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1 | INTRODUCTION
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Abstract

Objective: To identify circular RNAs as candidates for differential expression in
the middle temporal (MT) cortex in a well-characterized cohort with contrasting
Alzheimer disease (AD) pathology and cognition. Top screen candidates were as-
sessed for proof of circularity and then quantified by gPCR in a larger number of
samples.

Methods: An initial RNA sequencing screen was performed on n = 20 frozen human
tissue samples. Filters were applied to select candidate circular RNAs for further
investigation. Frozen human tissue samples were selected for global AD pathology
burden and global cognition scores (n = 100). Linear and divergent primers were used
to assess circularity using RNaseR digestion. RT-gPCR was performed to quantify
relative hsa_circ_0131235 abundance.

Results: Eleven circular RNAs were selected for further investigation. Four candi-
dates produced circular RNA primers with appropriate efficiencies for gPCR. RNaseR
treatment and analysis by both basic PCR and gPCR confirmed hsa_circ_0131235
circularity. There was a significant main effect of AD pathology on hsa_circ_0131235
expression.

Conclusions: Elevated hsa_circ_0131235 expression in the MT cortex was signifi-
cantly associated with AD pathology.
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neural differentiation (You et al., 2015). Although little is currently
known about their specific roles in the nervous system, circRNA ex-

RNAs (circRNAs) are noncoding RNAs generated by back splicing,
which creates an identifiable covalent junction between the exon 5’
and 3’ ends (Perera et al., 2018). CircRNAs are highly abundant in
the mammalian brain (Rybak-Wolf et al., 2015), more stable than lin-
ear RNAs, enriched in synaptoneurosomes, and upregulated during

pression is distinct from linear isoforms of the same gene, suggesting
an independent function. A leading hypothesis is that they may act
as a “sponge” to regulate microRNA expression in the central ner-
vous system (CNS; Hansen et al., 2013; Piwecka et al., 2017). For
example, CDR1 circRNA has been shown to negatively regulate
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miR-7 microRNA, which plays a role in sensory motor gating and
synaptic transmission (Piwecka et al., 2017). Due to their high stabil-
ity, circRNAs may also serve as synaptic tags to maintain molecular
memory (Rybak-Wolf et al., 2015). A number of circRNAs have been
previously associated with AD pathology and may explain more of
the variation in clinical dementia rating of AD cases than ApoE4 risk
gene load (Dube et al., 2019).

In order to identify circRNAs that may be involved in AD patho-
physiology, we performed a small RNA sequencing screen of poten-
tial circRNAs in frozen tissue from the human middle temporal (MT)
cortex. Using a series of filters, we selected 11 candidate circRNAs
for follow-up. Following assessment of circularity, 1 target, IGFR2,
was quantified by RT-gPCR in a larger sample set. This cohort in-
cluded well-matched individuals with contrasting presentations of
AD pathology and cognition, to allow for somewhat independent
evaluation of circRNA association with cognition or pathology.
IGFR2 hsa_circ_0131235 was established as clearly circular, and ex-
pression was found to be associated with AD pathology.

2 | METHODS
2.1 | Human tissue

Frozen human tissue was used according to human research proto-
cols as approved by the Partners Institutional Review Board. 100
cases from the Rush Religious Orders Study (ROS) and Memory and
Aging Project (MAP) cohorts (Bennett et al., 2013) were selected ac-
cording to global AD pathology burden and the presence of cognitive
impairment. Subjects were classified into four contrasting groups ac-
cording to two variables. The first variable was Braak Score, with
those individuals with a Braak score of 4 or below deemed low AD
pathology burden, and those with a Braak score of 5 or 6 deemed
high AD pathology burden. The second variable was clinical consen-

sus as to the presence of cognitive impairment at the point of death.

