta-analyses suggested a possible inverse relationship
between the incidences of these pathologies (Musicco et al.,
2013; Zhang et al., 2015). Consistent with this observation,
AD is associated with increased cellular death and decreased
proliferative signaling, whereas uncontrolled proliferation and
apoptosis inhibition are the hallmarks in cancers (Hanahan and
Weinberg, 2011; Nudelman et al., 2019). Therefore, AD and
cancer may potentially share some regulatory factors, but with
opposite regulation direction. In addition, Feng et al. (2017)
detected significant genetic correlations between AD and certain
types of cancer from genome-wide association study datasets,
which indicates the presence of shared genetic variants and
disease mechanisms.

Supporting evidence also emerged from molecular studies.
For example, several systemic reviews proposed sets of protein-
coding genes and mechanistic links among them that play an
important role in both cancer and AD (Shafi, 2016; Snyder
et al., 2017). Holohan et al., reviewed the functional microRNAs
(miRNAs) in both diseases and identified eight (miR-9,-29a/b,-
101,-107,-125b,-146a,-153,and-195) that interconnect the two
conditions (Holohan et al., 2012). Recently, Battaglia et al. (2019)
integrated text mining resources, protein-protein interactions,
and gene-miRNA interactions to reveal the complex regulatory
mechanisms of gene expression in AD and cancer.

Circular RNA (circRNA) is a circular form of the non-coding
RNA family that has been widely implicated in neurodegenerative
disorders, cardiovascular diseases, and carcinogenesis (Aufiero
et al., 2019; Dube et al., 2019; Zhao et al., 2019). For example, we
recently reported that circTADA2A can act as a miRNA decoy,
thus affecting its effector SOCS3 to suppress cell migration,
invasion, and clonogenicity in breast cancer (Xu et al., 2019).
Another study found that one highly represented circRNA in
the human brain (CDR1as) mutually interacted with miRNAs
such as miRNA-7 and miRNA-671, to establish a sophisticated
regulatory network (Kleaveland et al., 2018). Interestingly, mice
without the CDR1as locus displayed neuropsychiatric disorder-
like symptoms (Piwecka et al., 2017).

Although circRNA is intimately connected with both AD and
cancers, there have been few studies on circRNA expression
until now. Recent large-scale circRNA deep sequencing studies
in AD and a variety of cancers provide strong data to
rigorously assess their relationship. Here, we developed a
quantitative approach to inspect the expression patterns of
the AD-associated circRNAs in 28 cancer types. Temporal

lobe epilepsy (TLE) is another common chronic neurological
disorder and was examined for comparison. In order to
deeply understand the biological mechanisms, we constructed
a circRNA-miRNA-target network to identify common changed
pathologies underlying AD and cancer.

MATERIALS AND METHODS

RNA-Seq Data
Cancer circRNA sequencing data was downloaded from the
MiOncoCirc project, which characterized circRNAs expression
across > 2,000 tumor tissues (Vo et al., 2019). CircRNA reads
of control tissue and multiple cancer tissues were used for
differential expression analysis. Cortical circRNA expression
datasets from the Knight Alzheimer Disease Research Center
(Knight ADRC) and the independent Mount Sinai Brain Bank
(MSBB) were generated from individuals with and without AD
and used in this study (Wang et al., 2018; Dube et al., 2019). TLE-
associated circRNA datasets termed TLE1 and TLE2 were from Li
et al. (2018) and Mills et al. (2020), respecttively.

Correlation Analysis
CircRNAs that are differentially expressed in neuropathological
AD case–control, or correlated with two clinical traits: Braak
score and Clinical Dementia Rating (CDR) were adopted from
the above-mentioned AD datasets, respectively. Similarly, the
corresponding log2 fold change (Log2FC) values were derived
from the two TLE datasets. For the MiOncoCirc cancer dataset,
we filtered the cancer samples with a minimum of 5 tumor
samples and combined them with 25 normal controls to
form 28 comparison groups corresponding to different cancer
types (Supplementary Table 1). Log2FC for each circRNA was
computed by DESeq2 software with the same parameters used
for AD and TLE analysis (Love et al., 2014). Finally, Spearman’s
correlation tests were performed to identify associations between
AD and each types of different cancer based on log2 FC. Similar
correlations were also calculated for TLE-associated circRNAs
with cancer data.

