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Series of synthetic coumarin derivatives (1-16) were tested against acetylcholinesterase (AChE) and
butyrylcholinesterase (BChE), two enzymes linked to the pathology of Alzheimer’s disease (AD). Compound 16
was the most active AChE inhibitor with 1Cs5y 32.23 +2.91 uM, while the reference (galantamine) had 1C;,=1.85+
0.12 pM. Compounds 9 (IC5,75.14 £ 1.82 uM), 13 (IC50=16.14+0.43 uM), were determined to be stronger BChE
inhibitors than the reference galantamine (IC50=93.53+2.23 uM). The IC;, value of compound 16 for BChE
inhibition (IC50=126.564+11.96 uM) was slightly higher than galantamine. The atomic interactions between the
ligands and the key amino acids inside the binding cavities were simulated to determine their ligand-binding
positions and free energies. The three inhibitory coumarins (9, 13, 16) were next tested for their effects on the
genes associated with AD using human neuroblastoma (SH-SY5Y) cell lines. Our data indicate that they could be
considered for further evaluation as new anti-Alzheimer drug candidates.

Keywords: Alzheimer’s disease, cholinesterase inhibition, coumarin, molecular modeling, SH-SY5Y, biological
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Introduction lems, thinking and behavioral disabilities, seriously

Alzheimer’s disease (AD), the most common type of worsening their daily life/*3] At the moment, only

dementia, is a neurological disorder with progressive
and irreversible character that mainly affects the
elderly population over 60-year-old. AD is ranked as
the 6" leading cause of death in the United States
(US). On the other hand, the US Alzheimer’s Associa-
tion estimates that the incidence of AD would increase
up to 13.8 million by 2060 country,!! AD patients
gradually experience memory loss, language prob-

symptomatic treatment is available. The current drugs
are mostly cholinesterase (ChE) inhibitors and N-meth-
yl-D-aspartate (NMDA) receptor antagonists, e.g.,
memantine. ChE family consists of two sister enzymes,
e.g., acetylcholinesterase (AChE, EC 3.1.1.7) and butyr-
ylcholinesterase (BChE, EC 3.1.18). Since acetylcholine
(ACh) deficiency has been confirmed in the brains of
AD patients, inhibition of AChE, the enzyme that
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hydrolyzes ACh, is considered one of the main
important treatment strategies against AD.! On the
other hand, excess amounts of BChE and BChE-
associated amyloid plaque formation has been de-
scribed in AD pathology.”! Thus, BChE inhibition has
also become another therapeutic target for AD. Surely,
other mechanisms, such as oxidative stress, mitochon-
drial dysfunction, and metal accumulation are involved
in the complex pathology of AD.%”]

The current ChE inhibitory drugs, such as rivastig-
mine, tacrine, donepezil, and galantamine, have
numerous side effects.® Consequently, extensive
research to find novel ChE inhibitors with fewer side
effects and enhanced efficiency is needed. For in-
stance, many coumarin derivatives have been reported
to possess promising inhibitory activity®'® and the
ability of the 2H-chromen-2-one core to fit the
enzymatic site have been proved.'"'? Previously,
series of natural coumarins (imperatorin, xanthotoxin,
bergapten, pteryxin, hyuganin C, etc.) along with
semisynthetic alkylated derivatives with encouraging
inhibition against both ChEs enzymes have been
investigated by our collaborative group.®~'® In the
light of this evidence, the aim of this study was to
investigate ChE inhibitory activity of synthetic coumar-
in derivatives that were obtained in previous research
(1-16, Table 1)!'"! through a combinatorial approach
using microtiter plate assays, cell culture experiments
via SH-SY5Y cell lines, and molecular docking simu-
lations.

Results and Discussion
ChE Inhibitory Activity of the Coumarins (1-16)

Previously synthetized novel coumarin derivatives (1-
16) were screened for their ChE inhibitory activity.
Results indicated that all of them were able to inhibit
both ChEs at varying levels as tabulated in Table 2.
Among them, coumarin derivatives 2, 4, 9, 11, 12, 13,

ACRE

FEnergy [keal fmol

-10 T T T T
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15, and 16 had AChE inhibition over 50% at 100 ug/
mL. As indicated by their 1Csy values, the highest
inhibition against AChE was produced by compound
16 (IC;,=32.234+2.91 uM). In comparison the ICs,
value of galantamine was 1.85+0.12 uM). On the
other hand, compounds 5, 9, 13, and 16 could also
inhibit BChE, while compounds 5 and 16 had a higher
ICso value (IC50=195.04+3.15 uM and 1C5;=126.56 +
11.96 uM) than that of galantamine (IC5,=93.53+
2.23 uM). These findings revealed that 7-hydroxy-4-
propyl-coumarin (9), methyl 2-[2-((4-propyl-2-oxo-2H-
chromen-7yl)oxy)acetyllhydrazine-1-carbodithioate
(13), and 7-ethoxy-4-propyl-2H-chromen-2-one (16)
could promisingly block both of ChEs. The selectivity
index (SI) of these three compounds were 0.31, 0.43,
and 3.93, respectively.