2.2 | RNA sequencing

Exploratory RNA sequencing was performed on frozen human MT
tissue (n = 20, 5 samples per diagnostic group) to identify candi-
date circRNA targets. Reads were aligned to the hgl9 genome using

FIGURE 1 PCR amplification of gene

targets that met primer pair efficiency

criteria. Expected product sizes for control s
and divergent primer pairs, respectively: :::
FGDé, 366 bp, 238 bp; TBCK, 295 bp,

165 bp; IGF2R, 142 bp, 285 bp; FAM126A,

111 bp, 353 bp

STAR aligner, and read counts were normalized using DESeq2 (Love
et al., 2014). High confidence (KNIFE score > 0.9) circRNAs were
identified by the presence of head-to-tail splice junctions using the
KNIFE algorithm (Hansen, 2018). The table of circRNA counts per
sample (Table S1) was filtered as follows: (a) CircRNA detected in
at least 4 out of 20 samples, (b) circRNA detected in at least two
diagnostic groups, and (c) the sum of reads in at least one group
should be >10.

2.3 | Primer design

Primers for reference genes (RGs) and target genes were designed
using Primer-BLAST (NCBI). Eight RGs were evaluated based on pub-
lished stability in human brain tissue (Rydbirk et al., 2016). Primers
were subjected to a 10-fold dilution series and efficiency calculated
using the formula: (107V%'°P-Y). UBE2D2 and RPL13 demonstrated
good efficiency in these samples and were used as reference genes
(Table 1).

2.4 | RNA digestion

Total RNA was extracted from frozen tissue (50mg) using miRNeasy
(QIAGEN). RNaseR digestion was used to confirm RNA circularity
exactly as described (Panda & Gorospe, 2018). This experiment was
independently replicated 4 times.

2.5 | cDNA synthesis

cDNA was synthesized using Maxima Reverse Transcriptase
(Thermo Fisher). 12 ul RNaseR-treated or vehicle-treated RNA
was used to assess circularity, and 5 pg Total RNA was used for

quantification.

2.6 | Agarose gel electrophoresis

cDNA was used in basic PCR reactions for visualization on an aga-
rose gel. Reactions were performed using PCR Master Mix (Thermo

Fisher) on a C1000 Touch Thermal Cycler (Bio-rad) system using

400
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standard conditions (30 s extension, 40 cycles), 1 pmol/L primers,
and 1 pL of cDNA. PCR products were loaded onto a 2% agarose gel
containing SybrGold.

2.7 | RT-gPCR

cDNA was used for reverse transcriptase quantitative PCR (RT-gPCR).
Reactions were performed in triplicate using RT? SYBR Green MasterMix
(QIAGEN) on a CFX96 (Bio-rad) system using standard cycling condi-
tions, (10 min at 95°C followed by 40 cycles of 15 s at 95°C, 90 s at 60°C),
0.4 umol/L primers, and 1 ul cDNA. Control and divergent target gene
primers were used for circularity confirmation. Only divergent target
gene primers were used for differential expression quantification.

2.8 | Statistical analysis

Statistical analyses were performed using GraphPad Prism (v7).
RT-gPCR data were analyzed using efficiency adjusted AACT
([2*efficiency]*“T) and normalized to RG expression. Independent
t tests were used to analyze cohort demographics and RNaseR-
treated RNA enrichment. Two-way ANOVA was performed
to examine the effect of pathology and cognition on circRNA

expression.

Il Vehicle RNaseR
2.0 2.0

Il Vehicle

3 | RESULTS

3.1 | RNA sequencing

RNA sequencing was performed on RNA from 20 samples from the
human MT cortex (Table S2), to a read depth of between 35 million
to 52 millions reads per sample in all but one sample. 9,670 circRNAs
were identified by the KNIFE algorithm as high confidence circRNAs in
at least one sample, but the vast majority were identified in fewer than
3 samples, and at very low read counts (Table S1). The table of circRNA
counts per sample was filtered to a small number of potential targets
using the following criteria: (a) CircRNA should be detected in at least
4 out of 20 samples, (b) circRNA should be detected in at least two
diagnostic groups, and (c) the sum of reads in at least one group should
be >10. Applying these filters reduced candidate circRNAs down to
161 potential targets. The remaining 161 circRNAs were subjected
to exploratory t tests for the cognition variable and the AD pathol-
ogy variable. A shortlist of eleven targets was selected for quantifica-
tion by gPCR by p-value, prior annotation in circBase, and biological
interest of the parent gene to Alzheimer's Disease pathophysiology:
MAP3K4: hsa_circ_0078619, TBCK: hsa_circ_0007540, FGDé6: hsa_
circ_0099549, IGF2R: hsa_circ_0131235, SOBP: hsa_circ_0001633,
PGAP1: hsa_circ_0003394, RABGAP1: hsa_circ_0137854, FAM126A:
hsa_circ_0008951, GAS2: hsa_circ_0095626, CLASP1: hsa_circ_
0007052, and CDKL5: hsa_circ_0089980.