Construction of circRNA-miRNA-Target
Network
Seventeen circRNAs that were significantly associated with all
the three AD traits such as Braak score, CDR and differential
expressed were included in the follow-up analysis. To identify
mRNAs potentially regulated by circRNAs through miRNAs, the
ENCORI Argonaut (AGO)-crosslinking-immunoprecipitation
sequencing data (CLIP-seq) database was queried (Li et al.,
2014).ENCORI is an open-source platform for studying the
miRNA-ncRNA and miRNA-mRNA interactions from CLIP-
seq, degradome-seq, and RNA-RNA interactome data. Using
curl commands to access ENCORI API, the miRNA-mRNA
and miRNA-mRNA interaction data were collected. For the
reliability of the circRNA-miRNA-target network, a CLIP-seq
experimental evidence > 1 threshold was used to filter out
spurious interactions.
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Gene Ontology (GO) Enrichment Analysis
and Network Analysis
The Python package gseapy was applied on mRNAs regulated by
17 circRNAs for identifying GO biological processes and KEGG
pathways1. GO and KEGG enrichment analysis results were
plotted with R package ggplot22. Gene annotated in interleukin
(IL)-12 signaling pathway and viral process, together with the
associated miRNAs and circRNAs are used to construct the
circRNA-miRNA-mRNA interaction network. This network was
plotted with Cytoscape (Shannon et al., 2003). To assess the
centrality of each node in this network, four global parameters
(Closeness, Betweenness, Stress and BottleNeck) and one
local parameter (Degree), were computed in Cytoscape plugin
cytoHubba. For the definitions and methods to compute these
network topological scores, please refer to (Chin et al., 2014).

1https://github.com/zqfang/GSEApy
2https://ggplot2.tidyverse.org/reference/

RESULTS

circRNA Expression Is Inversely
Correlated Between AD and Some
Cancers
Dube et al. (2019) previously conducted a cortical circRNA
expression survey in 83 AD patients and 13 healthy controls.
Using the RNA-seq dataset (Knight ADRC), they identified a set
of differentially expressed circRNAs (Dube et al., 2019). They
also used the same methods to analyze published, independent
RNA-seq data (MSBB) on AD and non-AD groups (Wang
et al., 2018). As presented in Supplementary Table 2, 39
and 75 differentially expressed circRNAs were identified from
the Knight ADRC and MSBB datasets. For Knight ADRC
data, comparing their expression pattern with that in cancer
datasets indicated inverse correlations with nine cancer subtypes
(Table 1). These correlations were confirmed in acute myeloid
leukemia (AML), juvenile myelomonocytic leukemia (JMML),
renal cell carcinoma (KDNY), and myelofibrosis (MPN) datasets

TABLE 1 | CircRNA expression patterns are negatively correlated in AD and some cancers.

DE Braak CDR

Knight ADRC MSBB Knight ADRC MSBB Knight ADRC MSBB

Cancers Estimate P value Estimate P value Estimate P value Estimate P value Estimate P value Estimate P value

ACC −0.225273 0.0519903 −0.066543 0.5705564 −0.199615 0.2653898 −0.268326 0.1310879 −0.092605 0.2629497 −0.129187 0.1176137

ALL −0.199848 0.085605 −0.259926 0.0243174 −0.397473 0.0219894 −0.456558 0.0075687 −0.215512 0.008524 −0.275662 0.0006961

AML −0.33049 0.0037807 −0.338196 0.0030009 −0.518665 0.0019856 −0.581821 0.000383 −0.201089 0.0142579 −0.289843 0.0003526

BLCA −0.255835 0.026733 −0.21063 0.0696957 −0.446733 0.0091544 −0.542316 0.0011131 −0.155722 0.0587686 −0.197543 0.0161019

BRCA −0.087745 0.4541144 0.0039277 0.9733207 −0.416772 0.0158308 −0.380125 0.0291017 −0.101739 0.218542 −0.131699 0.110586

CHOL −0.199522 0.0861271 −0.122208 0.296255 −0.459955 0.0070779 −0.534761 0.0013452 −0.182256 0.0266203 −0.19777 0.0159776

COLO −0.198695 0.0874631 −0.071965 0.5395021 −0.373871 0.0320873 −0.395437 0.0227411 −0.180297 0.0283207 −0.226406 0.0056572