Molecular Docking Simulation of the Coumarins (1-16)

To have a better insight into the molecular mechanism
of action, the ligand-protein interactions were simu-
lated and the binding energies of all tested com-
pounds inside AChE and BChE were estimated using
docking simulations. All the docking scores fell into an
acceptable range of binding energies and the com-
pounds were therefore stable enough to bind strongly
to the cavities as shown in Figure 1.

2D ligand-protein diagrams were reported in Fig-
ure 2, in which the active-site amino acids forming
polar and nonpolar interactions with the ligands were
shown. Amino acids around the ligands were classified
by different colors according to their polarizability.
Hydrogen bonds, mt-it stacking, and salt bridges were
among the most important interactions between the
ligands and the binding domains. Both compounds 9
and 16 were firmly stabilized inside AChE by m-m
stacking interactions and a hydrogen bond through
Trp286 and Phe296, respectively. In addition to these
amino acids, other neighboring hydrophobic amino
acids also contributed to the interactions and shaped

BChE

2 1 ] 11 12 13

Compounds [No. |

T T T T T T
5 1t b ] 13 L6
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Figure 1. Docking scores of the active compounds inside the binding cavities of AChE and BChE targets.

www.cb.wiley.com (2 0f 11) e202200315

© 2022 Wiley-VHCA AG, Zurich, Switzerland

858017 SUOWWOD BAIe.D 3(qeoljdde ayy Aq peusencb a1 3ol VO '8sN JO S9|NJ 10} A%euq i 8UIIUQ A1 UO (SUOTHPUOO-PUR-SWBIL0D" A3 1M ARIq 1 U1 UO//SdNL) SUORIPUOD pue SWwie 1 8y} 88S [202/S0/yT] Uo Akeidiauluo A8Im ‘AisieAun N9 WeliNpaY Aq STE002Z02"APA9/Z00T OT/I0pW00 A8 |m ARe.d 1jeul Uo//:Sdny wouy pepeojumoa ‘ZT ‘2202 ‘088TZTOT


www.cb.wiley.com

7-((5-Mercapto-1,3,4-thiadiazol-2-yl)methoxy)-4-
methyl-2H-chromen-2-one

oA i CHEMISTRY &
Chem. Biodiversity 2022, 19, €202200315 > SRR
Table 1. Chemical structures of the coumarin derivatives (1-16).
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Table 1. (cont.)

Compound Structure

Compound Structure
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Table 2. ChE inhibitory activity (inhibition % and 1Cs, values) of the coumarins (1-16).

Compound Enzyme Inhibition (Inhibition %+ S.D.?) at 100 pg/me and IC5, values Selectivity index (Sl)
AChE BChE

1 32.18+0.86 40.65+3.15 §¢

2 50.11£1.89 22.26+3.26 §
(ICso=532.10+21.67 pM)

3 47.881+1.88 17.01+0.45 §

4 5497 +4.02 748+1.75 §
(ICso=247.33412.06 pM)

5 26.47 £1.60 61.06+0.27 §

(ICso=195.0443.15 uM)

6 46.85+1.31 23.73£+1.02 §

7 43414048 11.97+£0.15 §

8 34.18+2.99 39.66+2.54 §

9 66.49 +0.64 93.09+0.76 0.31
(ICso=239.70 4 11.84 pM) (ICso=75.14+1.82 pM)

10 13.064+0.39 7.05+0.95 §

11 62.681+0.76 12.50+2.33 §
(ICso=109.9141.56 uM)

12 70.90+1.88 16.48 +2.63 §
(ICso=91.62 +7.69 pM)

13 79.41+£1.27 98.77 £0.16 043
(ICso=37.47 £0.87 uM) (ICso=16.14+0.43 pM)

14 43654271 9.01£2.32 §

15 81.01+1.68 38.35+1.59 §
(ICso=53.09 +3.77 uM)