RNaseR

(@ (b)

Hhkk Fkkk Fkkk

0.5 0.5

Relative FGD6 abundance
P

Relative TBCK abundance
5

0.0 0.0
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IIIII

Linear RNA circRNA Linear RNA

Il Vehicle RNaseR

Il Vehicle

circRNA
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FIGURE 2 ¢PCR quantification of

. RNase-treated gene targets 2A) FGD6,
2B) TBCK, 2C) IGF2R, and 2D) FAM126A.
RNaseR-treated linear RNA expression
was significantly decreased compared to
vehicle for all four gene targets. RNaseR-
treated circRNA expression was enriched
compared with vehicle (p < .05) for TBCK
and IGF2R. p-value significance codes:
***p <.0001, ***p < .001, **p < .01,

Linear RNA circRNA Linear RNA

circRNA *p < .05
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FIGURE 3 Plots to show the individual demographics of all subjects in the validation cohort. 3A) Global cognition is a Z-score
summarized composite score of 19 tests of different memory domains. The clinical consensus as to the presence of cognitive impairment
at death accounts from an individual's baseline scores; thus, there is some overlap between groups in these scores. There was a significant
main effect of cognition (F(1, 95) = 222.3, ****p < .0001) and pathology on global cognition score (F(1, 95) = 20.74, ****p < .0001). 3B) The
mini mental state examination (MMSE) is a commonly used 30 question tool for relatively rapid assessment of cognitive impairment. There
was a significant main effect of cognition (F(1, 95) = 114.8, ****p < .0001) and pathology (F(1, 95) = 8.331, **p = .0048) on MMSE, and a
less significant interaction effect (F(1, 95) = 5.824, p = .0177). 3C) Global pathology score is a Z-score summarized estimation of pathology
load averaged across 5 brain regions, including those affected earlier in disease progression that the MT cortex. There is a significant main
effect of pathology on global pathology score (F(1, 95) = 160.0, ****p < .0001) and a weakly significant interaction effect (F(1, 95) = 5.062,
*p =.0268). There are no significant differences in 3D) age in years, 3E) education in years, and 3F) postmortem interval in hours

3.2 | PCR primer testing

To ensure accurate quantification of linear and circRNA targets, ef-
ficiency testing was first performed on each primer pair. This is par-
ticularly important for the circRNAs, where the primer must cross the
head-to-tail splice junction and thus there is little choice in location for
primer design. Primer pairs with efficiencies of <0.8 or >1.2 were elim-
inated from further experiments (Table 1). IGF2R: hsa_circ_0131235,
FAM126A: hsa_circ_0008951, FGDé: hsa_circ_0099549, and TBCK:

hsa_circ_0007540 were taken forwards for confirmation of circularity.

3.3 | Circular RNA validation

To confirm RNA circularity was not an artifact of cDNA synthe-

sis, circularity was established using RNaseR treatment (Panda

& Gorospe, 2018). RNaseR should digest linear mRNAs while
leaving most circRNAs intact. RNA was amplified by PCR and
run on a gel for visual inspection. IGF2R hsa_circ_0131235 and
FAM126A hsa_circ_0008951 showed visual patterns of band-
ing likely consistent with true RNA circularity (Figure 1). TBCK:
hsa_circ_0007540 produced a smaller product on RNaseR di-
gestion that was not consistent with circularity for the appro-
priate target. All four targets were further quantified by gPCR
post-RNase treatment (Figure 2). For all four linear mRNAs, con-
trol primer PCR product was decreased by RNaseR treatment.
IGF2R hsa_circ_0131235 and TBCK: hsa_circ_0007540 were
the only circular RNAs to show stable products upon RNase
treatment. Only IGF2R hsa_circ_0131235 was taken forwards
to quantification in the larger sample set by qPCR, given the
band of incorrect size seen in the RNase digested TBCK: hsa_
circ_0007540 lane.
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3.4 | Demographics of validation cohort