ESCA −0.204301 0.0787172 −0.158161 0.1753348 −0.555324 0.0007948 −0.509954 0.0024322 −0.222679 0.0065226 −0.232793 0.0044096

GBM −0.012009 0.9185553 0.1165647 0.3192867 −0.059843 0.7407867 0.0460084 0.7993089 0.0112692 0.891871 0.0362385 0.6619188

HCC −0.246503 0.0330115 −0.184895 0.1122701 −0.305742 0.0835696 −0.266647 0.1336097 −0.245442 0.0026407 −0.233422 0.0043014

HNSC −0.226084 0.0511289 −0.162687 0.1631501 −0.466438 0.0062163 −0.478386 0.0048618 −0.168939 0.0401126 −0.214031 0.0089997

JMML −0.264209 0.0219894 −0.329666 0.0038739 −0.39836 0.0216682 −0.445102 0.009443 −0.215284 0.0085958 −0.263019 0.0012392

KDNY −0.342556 0.0026265 −0.298392 0.0093149 −0.461417 0.0068753 −0.54572 0.0010205 −0.225736 0.0058047 −0.28299 0.0004921

LUNG −0.242063 0.0364082 −0.135022 0.2480971 −0.453549 0.0080273 −0.496185 0.0033165 −0.116538 0.1583827 −0.180323 0.0282974

MBL −0.079094 0.4999764 −0.046336 0.6930273 −0.186893 0.2976735 −0.193773 0.2799198 −0.033543 0.685685 −0.029745 0.7196888

MM −0.098501 0.4004802 −0.283962 0.0135518 −0.235669 0.1867353 −0.455008 0.007802 −0.111206 0.1784349 −0.141828 0.0855252

MPN −0.236969 0.0406584 −0.340729 0.002778 −0.483178 0.0043948 −0.52154 0.0018547 −0.186586 0.0231684 −0.227517 0.0054197

NHL −0.146265 0.210511 −0.247374 0.0323774 −0.385086 0.0268987 −0.4982 0.0031718 −0.179457 0.0290784 −0.238117 0.003565

NRBL 0.0671139 0.5672495 0.1312224 0.2617804 0.071895 0.6909284 0.1074648 0.5516677 0.047223 0.5687183 0.0294856 0.7220329

OV −0.031103 0.7910892 0.0378113 0.7473991 −0.377218 0.0304596 −0.346574 0.0481695 −0.000757 0.9927101 −0.049874 0.5471919

PAAD −0.239261 0.0386972 −0.08451 0.4709836 −0.494101 0.0034721 −0.439562 0.0104821 −0.115616 0.1617236 −0.108865 0.1878071

PRAD −0.112601 0.3361305 0.0731037 0.5330884 −0.316345 0.0728815 −0.295839 0.0946045 −0.037936 0.6471221 −0.048772 0.5560951

RHABDO −0.12111 0.3006508 −0.071567 0.5417557 −0.132993 0.4606261 −0.150283 0.4038429 −0.026899 0.7455369 −0.0643 0.4375066

SARC −0.063713 0.5870893 0.0769603 0.5116467 −0.260775 0.142709 −0.385834 0.0265788 0.055868 0.5000397 −0.015792 0.848916

SECR −0.071425 0.5425589 0.0276932 0.8135513 −0.319525 0.0698925 −0.336639 0.0554146 −0.095968 0.245932 −0.112159 0.1747226

SKCM −0.141883 0.2246504 −0.126982 0.2776451 −0.239789 0.1789233 −0.262113 0.1405966 −0.071411 0.388416 −0.132262 0.1090592

STAD −0.13161 0.2603623 0.0418529 0.7214475 −0.372699 0.0326734 −0.349932 0.0458992 −0.082421 0.3193023 −0.131272 0.1117578

THCA −0.268415 0.0198908 −0.099695 0.3947674 −0.388768 0.0253534 −0.447154 0.0090809 −0.069615 0.4004889 −0.101994 0.2173838

