Am J Transl Res 2022;14(2):899-908
www.ajtr.org /ISSN:1943-8141/AJTR0131196

Original Article
Let-7c increases BACE2 expression
by RNAa and decreases AB production

Heng Liu*23, Shuai Chen??3, Qian Sun?3, Qingquan Sha*, Yu Tang®, Wenming Jia%3, Long Chen?3, Juan
Zhao?3, Tan Wang?, Xiulian Sun’

1School of Medicine, Cheeloo College of Medicine, Shandong University, Jinan 250012, Shandong, China; 2NHC
Key Laboratory of Otorhinolaryngology, Qilu Hospital of Shandong University, Jinan 250012, Shandong, China;
3Department of Otorhinolaryngology, Qilu Hospital of Shandong University, Jinan 250012, Shandong, China;
“Department of Education, Qilu Hospital of Shandong University, Jinan 250012, Shandong, China; SDepartment
of Neurology, Dezhou People’s Hospital, Dezhou 253000, Shandong, China; ®Department of Geriatric Medicine,
Qilu Hospital of Shandong University, Jinan 250012, Shandong, China; "Brain Research Institute, Qilu Hospital of
Shandong University, Jinan 250012, Shandong, China

Received February 1, 2021; Accepted October 30, 2021; Epub February 15, 2022; Published February 28, 2022

Abstract: MicroRNAs (miRNAs) are highly conserved, non-coding transcripts that regulate gene expression in vari-
ous ways. Evidence suggests that miRNAs may be a contributory factor in neurodegeneration, including Alzheimer’s
disease (AD), Parkinson’s disease (PD), and triplet repeat disorders. In order to further understand the potential
roles of miRNAs in the pathogenesis of AD, we analyzed Down syndrome (DS), a special model of AD, by using a
TagMan microRNA array and found that miRNA let-7¢c was up-regulated in both DS and AD. ELISA assay showed
that let-7c reduced the expression level of AB significantly. Real-time quantitative-polymerase chain reaction (RT-
gPCR) was conducted to reveal that the expression level of let-7c increased dramatically in DS cells, patients with
DS and mice with AD compared with normal ones respectively. Additionally, western blotting illustrated that let-7¢c
suppressed the expression of AB by inducing BACE2 to cut C99 and increase the content of C83/80. BACE2 ex-
pression was inhibited by let-7c and luciferase reporter gene assay revealed that let-7c increased the activity of
wild-type BACE2 promoter but not 3'UTR. Furthermore, promoter analysis of BACE2 confirmed that let-7¢ could bind
to BACE2 in the sequence between -1368 and -1347. In addition, immunoblotting assay demonstrated that let-7¢
induced BACE2 expression by RNAa. To the best of our knowledge, our study revealed for the first time that let-7¢
up-regulated BACE2 expression and decreased AB production.
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Introduction

Alzheimer’s disease (AD) is the most common
form of dementia. It is a progressive, ultimately
fatal and neurodegenerative disease with three
main pathological features: B-amyloid (AB)
plaques, neurdfibrillary tangles and neuron
death [1-4]. AB is derived from B-amyloid pre-
cursor protein (APP) which is cleaved by - and
y-secretase [5]. B-site APP-cleaving enzyme 1
(BACE1) is a B-secretase that cleaves APP at
the B-site in vivo [6]. B-site APP-cleaving enzyme
2 (BACE2), a homologue of BACE1, cleaves APP
at the 6-site and reduces the production of A3
[7, 8]. Gene mutants of APP occurring in various
disease, including presenilin 1, presenilin 2

and Down syndrome (DS), may induce AD, but
the complicated mechanism of AD remains
unclear.

MircroRNAs (miRNAs) are a class of small, sin-
gle-stranded, non-coding RNAs involved in the
post-transcriptional regulation of gene expres-
sion. Many studies reveal that miRNAs partici-
pate in almost all life processes, including onto-
genesis, hematopoiesis, organofaction, apopto-
sis, cell proliferation, and even tumorigenesis
[9]. miRNAs are known to influence mRNA sta-
bility and repress protein synthesis through
base-pairing with the 3’-untranslated region
(3'UTR) of mRNA. Place et al. reported that miR-
373 induced gene expression and identified a
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putative target site of miR-373 in the promoter
of E-cadherin [10].