There were no significant differences in age, education, gender, or
postmortem interval between groups (Figure 3). Group were divided
based on their cognitive status (unimpaired vs. impaired) and AD pa-
thology burden (Braak score; Figure 3, Table S3). As expected, there
was a main effect of cognitive status on global cognition, a Z-score
normalized summary score of 19 cognitive tests across multiple cog-
nitive domains, and minimental state examination (MMSE) score. For
the purpose of this study, a Braak score of IV or below was considered
low pathology, and V or above considered high, as this transition point
is when the MT cortex begins to exhibit significant hyperphospho-
rylated tau pathology (Braak et al., 2006). As expected, there was a
significant main effect of pathology on global pathology score.

3.5 | Differential expression of IGF2R circRNA in
MT cortex

hsa_circ_0131235 was quantified in non-RNaseR-treated RNA from
the validation cohort. RT-gPCR was performed on 100 samples, and
hsa_circ_0131235 was detected between 27 and 32 cycles. There was
a significant main effect of pathology on hsa_circ_0131235 expression
(F(1, 95) = 7.994). Mean hsa_circ_0131235 expression was increased in
the MT cortex of individuals with high AD pathology relative to those
with low AD pathology (Figure 4). No main effect of cognition or inter-

actions between AD pathology and cognition was observed.

4 | DISCUSSION

Noncoding RNAs have been shown to play a fundamental role in AD
pathogenesis (Akhter, 2018), with dysregulated expression profiles

[ Cognitively Cognitively
Unimpaired Impaired
3
5 I |
2
2 2
™
N
™
o
o
S 14
@©
(2]
<
0

1 I
AD pathology no AD pathology

FIGURE 4 Thereis a main effect of AD pathology on hsa_
circ_0131235 in MT cortex, F(1, 95) = 7.994, **p < .01

of circRNA, microRNA, and mRNA identified in AD rat model hip-
pocampi (Wang et al., 2018). A recent study published in Nature
Neuroscience found that 31 circRNAs were significantly associated
with Clinical Dementia Rating (CDR), nine with Braak Score, and
nine with AD versus control status. Strikingly, circRNA expression
accounted for more variation in CDR performance than ApoE4 sta-
tus (Dube et al., 2019). hsa_circ_0131235 was not highlighted as sig-
nificant in this sequencing based study, but it was not well powered
to address the AD versus control pathology contrast. In our study,
we confirmed hsa_circ_0131235 circularity and showed increased
expression in the MT cortex in individuals with high AD pathology.
As we did not find a significant correlation with cognitive ability,
hsa_circ_0131235 may have potential as a marker of AD pathology
burden. It is also important to note that while we did not find clear
evidence of circularity post-RNaseR digestion from the other three
targets selected, this does not necessarily discount their being cir-
cular; there are reports of circRNAs that are degraded due to the
presence of nicks in the sequence. Alternative approaches such as
northern blotting and RNase H may be used to address this limita-
tion of our study (Barrett & Salzman, 2016).

The “microRNA sponge” hypothesis of circRNA function sug-
gests they inactivate corresponding microRNAs, indirectly upregu-
lating protein expression (Lukiw, 2013; Piwecka et al., 2017). We can
hypothesize a similar relationship between hsa_circ_0131235 and
IGF2R. IGF2R facilitates AR peptide clearance (Mellott et al., 2014),
and expression levels have been correlated with altered functioning
of lysosomal enzymes (Kar et al., 2006). Increased hsa_circ_0131235
may be part of a biological mechanism to prevent damage from AR
aggregation. IGF2/IGF2R signaling has been implicated in meta-
bolic regulation and diabetes risk (Cianfarani, 2012) with circu-
lating IGF2R associated with type two diabetes mellitus (T2DM)
(Chanprasertyothin et al., 2015). Given diabetes is one of the stron-
gest risk factors for the development of AD and a common comor-
bidity, dysregulation of IGF2 signaling through IGF2R may contribute
to the neuropathology of AD.

