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University of California, San Francisco, CA 94121

Abstract

The long noncoding RNA (LncRNA) SNHG7 (small nuclear RNA host gene 7) is a hew type of
INcRNA, whose function as an oncogene has been studies. However, the role of SNHG7 in
Alzheimer’s disease (AD)remains to be revealed. In this study, the expression data of SNHG7
in AD brains (n=7) and normal brains (n = 5) were collected and calculated. The results
indicated that low SNHG7 level in AD was correlated with high expressed microRNA-34a (miR-
34a), and the decreased expression of Bcl2 (B-cell ymphoma 2), a target of miR-34a.
Moreover, previous studies have shown that miR-34a and Bcl2 are involved into the
development and progression of AD. Bioinformatic analysis predicted that SNHG7 has miR-34a
binding sites. Therefore, it suggests that SNHG7 may regulate neuronal survive in AD brain
through miR-34a/Bcl2 axis. In addition, miR-34a may regulate post-transcriptionally estimated
hundred mRNASs. Using several bioinformatics tools, we can predict the regulatory pathways
that SNHG7 participates in through miR-34a and its targets in AD. These findings indicate that
the down-regulated IncRNA SNHG7 in AD may reduce the inhibition of miR-34s’ function, then
increase its function and decrease miR-34a target signals, thereby joining in the regulatory
network of AD.
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Introduction

Alzheimer’s disease (AD) is the most common degenerative disease of the central nervous
system in the elderly, accounting for an estimated 60—80% of dementia cases [1]. The main
clinical phenotypes are cognitive dysfunction, memory loss and personality changes. In fact,
there are 50 million AD patients worldwide, and its incidence doubles every five years after the
age of 65 years [2]. The principal pathologies seen in AD are amyloid beta (A)-contained
plaques and neurofibrillary tangles (NFTs) containing hyperphosphorylated tau protein. This
may occur through a variety of mechanisms, including excitotoxicity, generation of reactive
oxygen species (ROS), inflammatory responses, and apoptotic and cell death [3, 4]. It was
recently found that microRNAs (miRNAs) are involved in cancer and neurodegenerative
diseases including AD development and progression [5-7]. MiRNAs are 20-24 nucleotides in
length and function to post-transcriptionally inhibit mRNA translation, each miRNA targeting 100
or more mMRNAs. Several miRNAs including miR-34a [8] have been found to play critical roles in
AD pathogenic pathways, including apoptosis, inflammation, and impaired neuronal function.

Currently, the authors have identified that at least 90% of the entire human genome is
transcribed as noncoding RNAs(ncRNAS) with no protein-coding capacity. The ncRNA could be
divided into several groups according to the transcript size, including miRNAs and long
noncoding RNAs (IncRNAs, >200 nts) [9]. Accumulating evidence indicated that these ncRNAs
have important roles in regulating gene expression in development, physiology, and pathology,
including cancer [10, 11]. Some miRNAs and IncRNAs have been recognized as tumor
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suppressor or oncogene during cancer development and progression. However, the study of
INcRNA in AD just starts although the miRNAs studies have more reports in this field.

SNHG7 is a new IncRNA located on chromosome 9g34.3, which is 2,176 bp long [12].
LncRNA-SNHG7 (SNHG7) has been demonstrated that the expression of SNHG?7 is signifi-
cantly increased in tumors and cancer cells, including colorectal, breast, prostate and gastric
origin [13]. SNHG7 was enhanced in tumor cells for tumor proliferation and survival [14].
According to previous studies, SNHG7 modulates tumorigenesis and cancer progression by
acting as a competing endogenous RNA. Importantly, Deng Y. et al. reported that SNHG7 can
sponge tumor suppressive miRNAs including miR-34a [15] and regulate its downstream
signaling pathways [13]. However, the expression and function of SNHG7 in AD remains to be
unexposed so far.