An AGO2-associated miRNA is able to bind to
complementary regions of the targeted mRNA,
which leads to either AGO2-mediated endonu-
clease cleavage of the mRNA or reduction in its
translation efficiency [4]. RNA interference
(RNAI) is a common negative regulation of
miRNA.

Huang et al. confirmed that endogenous miRNA
mediated RNA activation (RNAa), which played
an important role in normal and tumor cell pro-
liferation [11]. Similar to RNAi, RNAa depends
on AGO2 to exert its roles while other AGO
members including AGO1, AGO3 and AGO4
have little effects on saRNA triggering RNAa
[12, 13]. This is because the trigger of saRNA
requires the AGO2 domain of Piwi to cut the
insignificant strand of the saRNA double chain
and releases it from the AGO2. However, not all
RNAa is dependent on AGO2. For example,
RNAa mediated by miRNA mainly recruits
AGO1 [11, 14]. Turchinovich and Burwinkel con-
firmed that there was no significant bias in
association with a particular AGO for most miR-
NAs. However, several miRNAs clearly present
a preference for association with a specific AGO
protein [15].

In order to analyze the molecular mechanism of
miRNAs in the pathology of AD, we studied the
expression profile of miRNAs in the DS model
cell line, and our findings revealed that let-7c
was highly expressed in DS and AD cells. In
addition, Let-7c apparently reduced AB produc-
tion by targeting the BACE2 promoter and acti-
vated its expression in an unusual way.

Materials and methods
Animals and patients

Eight cases of patients with DS and five cases
of normal controls were granted by UBC
Townsend Family Laboratories. Transgenic AD
mice (B6/JNju-Tg (APPswe, PSEN1dE9)/Nju)
and wild-type mice (C57BL/6JNju) were boug-
ht from Nanjing University’'s Model Animal
Research Center. All procedures to animals
have been permitted by Cheeloo College of
Medicine, Shandong University Animal Care
and Use Committee (Approval No. 21104) and
were in accordance with the Guide for the Care
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and Use of Laboratory Animals issued by the
National Institutes of Health. Mice were anes-
thetized by intraperitoneal injection of pento-
barbital sodium (50 mg/kg) then they were
killed by cervical dislocation. Tissues were
extracted and stored in liquid nitrogen immedi-
ately. The brain samples were provided in cDNA
format by UBC Townsend Family Laboratories.
Besides, all the clinical assays obeyed the ethic
committee of Cheeloo College of Medicine,
Shandong University.

Cells culture and reagents

DS cell line MB1478 (47, XX, +21) and control
cell line UMB115 (46, XX) were obtained from
Maryland University’s brain library. 2EB2
(expressing APP and BACE1 stably) and 20E2
(expressing APP stably) were constructed as
previously described [8]. HEK293 cells were
cryopreserved by our laboratory. All cell lines
were cultured at 37°C in an incubator contain-
ing 5% CO, [7]. The cells were transfected with
plasmids using Lipofectamine 2000 (11668-
027, Invitrogen) according to the manufactur-
er’'s instructions.

Plasmids construction

The expression vectors of Swedish mutant
APP695 (named pZ-APPsw) [16], C99 (named
pAPP-C99) [8], C99 tagged flag (hamed pAPP-
C99Flag) [8] and C83 (named pAPP-C83) [8],
luciferase reporter vectors of APP promoter
(named prhBAPPluc) [17], Kv2.1 tagged flag
(named pKv2.1-Flag) [18], Bacel promoter
(named pB1P-A) [19] and four truncated BAC-
E2 promoters (named pB2Luc-A, pB2Luc-B,
pB2Luc-C and pB2Luc-D) [7] were constructed
as previously described. Sense oligonucleotide
F1 and anti-sense oligonucleotide R1 were
annealed and inserted into pSuper clon-
ing plasmid (VEC-PBS-0002, OligoEngine) to
generate pmiR-let-7c, Sense oligonucleotide
F2 and anti-sense oligonucleotide R2 were
annealed and inserted into pSuper cloning
plasmid to generate pmiR-99a, sense oligonu-
cleotide F3 and anti-sense oligonucleotide R3
were annealed and inserted into pSuper clon-
ing plasmid to generate pmiR-155. Sense oligo-
nucleotide F4 and anti-sense oligonucleotide
R4 were annealed to generate vector pshAGO1
for inhibiting Argonaute 1, sense oligonucle-
otide F5 and anti-sense oligonucleotide R5
generated vector pshAGO2 for inhibiting
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Argonaute 2, sense oligonucleotide F6 and
anti-sense oligonucleotide R6 generated vector
pshBace2 for inhibiting Bace2, sense oligonu-
cleotide F7 and anti-sense oligonucleotide
R7 generated vector pshNCT for inhibiting
Nicastrin. Forward primer F8 and reverse prim-
er R8 amplified BACE1 3’-UTR into pmirGLO
vector (E1330, Promega) to generate lucifera-
se reporter pBACE1-3UTRIluc, forward primer
FO and reverse primer R9 amplified BACE2
3-UTR into pmirGLO vector to generate lucifer-
ase reporter pBACE2-3UTRIuc (Supplementary
Table 1).