CircRNA dynamic expression is generally distinct from linear iso-
forms of the same gene (Hansen et al., 2013; Piwecka et al., 2017).
While we did not quantify IGF2R linear transcript expression in MT
cortex in this experiment, RNA sequencing of over 500 samples from
the same ROSMAP cohort shows no differences in linear IGFR2
mRNA expression between low and high Braak stage tissue from the
transcriptionally similar dorsolateral prefrontal cortex (Bihimeyer
et al., 2019; Jager et al., 2018; Kang et al., 2011). It may therefore be
likely that hsa_circ_0131235 is independently regulated to the linear
transcript, but our current findings cannot give us information about
potential mechanisms linking the two.

As our findings are limited to the middle temporal cortex, fur-
ther studies quantifying IGF2R circRNA in additional cortical re-
gions, such as the parietal cortex are necessary to evaluate its use
as a biomarker for AD and to fully understand the mechanisms of
hsa_circ_0131235 in AD pathogenesis. It would also be of benefit
to assess the localization of hsa_circ_0131235 with regard to both

cell types and subcellular domains using in situ hybridization or
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advanced versions of these techniques such as RNAscope (Wang
et al., 2012). This would begin to address whether there is di-
rect physical involvement of this circRNA with plaque structures
or whether the mechanism of association may be more indirect.
Additional investigations into IGF2R circRNA expression in other
neurodegenerative pathologies are warranted to determine the
disease specificity of this finding, as well as their potential for di-
agnosis and therapeutics.

ACKNOWLEDGMENTS
This project was funded by SEA through institutional start-up funds.

DISCLOSURES
All authors report no disclosures.

AUTHOR CONTRIBUTION

|. Bigarré, Y. Guo, and B.C. Carlyle designed the experiments. I.
Bigarré and B.A. Trombetta performed the experiments. |. Bigarré,
B.A. Trombetta, and B.C. Carlyle analyzed the experiments. I.
Bigarré, B.A. Trombetta, S.E. Arnold, and B.C. Carlyle wrote the
manuscript. S.E. Arnold funded the work.

PEER REVIEW
The peer review history for this article is available at https://publo
ns.com/publon/10.1002/brb3.2048.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from

the corresponding author upon request.

ORCID

Inés M. Bigarré https://orcid.org/0000-0001-6848-9488

REFERENCES

Akhter, R. (2018). Circular RNA and Alzheimer’s Disease. Advances in
Experimental Medicine and Biology, 1087, 239-243.

Barrett, S. P., & Salzman, J. (2016). Circular RNAs: Analysis, expression
and potential functions. Development, 143(11), 1838-1847.

Bennett, D. A., Wilson, R. S., Arvanitakis, Z., Boyle, P. A., de Toledo-
Morrell, L., & Schneider, J. A. (2013). Selected findings from the re-
ligious orders study and rush memory and aging project. Journal of
Alzheimer's Disease, 33, S397-403.

Bihlmeyer, N. A., Merrill, E., Lambert, Y., Srivastava, G. P,, Clark, T. W.,
Hyman, B. T., & Das, S. (2019). Novel methods for integration and
visualization of genomics and genetics data in Alzheimer’s disease.
Alzheimer's & Dementia: The Journal of the Alzheimer's Association,
15(6), 788-798. https://doi.org/10.1016/j.jalz.2019.01.011

Braak, H., Alafuzoff, I., Arzberger, T., Kretzschmar, H., & Del Tredici, K.
(2006). Staging of Alzheimer disease-associated neurofibrillary pa-
thology using paraffin sections and immunocytochemistry. Acta
Neuropathologica, 112(4), 389-404.