Shadowed numbers indicate significant correlation with a cutoff p < 0.05.
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from the MSBB (Table 1). Braak score is a neurofibrillary
pathological measure of AD severity. Clinical Dementia Rating
(CDR) is a clinical dementia severity parameter. These two AD
quantitative traits were also used to identify associations between
circRNA expression and AD diagnosis (Morris, 1993; Braak et al.,
2006). When utilizing 33 candidate circRNAs associated with
Braak score from the MSBB data (Supplementary Table 3),
significant negative correlations were found in more cancer
types (17 of 28), and most were replicate using the Knight
ADRC data (Table 1). Similarly, when using CDR to select
circRNAs (Supplementary Table 4), inverse associations were
still found in 11 cancers (Table 1). Interestingly, stable negative
correlations were retained in AML, JMML, KDNY, and MPN,
when simultaneously considering circRNAs either differentially
expressed or associated with Braak score, and CDR. The circRNA
expression pattern was negatively correlated in six cancers,
namely, acute lymphoblastic leukemia (ALL), intrahepatic
cholangiocarcinoma (CHOL), rectal adenocarcinoma (COLO),
esophageal adenocarcinoma (ESCA), head and neck squamous
cell carcinoma (HNSC), and non-Hodgkin lymphoma (NHL),
if both Braak score and CDR were considered for associated
circRNA selection (Table 1). Collectively, these results support
a consistent, replicable, and significant association in circRNA
expression changes between cancer and AD.

Candidate circRNAs in TLE Are Not
Correlated With Any Cancers
Since the identified correlations may be due to brain disease in
general rather than AD specifically, we leveraged additional two
TLE sequencing datasets to rule out this possibility (Li et al.,
2018; Mills et al., 2020). In the original TLE RNA-seq projects,
there were no quantitative indices to reflect the clinical features,
so only differentially expressed circRNAs were identified in the
TLE patients. Thirty two and nine DE circRNAs were selected
from the TLE1 and TLE 2 datasets, respectively (Supplementary
Table 5). As shown in Supplementary Table 6, no associations
were found in any cancer types from either TLE dataset when
similar correlation analyses were performed.

Systems Biology Approaches to Identify
Common circRNAs and Shared
Mechanisms in AD and Cancer
Seventeen circRNAs (circHOMER1, circST18, circMAN2A1,
circRTN4, circPICALM, circMAP7, circCORO1C, circDOCK1,
circFMN1, circDGKB, circDNAJC6, circERBIN, circRIMS1,
circWDR78, circL3MBTL4, circEPB41L5, and circYY1AP1) were
significantly associated with all of the three traits (DE, Braak
score, and CDR) and were therefore used in the following
investigation (False discovery rate < 0.05). Upon examining
the CLIP-seq data from the ENCORI database, six circRNAs
had direct experimental support for binding with at least one
miRNA. These circRNAs target a total of 167 miRNAs that are
further linked with 419 mRNAs. The biological consequences of
these circRNA-regulated mRNAs were analyzed based on GO
annotations and KEGG pathways. Supplementary Table 7 lists
all significant GO functional categories and KEGG pathways

(adjusted p < 0.05). The top five significant functional categories
are shown in Figure 1. It can be seen that the most significant
GO category is “cellular response to interleukin (IL)-12.“ “Viral
process” is another specific functional category indicated by
enrichment analysis. Similarly, circRNA targeting mRNAs are
significantly enriched in several KEGG pathways such as “Herpes
simplex infection” and “pathogenic Escherichia coli infection.”

For clarity, we extracted the genes annotated in cellular
response to interleukin (IL)-12 and viral process categories, and
constructed the circRNA-miRNA-mRNA interaction network. As
shown in Figure 2, these circRNAs, miRNAs, and mRNAs are
highly connected with each other, with only a few outliers. We
computed several network parameters to assess the centrality
and importance of each node in this network (Supplementary
Table 8). circRTN4 and circMAN2A1 are among the top
scoring nodes according to all the five parameters. CircPICALM
ranks high according to global network properties, but its
degree is lower than another circRNA, circCORO1C. This is
because both hsa-miR-205-5p and hsa-miR-155-5p are its nearest
neighbors. These two miRNAs immediately connected with
many inflammation related genes. On the contrary, circCORO1C
embedded in a cluster that is away from the inflammation
related genes (Figure 2). Generally speaking, the higher score
a node has, the more critical position it takes up in the
whole network. Thus CircPICALM, circRTN4 and circMAN2A1
were identified as hub nodes in the circRNA-miRNA-target
network. In one cluster, hsa-miR-92a-3p links circMAN2A1 with
a group of mRNAs (Figure 2A). In the circPICALM cluster,
several inflammatory genes surround hsa-miR-155-5p, which is
connected with circPICALM (Figure 2B); Finally two circRNAs
(circRTN4 and circPICALM), four miRNA (hsa-miR-142-3p,
hsa-miR-205-5p, hsa-miR-21-5p and hsa-miR-320a), and nine
mRNAs (HNRNPA2B1,SOD1, B2M,RPL27, EIF3D, PDCD6IP,
MIF,NUP93, and CDC42) form the last cluster (Figure 2C).