Dual luciferase assay

Luciferase activity was measured following a
protocol supplied by the Dual-Luciferase®
Reporter Assay System (E1910, Promega), as
described previously [7].

Low-density microarray and PCR

Total RNA was isolated from the cells using
TRIzol® Reagent (15596018, Invitrogen) with
glycogen at a final concentration of 100 ug/mi
(AM9510, Invitrogen). Human Multiplex RT
Set Pools 1-8 (4384791, ABI) and TagMan®
MicroRNA Reverse Transcription Kit (4366596,
ABI) were used to synthesize the first-stand
cDNA from an equal amount of the RNA sample
following the manufacturer’'s instructions.
TagMan® 2 Universal PCR Master Mix (432-
4018, ABl) and Tagman Low-Density Array
(TLDA) Human miRNA Panel (4384792, ABI)
were employed according to the manufactur-
er's instructions to test the different expres-
sion of miRNAs of the DS or control cell lines.
AmpliTaq Gold® 360 Master Mix (4398881,
ABI) and TagMan® 2 Universal PCR Master Mix
(4324018, ABI) were used to detect the ex-
pression of miRNAs and genes by RT-PCR and

RT-gPCR, respectively (Supplementary Table 2).
AB 40 ELISA assay

The quantity of AB in the cell culture medium
was measured using the AB 40 ELISA kit
(KHB3482, Invitrogen) according to the ELISA
Technical Guide.

Immunoblotting

For immunoblot analysis, the cells were har-
vested and lysed by sonication in a RIPA buffer

901

(150 mM NaCL, 50 MmTris-HCL, 1% TritonX-
100, 2% SDS and 1% sodium deoxycholate) in
the presence of a protease inhibitor cocktail
(04693116001, Roche). Protein quantification
was performed using the Bio-Rad Dc protein
assay kit (Bio-Rad, Richmond, CA, USA). Whole-
cell lysates were separated on 12% glycine
SDS-PAGE gel. The primary antibodies used in
this part were mouse anti-flag monoclonal anti-
body M2 (F1804, Sigma-Aldrich) and rabbit
anti-amyloid precursor protein C-Terminal anti-
body C20 (A8717, Sigma-Aldrich). Mouse anti-
B-actin monoclonal antibody (A1978, Sigma-
Aldrich) was used to detect the protein level of
B-actin as a loading control.

MTT assay

Plating cells in 96-well plate at 10,000 cells per
well for 48 hours. Following the MTT Cell
Proliferation Assay (30-1010K, ATCC) instruc-
tions, 10 yl MTT reagent was added into each
well and incubated for two to four hours until a
purple precipitate was visible. 100 pl detergent
reagent was then added for two hours at room
temperature in the dark. Next, the absorbance
was recorded at 570 nm.

Karyotyping of DS cell lines

5 ug/ml of colchicine was added to the cell cul-
ture for three hours, and the cells were harvest-
ed and swollen in 0.075% KCI for 30 minutes,
then fixed in freshly-made fixative (three parts
methanol to one part glacial acetic acid). The
cell suspension was dropped onto slides, and
the slides were trypsinized with 0.25% trypsin
(59429C, Sigma) for one minute. Giemsa solu-
tion (32884, Sigma) was used to stain the
slides for 10 minutes. The cell karyotype was
then analyzed under a microscope.