Chanprasertyothin, S., Jongjaroenprasert, W., & Ongphiphadhanakul,
B. (2015). The Association of soluble IGF2R and IGF2R gene poly-
morphism with type 2 diabetes. Journal of Diabetes Research. https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC4398942/.  Article ID:
216383

Brai . 7 of 8
rain and Behavior —WI LEYJ—

Open Access,

Cianfarani, S. (2012). Insulin-like growth factor-1I: New roles for an old
actor. Frontiers in Endocrinology, 3. https://www.frontiersin.org/artic
les/10.3389/fendo.2012.00118/full

Dube, U., Del-Aguila, J. L., Li, Z., Budde, J. P, Jiang, S., Hsu, S., Ibanez,
L., Fernandez, M. V., Farias, F., Norton, J., Gentsch, J., Wang, F.,
Dominantly Inherited Alzheimer Network (DIAN), Salloway, S.,
Masters, C. L., Lee, J. H., Graff-Radford, N.R.,Chhatwal, J. P., Bateman,
R. J, ... Cruchaga, C. (2019). An atlas of cortical circular RNA expres-
sion in Alzheimer disease brains demonstrates clinical and pathologi-
cal associations. Nature Neuroscience, 22(11), 1903-1912.

Hansen, T. B. (2018). Improved circRNA Identification by combining predic-
tion algorithms. Frontiers in Cell and Developmental Biology, 6. https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC5844931/. Article ID only: 20

Hansen, T. B., Jensen, T. I., Clausen, B. H., Bramsen, J. B., Finsen, B.,
Damgaard, C. K., & Kjems, J. (2013). Natural RNA circles function as
efficient microRNA sponges. Nature, 495(7441), 384-388.

Jager, P. L. D., Ma, Y., McCabe, C., Xu, J., Vardarajan, B. N., Felsky, D.,
Klein, H. U., White, C. C., Peters, M. A, Lodgson, B., Nejad, P., Tang,
A., Mangravite, L. M., Yu, L., Gaiteri, C., Mostafavi, S., Schneider, J. A.,
& Bennett, D. A. (2018). A multi-omic atlas of the human frontal cor-
tex for aging and Alzheimer’s disease research. Scientific Data, 5(1),
1-13. https://doi.org/10.1038/sdata.2018.142

Kang, H. J., Kawasawa, Y. I., Cheng, F., Zhu, Y., Xu, X., Li, M., Sousa, A.
M. M., Pletikos, M., Meyer, K. A., Sedmak, G., Guennel, T., Shin, Y.,
Johnson, M. B., Krsnik, Z., Mayer, S., Fertuzinhos, S., Umlauf, S.,
Lisgo, S. N., Vortmeyer, A., ... Sestan, N. (2011). Spatio-temporal tran-
scriptome of the human brain. Nature, 478(7370), 483-489. https://
doi.org/10.1038/nature10523

Kar, S., Poirier, J., Guevara, J., Dea, D., Hawkes, C., Robitaille, Y., &
Quirion, R. (2006). Cellular distribution of insulin-like growth fac-
tor-1l/mannose-6-phosphate receptor in normal human brain and its
alteration in Alzheimer’s disease pathology. Neurobiology of Aging,
27(2), 199-210.

Love, M. |, Huber, W., & Anders, S. (2014). Moderated estimation of
fold change and dispersion for RNA-seq data with DESeq2. Genome
Biology, 15(12), 550.

Lukiw, W. J. (2013). Circular RNA, (circRNA) in Alzheimer’s disease (AD).
Frontiers in genetics, 4. https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC3875874/

Mellott, T. J., Pender, S. M., Burke, R. M., Langley, E. A., & Blusztajn, J. K.
(2014). IGF2 Ameliorates amyloidosis, increases cholinergic marker
expression and raises BMP9 and neurotrophin levels in the hippo-
campus of the APPswePS1dE9 Alzheimer’s disease model mice.
PLoS ONE, 9(4). https://www.ncbi.nlm.nih.gov/pmc/articles/PMC39
86048/

Panda, A., & Gorospe, M. (2018). Detection and analysis of circular RNAs
by RT-PCR. Bio-Protocol, 8(6). https://bio-protocol.org/e2775

Perera, B. P. U., Ghimire, S., & Kim, J. (2018). Circular RNA identified from
Peg3 and Igf2r. PLoS ONE, 13(9). https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC6138396/