DISCUSSION

Years of drug discovery for AD have not yielded meaningful
success as the precise etiology of AD remains unclear. Elucidating
the relationship between cancer and AD in terms of cellular
pathways and molecular interactions will help to uncover factors
that contribute to the pathogeneses of both diseases. These results
may also guide novel therapeutic strategies and suggest potential
repurposing of cancer drugs for AD treatment.

Using large-scale circRNA expression datasets from cancer
patients, we verified the inverse correlation hypothesis for AD
but not TLE. Among the enriched biological processes of genes
shared by both diseases, the cellular responses to IL-12 and
its mediated signaling pathways are the most significant and
specific mechanisms.

The IL-12 cytokine family includes several cytokines such
as IL-12, IL-23, IL-27, and IL-35. They play important roles in
the development of appropriate immune responses in various
disease conditions (Tugues et al., 2015; Yan et al., 2018). In
cancer, IL-12 activates multiple antitumor immunity pathways.
IL-12 also enhances differentiation of Th1 cells and promotes
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FIGURE 1 | The top five GO biological processes and KEGG pathways that enriched with circRNA-regulated mRNAs (left) GO biological processes categories and
(right) KEGG pathways, which enriched with circRNA-regulated mRNAs. x-axis represents the -log10 (Adjusted P value).

type II interferon (IFN)- g production. IL-12 and IFN-g can
also regulate the tumor microenvironment. Many clinical trials
conducted in the last decade with IL-12 alone or in combination
with other therapies showed similar or better antitumor efficacy;
however, they did not translate into clinical use. The majority
of ongoing trials involving IL-12 treatment failed to show
sustained antitumor responses, and was associated with toxic
side effects. Currently researchers are studying gene therapy
approaches to locally deliver IL-12 and avoid side effects (Lasek
et al., 2014). On the other hand, the importance of the innate
immune response in AD pathogenesis has become clear in recent
years. For example, extracellular amyloid-β (Aβ) deposits are a
prominent hallmark of AD. Inhibition of IL-12/IL-23 signaling
by targeting IL12p40, the common subunit of both IL-12 and IL-
23, using either genetic or pharmacological strategies reduced Aβ

cerebral load in AD–like APPPS1 mice (Vom Berg et al., 2012).
Collectively, our enrichment analysis is consistent with the above
reports, suggesting the IL-12/IL-23 axis as a common mechanism
in AD and cancer.

Based on both GO terms and KEGG pathway analysis, many
circRNAs targeting mRNAs have virus infection related function.
It highlights that AD shares a viral etiology with some cancers.
While the infectious hypothesis of AD originated decades ago, it
has steadily accumulated evidence in recent years. A consensus
statement from leading AD experts claimed that herpes virus
(HSV1) is the most likely culprit, but HSV2 may also contribute.
Indeed, a clinical trial for valacyclovir, the most widely used
generic antiviral drug, is actively being investigated in AD
patients (Itzhaki et al., 2016).

It should be noted that both the IL-12 pathway and
viral process are connected with inflammatory cascades,

which are thought to have major impacts in AD. In the so-
called inflammation-driven pathogenesis hypothesis of AD,
inflammation damage signals such as viral infections activate
nuclear factor-Kβ, synthesis and release of proinflammatory
cytokines (Guzman-Martinez et al., 2019; Sochocka et al.,
2019). Secretion of IL-12 and related cytokines affect neuronal
receptors and ultimately lead to Aβ accumulation and tau
hyperphosphorylation in neurons. Our results strongly
indicated circRNAs participated in these processes. Thus,
anti-neuroinflammation pathways, possibly via circRNA or
associated miRNAs interfering, may be a good avenue to explore
for drug discovery in AD (Guzman-Martinez et al., 2019).