MiR-34a is involved in several neurological diseases, including AD, although previously,
miR-34a was identified as a classic tumor-suppressive miRNA, which is related to tumor
proliferation, cell cycle, and apoptosis [16]. In AD, the expression of miR-34a is upregulated [8],
which is opposite to the expressions in some cancers [15]. The downstream pathways of miR-
34a have been studied for a while in AD development, but the regulatory pathways for miR-34a
itself is still unclear. In this study, the authors found that there may be an interaction between
miR-34a and SNHG?7 via the bioinformatic analysis. Therefore, they analyzed AD clinical
significance of SNHG7; investigated the expression of SNHG7, miR-34a, and its target Bcl2;
and predict the network of SNHG7 through miR-34a and its targets in AD.

Databases and Methods
Databases

A small RNA-seq dataset from six Alzheimer disease and seven control brains were
downloaded from EMBL-EBI website (https://www.ebi.ac.uk/arrayexpress/, dataset EGEOD-
63501). In this dataset, total RNA was isolated from human post-mortem autopsy whole brain,
and deep sequencing of small RNAswas performed as described by Hafner et al.[17]. Here,
counts of two major sequences for miR-34a TGGCAGTGTCTTAGCTGGTTGT and
TGGCAGTGTCTTAGCTGGTTGTT, differing only in the latter containing one extra final T
residue, were combined.

The profiles of mMRNA transcript from whole brain tissues of seven AD patients and five
controls were downloaded from EMBL-EBI website (https://www.ebi.ac.uk/arrayexpress/,
dataset E-MEXP-2280). The expression levels of SNHG7, Bcl2, and SHNK3 were obtained from
this dataset. The gene expression in the heatmap was also obtained from this dataset.

Methods

To perform gene annotation and pathway analysis, we have used the gene ontology (GO),
Kyoto Encyclopedia of Genes and Genomes (KEGG), Database for Annotation, Visualization
and Integrated Discovery (DAVID, v6.8), and g:Profiler (http:/biit.cs.ut.ee/gprofiler/gost).

The results are analyzed by the Statistical Package for the SigmaPlot 14 (Systat
Software Inc.). Paired t-tests or unpaired t-tests tests were used to compare the two groups p <
0.05 was considered statistically significant. After calculating the Z-score of associated genes,
the heatmap is generated by MeV (4.9.0) bioinformatic software.

Results
The expression of Inc-RNA-SNHG7 and miR-34ain AD patients
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To discover the clinical significance of SNHG7 in AD patients, the authors collected the
microarray data from AD brain tissues and normal brain tissues (n = 7 and 5, respectively). The
expressions of SNHG?7 indicated that the SNHG7 level was decreased significantly in AD brains
when compared with the normal brains (Fig. 1A).

The expression of miR-34ain AD was examined using a small RNA-seq dataset from six
AD brains and seven control brains were downloaded from EMBL-EBI. In this dataset, total RNA
was isolated from human post-mortem autopsy whole brain, and deep sequencing of small
RNAs was performed as described by Hafner et al. [17]. We found that miR-34a expression was
increased ~three folds in human AD brains compared to controls. (Fig. 1B). Here, we combined
two major sequences of miR-34a as its counts. This result is consistent to the previous report
although testing methods are different [18].

Bioinformatic analysis (http:// starbase.sysu.edu.cn/index.php) revealed putative
complementary sequences for miR-34ain human SNHG7, and predicted miR-34a binding sites
were found by Deng Y. et al.(Fig. 1C) [15]. Because the expression of SNHG7 was found to be
decreased in AD tissues, they suspected that SNHG7 upregulated the function of miR-34a in
AD. These data implicated that down regulated SNHG7 and upregulated miR-34a might predict
the poor clinical outcome of AD patients. As an inhibitor of gene expression, reduced SNHG7
might release the inhibition of the expression or function of miR-34a in AD; while in cancer, miR-
34a is a classic tumor suppressor, which is often down regulated in cancer cells correlated with
SNHG?7 up-regulation.