Piwecka, M., Glazar, P., Hernandez-Miranda, L. R., Memczak, S., Wolf, S.
A., Rybak-Wolf, A., Filipchyk, A., Klironomos, F., Jara, C. A. C., Fenske,
P., Trimbuch, T., Zywitza, V., Plass, M., Schreyer, L., Ayoub, S., Kocks,
C., Kiihn, R., Rosenmund, C., Birchmeier, C., & Nikolaus, R. (2017).
Loss of a mammalian circular RNA locus causes miRNA deregulation
and affects brain function. Science, 357(6357)

Rybak-Wolf, A., Stottmeister, C., Glazar, P., Jens, M., Pino, N., Giusti,
S., Hanan, M., Behm, M., Bartok, O., Ashwal-Fluss, R., Herzog, M.,
Schreyer, L., Papavasileiou, P., Ivanov, A., Ohman, M., Refojo, D.,
Kadener, S., & Rajewsky, N. (2015). Circular RNAs in the mammalian
brain are highly abundant, conserved, and dynamically expressed.
Molecular Cell, 58(5), 870-885.

Rydbirk, R., Folke, J., Winge, K., Aznar, S., Pakkenberg, B., & Brudek, T.
(2016). Assessment of brain reference genes for RT-gPCR studies in


https://publons.com/publon/10.1002/brb3.2048
https://publons.com/publon/10.1002/brb3.2048
https://orcid.org/0000-0001-6848-9488
https://orcid.org/0000-0001-6848-9488
https://doi.org/10.1016/j.jalz.2019.01.011
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4398942/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4398942/
https://www.frontiersin.org/articles/10.3389/fendo.2012.00118/full
https://www.frontiersin.org/articles/10.3389/fendo.2012.00118/full
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5844931/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5844931/
https://doi.org/10.1038/sdata.2018.142
https://doi.org/10.1038/nature10523
https://doi.org/10.1038/nature10523
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3875874/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3875874/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3986048/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3986048/
https://bio-protocol.org/e2775
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6138396/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6138396/

BIGARRE ET AL.

ﬂWl LEY_Brain and Behavior

Open Access,

neurodegenerative diseases. Scientific Reports, 6(1). http://www.na-
ture.com/articles/srep37116

Wang, F., Flanagan, J., Su, N., Wang, L.-C., Bui, S., Nielson, A., Wu,
X., Vo, H. T., Ma, X. J,, & Luo, Y. (2012). RNAscope. The Journal of
Molecular Diagnostics, 14(1), 22-29. https://doi.org/10.1016/j.
jmoldx.2011.08.002

Wang, Z., Xu, P.,, Chen, B., Zhang, Z., Zhang, C., Zhan, Q., Huang, S., Xia,
Z. A., & Peng, W. (2018). Identifying circRNA-associated-ceRNA
networks in the hippocampus of AB1-42-induced Alzheimer’s dis-
ease-like rats using microarray analysis. Aging, 10(4), 775-788.

You, X., Vlatkovic, I., Babic, A., Will, T., Epstein, ., Tusheyv, G., Akbalik, G.,
Wang, M., Glock, C., Quedenau, C., Wang, X., Hou, J., Liu, H., Sun, W.,
Sambandan, S., Chen, T., Schuman, E. M., & Chen, W. (2015). Neural
circular RNAs are derived from synaptic genes and regulated by de-
velopment and plasticity. Nature Neuroscience, 18(4), 603-610.

SUPPORTING INFORMATION
Additional supporting information may be found online in the

Supporting Information section.

How to cite this article: Bigarré IM, Trombetta BA, Guo Y-J,
Arnold SE, Carlyle BC. IGF2R circular RNA hsa_circ_0131235
expression in the middle temporal cortex is associated with AD
pathology. Brain Behav. 2021;11:e02048. https://doi.
org/10.1002/brb3.2048



http://www.nature.com/articles/srep37116
http://www.nature.com/articles/srep37116
https://doi.org/10.1016/j.jmoldx.2011.08.002
https://doi.org/10.1016/j.jmoldx.2011.08.002
https://doi.org/10.1002/brb3.2048
https://doi.org/10.1002/brb3.2048