We identified three circRNA (circPICALM, circMAN2A1,
and circRTN4), connected with miRNAs and mRNAs to
form three clusters in the circRNA-miRNA-mRNA network.
All three circRNAs were previously found to be highly
expressed in AD patients (Dube et al., 2019), but currently
there is only functional study on CircPICALM in cancer.
CircPICALM was downregulated in bladder cancer, and
its’ low expression was associated with clinicopathological
factors such as advanced T stage, high grade, and poor
overall survival. Mechanistically, CircPICALM sponges to
miR-1265, which further interfering with the miRNA target
STEAP4. CircPICALM can inhibit bladder cancer metastasis
and regulate epithelial to mesenchymal transition (Yan et al.,
2019). In another cluster, circRTN4 connected with four
miRNAs (Figure 2C). A report found that hsa-miR-142-3p
in serum is lowly expressed thus can be used as biomarker
to distinguish AD patients from normal controls (Kumar
et al., 2013). Interestingly, two independent groups found
elevated hsa-miR-142-3p level in acute leukemias and esophageal
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FIGURE 2 | circRNA-miRNA-mRNA interaction network constructed from shared aberrant circRNAs in AD and cancers. Brown triangular nodes represent genes
annotated in IL-12 signaling pathways or viral response. circRNAs are colored in green. Edges represent the interactions derived from CLIP data. (A–C) Three key
clusters that included three highly expressed circRNAs (circPICALM, circMAN2A1, and circRTN4).

squamous cell carcinoma samples (Lin et al., 2012; Dahlhaus
et al., 2013). The expression of hsa-miR-142-3p is also
associated with clinical data such as overall survival and
prognosis. Cholangiocarcinoma is a malignant tumor of bile
duct epithelial cells. Similarly, profiling analysis of plasma
extracellular vesicles associated miRNAs found hsa-miR-21-
5p significantly down-regulated in AD samples respect to
dementia with Lewy bodies patients (Gamez-Valero et al.,
2019). On the other hand, hsa-miR-21-5p is markedly elevated
in hepatocellular carcinoma and gastric cancer (Park et al.,
2016; Pu et al., 2018). These results suggested this miRNA
can possible use as biomarkers both in AD and cancers.
miR-205-5p, another miRNA linked with circRTN4, is the
most up-regulated miRNA in cholangiocarcinoma cell-derived
exosomes. Inhibition of hsa-miR-205-5p reduced cell invasion
and migration (Kitdumrongthum et al., 2018). Unfortunately
there is no functional study on the fourth hsa-miR-320a both
in cancer and AD. For the circMAN2A1related cluster, we
noticed that MAN2A1 (mannosidase alpha class 2A member 1),
the parental gene of circMAN2A1, play an important role in

glycometabolism. In additional to the classic miRNA mediated
functioning, circRNA can also interfere with its parental gene
via a variety of mechanisms such as epigenetic control, splicing,
transcription, or translation (Zhao et al., 2019). MAN2A1
encodes a glycosyl hydrolase that localizes to the Golgi and
catalyzes the final hydrolytic step in the asparagine-linked
oligosaccharide (N-glycan) maturation pathway (Moremen and
Robbins, 1991). Variants in MAN2A1 have been associated to
intelligence and general cognitive ability via GWAS (Savage et al.,
2018). Indeed circMAN2A1 is also associated with dementia
(Supplementary Table 4), further highlighting the importance
of this gene locus in neurodegenerative phenotypes. A recent
study found Man2a1-null cancer cells are more sensitive to T cell-
mediated tumor killing. This finding has translational relevance
since pharmacological inhibition of MAN2A1 by swainsonine
synergized with anti-PD-L1 in the treatment of melanoma
and lung cancer (Shi et al., 2020). In the future, it would
be interesting to explore whether circMAN2A1 participates
in MAN2A1regulation, and in which manners circMAN2A1
involves in the regulation.
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CONCLUSION

Overall, our analysis reveals the negative associations between
AD and some type of cancers from the circRNA perspective.
Based on systems biology approach, we also identified three
circRNAs clusters that potentially interconnect the two
conditions. These findings should be validated when more
AD omics datasets are available. It also needs to investigate
the molecular mechanisms bridging AD and some cancers,
with the ultimate goal of developing circRNA-based therapies
for both diseases.
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