Fig. 1. The expression of SNHG7 and miR-34a in
Al == B AD brains.
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A) The expression of SNHG7 was down regulated in
human AD brains (n=7) compared to normal brain
(n=5), *p=0.029 (AD/COM x 100%).
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B) The expression of miR-34a in human AD brains
poopen e is shown as the counts of miR-34a (AD/CON
x100%) (n=6, *P<0.05 vs control).

Counts of miRNA-34a (AD/CON x 100%)
»
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C MR 3"T°TTG"3T‘C@;A‘T]TIC‘TﬁTI??ICGGT-S' C) Bioinformatic analysis predicted that SNHG7
SNHG7 5-GTCTTCAACAGGA-CACTGCCC-3 harbored miR-34a binding sites [15].

The predicted targets of SNHG7 via miR-34ain AD

MiR-34a may regulate neuronal death through Bcl2-related pathways. Bioinformatics methods
examining the Bcl2 3'- UTR predict that Bcl2 may be a direct target of miR-34a [19, 20]. Bcl2is
an essential component of the intrinsic apoptotic death pathways, acting as an inhibitor of
cytochrome C release and mitigating other effects on mitochondria promoted by pro-apoptotic
Bcl family members such as Bax [21-24]. Decreased expression of Bcl2 increases susceptibility
to apoptotic death, and increased Bcl2 expression increases cell survival following exposure to
various injurious stimuli.

To explore cell death mechanisms in AD, we examined the expression of Bcl2 and
SHANK3. The mRNA transcript profiles from whole brain tissues of seven AD patients and five



controls were downloaded from EMBL-EBI website (https://www.ebi.ac.uk/arrayexpress/,
dataset is E-MEXP-2280), and the expression of Bcl-2 and SHANKS expression were examined
in the same dataset of SNHG7. Bcl2 expression was found to be decreased significantly in
human AD brains compared to control brains (Fig. 2A), and it might cause the increase of
neuron apoptosis in AD brain. However, there was no significant change in the expression of
SHANKS.
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Fig. 2. The expression of Bcl2 and other miR-34A target genes.

A) Bcl2 expression was decreased in human AD brains compared to control
brains (n=7, p<0.01 vs controls). There was no significant change in the
expression of SHANK3 in human AD brains vs control brains.

B) The heat map shows the expression levels of SNHG7/miR-34a AD
associated genes, including PDE4B, MRPL3, PKIA, ZCCHC, CDC37, THEM13,
CACNA2D1, and ELL2. In the upper part of the picture, from -2.6 to 2.6 of the Z-
score of gene expression, the heatmap is shown from green to red.

Using the TargetScan7.2 program, we found there are 178 predicted targets for miR-34a.
Then, using profiling data from AD patients and normal controls, statistic calculating, and
clustering, we scanned all these genes and selected eight genes as SNHG7 regulatory targets
via miR-34aor as the SNHG7/miR-34a associated AD genes, because those eight genes were
significantly decreased in AD brains compared to normal controls. Those eight gene IDs are
PDE4B, MRPL3, PKIA, ZCCHC, CDC37, THEM13, CACNA2D1, and ELL2. Their expression
heat map was shown in Fig 2B.

The predicted regulatory network of SNHG7 via miR-34a

Given a set of down-regulated genes in AD in the above studies, we performed GO analysis
and KEGG analysis, or as a non-enrichment analysis, to find out which GO terms and pathways
are under-represented using annotations for that gene set. Using the g:Profile analysis tool and
setting the significant threshold to 0.01 (combined GO and KEGG analysis), we found a KEGG
pathway (KEGG:00230) and several GO terms (data not shown); however, these terms seem



not specific to the principal pathologies of AD. Using DAVID (v6.8) analysis, we found one
disease cluster, one KEGG pathway, and several functional annotations (not shown).