Data analysis

All experiments were repeated more than three
times. For Western blotting (WB), the represen-
tative blots are shown in the figures. Gray val-
ues of images were analyzed by Imagel) 1.46r
software. Values are given as means = SD. An
independent-samples t-test was used to com-
pare means of two groups, one-way analysis of
variance (AVOVA) was employed for comparing
means among three or more groups followed by
Dunnett and Bonferroni post hoc test for the
comparison between two groups. The statisti-
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Figure 1. Let-7c increased in DS cell line and reduced generation of AB. A.
Low-density Tagman array performed to identify panels of miRNA expression
in DS cell line MB1478 and normal cell line UMB115; B. 20E2 cells trans-
fected with pmiR-let-7¢, pmiR-99a, pmiR-155 or control, and AB quantity de-
tected by ELISA Assay. "P<0.05, let-7c compared to the control group; C and
D. pZ-APPsw and pAPP-C99 transfected into HEK293 cells with pmiR-let-7¢
or not, respectively, and AB quantity detected by ELISA Assay. "P<0.05, com-
pared to the control group; E. HEK293 cells transfected with pmiR-let-7¢ or
not, respectively, and cell proliferation detected by MTT assay. Values repre-

sent means + SD, n=3.

cal significance was determined with a P value
threshold of <0.05. All experimental data were
analyzed by GraphPad Prism 5 software.

Results
Let-7c reduces generation of AB

MiRNAs are an important regulator of gene
expression, and may relate to the pathology of
AD. We used a natural model of AD, also known
as Down syndrome, to study the mechanisms
of miRNAs for AD. The karyotype of DS cell line
MB1478 was 47, XX, +21 (Supplementary
Figure 1A). A Tagman low-density array (TLDA)
human miRNA panel was performed to test the
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were transfected with pmiR-
let-7c, pmiR-99a, pmiR-155 or
control to confirm whether
let-7c, miR-99a and miR-155
could affect the generation of
AB. An AB ELISA assay show-
ed that let-7c but not miR-99a
or miR-155 markedly reduced
the expression level of AB to
59.11%+3.519 (P<0.05) (Fi-
gure 1B). Let-7c also reduced
the load of AB in HEK293
cells transfected with pZzZ-
APPsw or pAPP-C99 to 77.57%+3.678 (P<0.05)
or 82.73%+3.721 (P<0.05) respectively (Figure
1C, 1D). To verify that the decrease of AB was
caused by let-7c but not by cell death, the cell
proliferation was detected. MTT assay illustrat-
ed let-7c had no effect on the proliferation of
HEK293 cells (Figure 1E). These data demon-
strated that the reduction of A probably result-
ed from the effect of let-7c on the secretase-
cutting of C99, not APP.

Let-7¢ expression panel
A semi-quantitative polymerase chain reaction

(RT-PCR) showed that pre-let-7¢c in the DS cells
increased to 136.2%+4.103 (P<0.05) com-
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Figure 2. Let-7c expression panels in DS cell lines, DS patients and AD mice.
A. pre-let-7¢c expression detected by RT-PCR in DS cell line MB1478 and nor-
mal cell line UMB115. "P<0.05, compared to the normal group; B. Mature
let-7¢c expression detected by RT-gPCR in cell lines MB1478 and UMB115.
“P<0.05, compared to the normal group; C and D. let-7¢ expression detected
by RT-gPCR in DS patients (Patients =8, Normal =5) and AD mice (Models
=12, Normal =8), respectively. "P<0.05, compared to the normal group. Val-

ues represent means + SD, n=3.

pared with the normal cells (Figure 2A). This
was further confirmed by a real-time quantita-
tive-PC (RT-gPCR) of mature let-7c (P<0.05)
(Figure 2B). 21-nucleotide let-7 RNA, which
was first found in C.elegans, regulated develop-
mental timing and played a vital role in brain
development. Total RNAs were extracted from
the brains of 8 DS patients and AD mice. Fir-
stly, the gene-type of transgenic AD mice
(APPsw/PS1AE9) was confirmed (Supple-
mentary Figure 1B). Let-7c in the 8 DS patients
was up-regulated markedly to 186.4%+37.83
(P<0.05) compared with the 5 normal patients
by RT-qPCR (Figure 2C). Consistently, the load
of let-7c in the brains of AD mice was increased
by about 15 times (P<0.05) more than that in
wild-type mice by RT-qPCR (Figure 2D).