A generalized anxiety disease (GAD) cluster was found in the DAVID analysis by using
the SNHG7/miR-34a associated down-regulated genes in AD. The GAD cluster showed in
Table 1. Epidemiological-, genetic-, and neuropathological-based evidence continue to suggest
that AD is a particularly heterogeneous disorder [8]. Previous studies have shown that the
frequency of GAD or generic symptoms of anxiety in AD to range 5% to 70% [25, 26]. Recently,
it has found that increasing symptoms of anxiety and depression may be linked to an increase in
beta-amyloid proteins, a hallmark characteristic of Alzheimer’s disease [27]. Therefore,
SNHG7/miR-34a network may be associated with AD development, but it seems not a direct
link to the AD principal pathologies including AB-contained plaques and NFTs containing p-tau
pathologies.

Table 1. A cluster associated with SNHG7/miR-34A in AD

Functional Annotation Clustering

Current Gene List: List_1

Current Background: Homo sapiens

11 DAVID IDs

options Classification Stringency

[ Rerun using options | [ Create Sublist |

1 Cluster(s) Bl Download File

(] GAD_DISEASE Echocardiography RT 3 1762 5.26-1

[]  GAD_DISEASE Blood Pressure RT 2462 5.2E-1

[ [ HRERSEEE Tobaceo Use Disorder RT s S.7E2 8.3E-1

[ 12terms | were not clustered

Discussion

By bioinformatic analysis and profiling from AD patients, we predicted that down regulated
SNHG7 in AD decreased the inhibition of miR-34a, so it increased the expression or the
function of miR-34a. Through the targets of miR-34a, down-regulated SNHG7 may increase
neuron apoptosis through miR-34a/Bcl2 axis in AD. Using several bioinformatics tools, we can
predict the regulatory pathways that SNHG7 are involved via miR-34a in AD. This manuscript is
a bioinformatic study, so the function of SNHG7 on AD needs to be approved by experiments.

According the studies in cancer, the function of SNHG7 was suspected that it negatively
regulates the expression of miR-34a, as a gene expressive inhibitor. In several cancers, the
miR-34a expression were decreased; while the expression of SNHG7 showed the converse
results [28]. Second, knockdown of SNHG?7 in two osteosarcoma (OS) cell lines MG63 and
Sa0S2 restored the miR-34a expression levels. Third, the inhibiting function of SNHG7 was
inhibited when using the miR-34A mimic with mutant miR-34a binding sites [15]. Therefore, we
think the function of SNHG7 in AD is similar to the function in cancer, which is the inhibition of
miR-34a expression. The reduced SNHG7 expression might release the inhibition of miR-34a
expression and function, causing the increased miR-34a expression and function and down-
regulation of miR-34atarget genes including Bcl2. This is just a bioinformatic prediction for
SNHG7, so everything needs to be proven, including the binding site to miR-34a and the
regulation of miR-34ain neuronal cells.



There should be some unexposed mechanisms of the SNHG7/miR-34a regulatory
network in AD. For example, miR-34a may also regulate neuronal function and apoptosis
through SHANK3, whichis also its target gene. The SHANK family of scaffolding proteins
contain multiple domains which support extensive protein-protein interactions, including ankyrin
(ANK) repeats, and are key players for both synapse formation and the modulation of synaptic
transmission and synaptic plasticity [29]. Extra-neural levels of AR peptide oligomers have been
shown to strongly correlate with the loss of synaptic SHANKS, disruption of synaptic function,
and with the severity of cognitive impairment [30, 31]. However, we didn’t find any significant
changes in the expression of SHANKS3 in these AD samples compared to normal controls, as
shown in Fig. 2A.

SNHG7/miR-34a axis may regulate other neurological disorders except AD. This article
is the first report that the SNHG7/miR-34a axis may also regulate GAD disease. In Table 1,
blood pressure and tobacco use disorder as associated phenotypes of GAD are involved.
Importantly, these phenotypes are also deeply relevant with AD development [32, 33]. In
addition, we found that miR-34a was involved in traumatic brain injury and ischemic stroke (data
not shown), so there is possible that SNHG7/miR-34a axis might be also involved in the brain
injury. Therefore, SNHG7/miR-34a axis could be a novel therapeutic target for AD and other
neurological disorders.
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