Let-7c reduces AB by reducing C99 and in-
creasing C83/80

There are two pathways for APP cleavage: amy-
loidogenic and non-amyloidogenic. A derives
from the amyloidogenic pathway. In the non-
amyloidogenic pathway, cleavage of APP by
o-secretase generates sAPPax and CTFa
(C83) then C83 is subsequently cleaved by
y-secretase to generate P3 and CTFy, prevent-
ing the generation of AB. To further examine the
effect of let-7c on the cutting secretase of AB,
the expression of C99 and C83 was measured
in 2EB2 that HEK293 cells stably transfected
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with both the Swedish mut-
ant APP695 and BACE1 [21].
The result showed that let-7c
reduced the C99 protein to
72.54%+0.026 (P<0.05) while

,\@'& P increased C83 to 123.2%%
O

0.178 (P<0.05) in 2EB2 (Fi-

gure 3A). Also, let-7c marke-

dly reduced C99 to 77.16%+

0.932 (P<0.05) while increas-

ed C83 to 124.8%+3.460
o (P<0.05) in HEK293 cells
¥ transfected with the pAPP-
C99Flag (Figure 3B). These
results demonstrated that let-
7c affected secretase of C99,
such as a-secretase BACE2
[8], but not BACE1. This is con-
sistent with AR ELISA assay
results.

Further confirmation revealed

that the expression of C99
exhibited no difference in HEK293 cells whose
BACE2 was disturbed using pshBace2 (Figure
3C, columns 3 and 4) while C99 was decreas-
ed by let-7c in NCT-disturbed cells (P<0.05)
(Figure 3C, columns 5 and 6). Consistently, the
protein level of C83 i exhibited no difference in
BACE2-disturbed cells transfected with both
pAPP-C83 and pmiR-let-7c but was increased
in NCT-disturbed cells (P<0.05) (Figure 3D).
Another substrate of BACE2, potassium volt-
age-gated channel Shab-related subfamily
member 1, also known as KCNB1 or Kv2.1 [22],
may have been reduced by let-7c in HEK293
cells transfected with pmiR-let-7¢c (P<0.05)
(Figure 3E). These results indicated that let-7c
reduced AR production by inducing BACE2 to
cut C99 and increase C83/80.

Let-7c increases BACE2 expression by target-
ing its promoter

To confirm whether let-7c affects BACE2, total
RNA was extracted from cells transfected with
or without pmiR-let-7c. RT-qPCR assays show-
ed that let-7c increased BACE2 mRNA expres-
sion to 212.0%+1.788 in cells with pmiR-let-7¢c
compared with the control cells (P<0.05)
(Figure 4A). A dual-luciferase reporter assay
system was executed to detect the effects of
let-7c on the promoter and mRNA-3'UTR of
BACE2. Let-7c increased BACE2 promoter
activity to 168.4%+14.080 (P<0.05), with no

Am J Transl Res 2022;14(2):899-908



Let-7¢, RNA activation and AB production

s

- (009
I C33/80 50

"5
== ===-fB-actin ¢ o

2

]
O

o
9) \@

@ &"’

‘ . -C99fla
e

— — — — _B_actin

C
siCon SiBACE2 siNCT
A© A e
C)o(\ & CJOQ & CJC’Q &
. — S— — — S, - (CO9

-C83/80
L- — G S — P-B_actin

D
siCon  siBACE2 sINCT

1\0 1\0 .:\0
000 & OOQ & OOQ &

F s SN s - C83/80
g — S — "'B-actin

100

50
0

% of Con

Figure 3. let-7c reduces AB production by inducing BACE2 to cut C99. A.
2EB2 cells transfected with pmiR-let-7¢ or not, and C99 and C83/C80
protein detected by C20 antibody. “P<0.05, let-7¢c compared to the control
group; B. pAPP-CO9Flag transfected into HEK293 cells with pmiR-let-7c or
not, and C99 and C83/C80 protein detected by C20 antibody. "P<0.05, let-
7c compared to the control group; C. pAPP-C99, pAPP-C99 and pshBACE2,
pAPP-C99 and pshNCT transfected into HEK293 cells with pmiR-let-7¢ or
not, and C99 protein detected by C20 antibody. "P<0.05, let-7¢c compared
to the control group; D. pAPP-C83, pAPP-C83 and pshBACE2, pAPP-C83 and
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APP were also examined, but
let-7c had no effect on them
(Figure 4D-F).

Let-7c¢ induces BACE2 expres-
sion through RNAa

8)
(b\‘b

To further investigate which
region of the BACE2 promoter
is targeted by let-7c, three
deleted constructs containing
different lengths of BACE2
promoter-pB2Luc-B (-446 to
+278), pB2Luc-C (-371 to
+278) and pB2Luc-D (-200 to
+278)-while pB2Luc-A con-
taining the whole promoter
(-1580 to +278) were used
(Figure 5A). A dual-luciferase
reporter assay showed that,
compared with the control
group, let-7c increased the
activity of pB2Luc-A (P<0.05),
but not of pB2Luc-B, pB2Luc-
C or pB2Luc-D (Figure 5B).
The region targeted by let-7c is
located between sequences
-1580 and -446 of the BACE2
promoter. According to homol-
ogous sequence analysis, the
targeted region lies between
sequences -1368 and -1347
(Figure 5C).

RNAa was firstly reported ten
years ago [23]. Since then,
many types of RNAa have
been found [24, 25]. RNAa
requires the Argonaute (AGO)
protein. AGO1 and AGO2
were disturbed using pshA-
GO1 and pshAGO2, respec-
tively (P<0.05) (Figure 5D).
BACE2 mRNA expression in-
creased by let-7c was de-
creased to 53.25%%0.071

pshNCT transfected into HEK293 cells with pmiR-let-7¢ or not, and C83 (P<0.05) in AGO1-disturbed

protein detected by C20 antibody. “P<0.05, let-7c compared to the control

cells, and to 84.83%+0.017

group; E. HEK293 cells transfected with pKv2.1-Flag and pmiR-let-7¢ or not, (P<0.05) in AGO2-disturbed

and KCNB1 protein detected by M2 antibody. "P<0.05, compared to the con-

trol group. Values represent means + SD, n=3.

effect on mRNA-3'UTR (Figure 4B, 4C). The
effects of let-7c on the promoter and mRNA-
3'UTR of BACE1 in addition to the promoter of

904

cells (Figure 5E). C99 down-
regulated by let-7c was in-
creased to 160.9%+0.051
(P<0.05) in AGO1-disturbed cells and to
138.2%+0.050 (P<0.05) in AGO2-disturbed
cells (Figure 5F).
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Figure 4. Let-7c targeted BACE2 promoter. A. HEK293 cells transfected with
pmiR-let-7¢ or not, and BACE2 expression detected by RT-qPCR. "P<0.05,
compared to the control group; B-F. pB2Luc-A, pBACE2-3UTRIuc, pB1P-A,
pBACE1-3UTRIuc and prhBAPPIuc transfected into HEK293 cells with pmiR-
let-7c or not, respectively, and dual luciferase assay performed 48 hours
after transfection. "P<0.05, compared to the control group. Values represent

means * SD, n=3.

Discussion

AD is the leading neurodegenerative disease
while its pathogenesis remains to be uncov-
ered [26]. The discovery of miRNAs was a great
accomplishment in the field of molecular biolo-
gy in the 21th century. One specific miRNA can
bind to multiple mRNAs and can be targeted or
regulated by various miRNAs. miRNAs and
mMRNAs are able to form complicated gene reg-
ulatory network, among which genes may be
expressed in a spatially and temporally specific
manner. Disorder and imbalance in the regula-
tion of miRNAs often cause diseases. However,
little is known about the role of miRNAs in AD.
In this study, we for the first time revealed that
miRNA let-7c was down-regulated in DS pa-
tients and AD mice. Moreover, let-7¢ significant-
ly increased the expression level of BACE2 by
targeting its promotor in the manner of RNAa.
Given the up-regulation of BACE2, let-7c remark-
ably reduced the production of AB by reducing
C99 and increasing C83/80 (Figure 6).

AD is a progressive neurodegenerative disorder
and the most common form of dementia world-
wide. Several studies using profiling techniques
have revealed that various miRNAs were dys-
regulated in AD human brain tissues. Lukiw
used small-scale profiling to elicit the changes
of miRNAs in AD [27]. Since then, several
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3'UTR activity

promotor activity

groups, including the Lukiw

§100 Laboratory, have performed
&-_) large-scale genome-wide stu-
© 50 dies to demonstrate that
= miRNA expression patterns
0 & A are altered not only in the AD

O ¢ brain but also in blood and
cerebrospinal fluid [28-30].

DS is caused by the triplica-

’§100 tion of human chromosome
(&) 21 (HSA21), causing deficits
5 90 in cognitive function and neu-
9_\0, 0! rodegeneration of cholinergic

basal forebrain neurons, a
pathological hallmark of AD
[32]. Therefore, DS is a natu-
ral disease model of AD. A
small-scale profiling study of
the DS cell model revealed 42
miRNAs with statistically sig-
nificant differences, including
let-7c, which is located at chro-
mosome 21. Let-7c, belonging
to the let-7 family and one of the earliest
microRNAs, has a broad range of functions in
plants and animals. Nevertheless, the roles of
let-7c in patients with AD remain unclear. In this
investigation, we found the expression level of
let-7c, miR-99a and miR-155 was decreased
in DS cell line dramatically. In addition, let-7c
was also up-regulated in DS patients and AD
mice.

According to previous reporters, AR deposition
is involved in patients diagnosed with AD and
contributes to the learning in addition to mem-
ory deficiency [33, 34], indicating the vital
effects of AB plaque on AD. Interestingly, we
then found let-7¢c but not miR-99a or miR-155
down-regulated the expression of Awith AD and
contributes to the learning in addition to mem-
ory uced by cell death. Based on these findings,
let-7c may be related to benefits for an organ-
ism with AD even though abnormal expression
of various miRNAs is usually regarded as a det-
rimental factor in the progression of AD [35,
36]. Subsequently, we discovered that let-7c
decreased the protein level of C99 while
increased the level of C83/80 in NCT-disturbed
cells but not in BACE2-disturbed cells, indicat-
ing that let-7c reduces AP production by induc-
ing BACE2 to cut C99 and increase C83/80,
which is in line accordance with previous study
about the formation of Ap [8].
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Figure 5. Let-7c induces BACE2 expression through RNAa. A. Schematic diagram of the structure of BACE2 promoter
and three deleted constructs; B. pB2Luc-A, pB2Luc-B, pB2Luc-C and pB2Luc-D transfected into HEK293 cells with
pmiR-let-7¢ or not, respectively, and dual luciferase assay performed 48 hours after transfection. "P<0.05, com-
pared to the pGL3-Basic group; C. Sequence alignment of BACE2 and let-7¢, with sequences of BACE2 and let-7c
aligned using ClustalW2 software; D. HEK293 cells transfected with pshAGO1 or pshAGO2, and AGO1 or AGO2 ex-
pression detected by RT-PCR. "P<0.05, compared to the control group; E. HEK293 cells transfected with pshAGO1 or
pshAGO2, and BACE2 expression detected by RT-PCR. "P<0.05, compared to the si-control group; F. pAPP-CO9Flag
and pmiR-let-7¢ transfected into HEK293 cells with pshAGO1 or pshAGO2, and C99 protein detected by M2 anti-
body. "P<0.05, compared to the si-control group. Values represent means + SD, n=3.
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Figure 6. Schematic diagram of miRNA let-7c induc-
ing BACE2 expression and inhibiting AB production.

It is well-known that one strand of the miRNA
duplex is loaded onto an AGO2 protein in RNAI-
induced silencing complex (RISC) [4, 37, 38]. Li
et al. first reported and named the RNAa phe-
nomenon, originally observing the positive reg-
ulation of gene transcription and epigenetic
inheritance by small RNAs targeting the gene
promoter and directing the RNA-Argonaute
pathway [23]. Many subsequent studies have
reported similar results [11, 24, 25, 39, 40].
Consistently, our experiments revealed that
disturbing AGO1 or AGO2 inhibited the effect of
let-7c, increased BACE2 mRNA expression and
C99 cutting by BACE2, which confirmed that let-
7c triggered RNAa to exert its functions. Like
the 3’'UTR sequence of mRNA, the promoter
sequence also contains a target site of miRNA.
MiRNA may positively or negatively regulate the
transcriptional activity of the promoter. Analysis
of the promoter-reporter system as well as

APP

C80
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blast sequence was conducted and the results
indicated that the BACE2 promoter had a let-7¢
target site. In addition, truncation promoter of
BACE2 further verified that the let-7c could bind
to BACE2 in the sequence between -1368 and
-1347.

There existed some limitations in our present
investigation. We only uncovered that miRNA
let-7¢c played vital roles in reduction of AR but
we did not confirm whether these effects are
associated with neuron damage in vitro and in
vivo. Furthermore, more explorations should be
employed to verify the clinical functions of
let-7c.

In conclusion, this study is the first to report
that let-7c induces BACE2 expression and inhib-
its AR production through RNAa and compen-
sate for other adverse factors in the AD patho-
logical progress, which provides a potential
target for treatment of AD, although further
studies are needed to explore the effects of let-
7c on BACE2 RNAa.
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Supplementary Table 1. Sequences for pSuper plasmid and primers sequences for PCR cloning

Name

Sequence

hsa-let-7¢ (sense) F1
hsa-let-7¢ (antisense) R1
hsa-mir-99a (sense) F2
hsa-mir-99a (antisense) R2
hsa-mir-155 (sense) F3
hsa-mir-155 (antisense) R3
siArgonautel (sense) F4
siArgonautel (antisense) R4
siArgonaute?2 (sense) F5
siArgonaute2 (antisense) R5
siBACE2 (sense) F6
siBACE2 (antisense) R6
siNicastrin (sense) F7
siNicastrin (antisense) R7

GATCCCCTGAGGTAGTAGGTTGTATGGTTTTCAAGAGAAACCATACAACCTACTACCTCATTTTTA
AGCTTAAAAATGAGGTAGTAGGTTGTATGGTTTCTCTTGAAAACCATACAACCTACTACCTCAGGG
GATCCCCAACCCGTAGATCCGATCTTGTGTTCAAGAGACACAAGATCGGATCTACGGGTTTTTTTA
AGCTTAAAAAAACCCGTAGATCCGATCTTGTGTTCAAGAGACACAAGATCGGATCTACGGGTTGGG
GATCCCCTTAATGCTAATCGTGATAGGGGTTTCAAGAGAACCCCTATCACGATTAGCATTAATTTTTA
AGCTTAAAAATTAATGCTAATCGTGATAGGGGTTTCAAGAGAACCCCTATCACGATTAGCATTAAGGG
GATCCCCCATACACACAGGTGTCTCATTCAAGAGAAAGATGAGACACCTGTGTGTATGTTTTTA
AGCTTAAAAACATACACACAGGTGTCTCATCTCTTGAAATGAGACACCTGTGTGTATGGGG
GATCCCCGGGTAAAGTTTACCAAAGATTCAAGAGAAAGATCTTTGGTAAACTTTACCCTTTTTA
AGCTTAAAAAGGGTAAAGTTTACCAAAGATCTCTTGAAATCTTTGGTAAACTTTACCCGGG
GATCCCCTCGAGTCTGAGAATTTCTTTTCAAGAGAAAGAAATTCTCAGACTCGATTTTTA
AGCTTAAAAATCGAGTCTGAGAATTTCTTTCTCTTGAAAAAGAAATTCTCAGACTCGAGGG
GATCCCCAAGGGCAAGTTTCCCGTGCAGTTTTCAAGAGAAACTGCACGGGAAACTTGCCCTTTTTTA
AGCTTAAAAAAAGGGCAAGTTTCCCGTGCAGTTTCTCTTGAAAACTGCACGGGAAACTTGCCCTTGGG

forward primer F8 for BACE1 3’-UTR CTAGCTAGCGGAGGCCCATGGGCAGAAGA
reverse primer R8 BACE1 3’-UTR ACGCGTCGACGACTTCTTATTGAATATTTTACTG
forward primer F9 for BACE2 3"-UTR CTAGCTAGCTCTCTGGTCAGACATCGCTGG
reverse primer R9 BACE2 3'-UTR ACGCGTCGACTTTTTTCTCATCAAAACATG

Supplementary Table 2. Primers sequences for RT-PCR and RT-gPCR

Name Sequence

pre-let-7c¢ primer forward GCATCCGGGTTGAGGTAGTAG
pre-let-7c primer reverse GCTCCAAGGAAAGCTAGAAGG
Argonautel primer forward GACCTCCGCACGGGTATATG
Argonautel primer reverse GGTTTCCCCACAGTGCCAAT
Argonaute2 primer forward TGGTTTGGCTTCCATCAGTCC
Argonaute2 primer reverse CCTTGTAAAACGCTGTTGCTGAC
BACE2 primer forward GCGGGCTACTACCTGGAGATG
BACE2 primer reverse GTCTATGTGGAGTGCGGGG

B-Actin primer forward GACAGGATGCAGAAGGAGATTACT

APP__ PSEN1

+ - + - + - + -

*12341234

1478, 47xx,+21

Supplementary Figure 1. Karyotyping of DS cell line and Gene-type of AD mice. A. Karyotyping of DS cell line
MB1478 shown with 47 chromosomes; B. Gene-type of transgenic AD mice (APPsw/PS1AE9) and wild-type mice
affirmed by RT-PCR.