16 73.01£0.57 53.82+1.32 3.93
(ICso=32.23+£2.91 pM) (ICso=126.56411.96 uM)

Reference? 97.11+£1.26 77.94+1.02 50.68

(ICso=1.85+0.12 uM)

(ICs9=93.53+£2.23 uM)

2 Standard deviation (n=3). ® Final concentration, < Not applicable.

d Galantamine hydrobromide (100 pg/mL).

the binding cavity with the best possible positions for
the ligand to form strong interactions. The 2D binding
positions of the compounds 9 and 13 bound to the

active site of BChE were shown in Figure 2. The results
demonstrated that BChE was able to properly accom-
modate both bulky and extended ligands. Pro285 and
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Figure 2. 2-D schematic views of the complexes 16-AchE (a), 13-BChE (b), 9-AChE (c) and 9-BChE (d), which are considered as the
most stable ones. The active site amino acids within 4 A of the ligands forming polar and non-polar interactions were shown in the

diagrams.

Thr120 established a tight salt bridge and a hydrogen
bond with the polar domains of the ligands. The
critical role of a water molecule inside the binding
domain forming a salt bridge with the oxygen atom
linked to the ring domain is shown in Figure 2.

Based on the simulated interactions, the ring and
the extended segments of the ligands are suggested

to play an effective role in stabilizing the inhibitors
inside both AChE and BChE cavities. In addition to the
2D diagrams, the 3D positions of the compounds 13
and 16 inside AChE and BChE were rendered to show
the 3D angles of the amino acids and the ligands with
respect to each other, as shown in Figure 3.

Figure 3. 3-D schematic views of the compounds 16 and 13 inside the active sites of the AChE and BChE targets. The diagrams
show the docking positions of the ligands and the key active site amino acids around the ligands in 3-D forms.
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Effect of the Coumarins on SH-SY5Y Cells

In order to investigate the effects of the three active
coumarin derivatives (9, 13, and 16) on the genes
associated with AD and discover molecules that may
have more potent effects than the current drugs used
in AD treatment, further experiments were performed.
For this purpose, the non-toxic concentrations of these
compounds on SH-SY5Y cells, widely used in AD
studies, were determined. The ECy, and ECyg values of
the coumarin derivatives were determined by the
crystal staining method.

As tabulated in Table 3, ECy, and ECyg values for 9,
13, and 16 were calculated as 0.80 uM and 1.05 puM,
0.45 uM and 0.75 uM as well as 3.28 uM, and 4.75 uM,
respectively. When the cytotoxicity of these com-
pounds on SH-SY5Y cells was compared, it was
observed that 13 is almost 4- and 7- times more toxic
than 9 and 16, respectively.

The expression level of nine genes changed
significantly after the treatment of the cells with the
ECys of the compound 16. A statistically significant

Table 3. ECy, and ECyg values of the coumarins 9, 13, and 16 in
SH-SY5Y cells.

Tested coumarins ECos (LM) ECyg (LM)
9 0.80 1.05
13 0.45 0.75
16 3.28 4.75

( CHEMISTRY &
BIODIVERSITY

change was observed in the expression level of five
genes after the treatment with ECyg of the compound
16. In addition, no significant change was observed in
the expression levels of the studied genes at the ECy,
of compound 9, while a statistically significant change
was observed in the expression level of 6 genes after
the treatment with ECyg of compound 9 (Table 4).
Thus, considering the AD treatment, compound 16
was more effective at low concentrations, as opposed
to compound 9, which was more effective at the
higher concentration. This could be considered as an
advantage for compound 16, since it could exert
desired actions without adverse effects due to the
possible use of low concentrations. AD is the most
common neurological disorder globally, and the
increasing course of the disease continues."® Since
the currently available agents cannot provide an
efficient treatment, it is essential to search for new
drugs that can be used to treat AD. Coumarin
derivatives are remarkable bioactive compounds, with
recent studies proving their anti-cancer, anti-HIV, anti-
inflammatory,  antibacterial, and  anticoagulant
activities.'”=22 In addition, numerous coumarins have
been reported to have neuroprotective effects,'%3!
with several of them exerting anti-Alzheimer potential
via inhibition of AChE activity.”'3->) Screening of the
synthesized coumarin derivatives (1-16) indicated that
all of them were able to inhibit both ChEs at different
levels. There seems to be no direct relation between
the structure of the tested coumarins and their

Table 4. The expression level of the selected genes in the SH-SY5Y cell lines?®.

Genes GenBank 16 (ECy,) 16 (ECyg) 13 (ECys) 13 (ECqyg) 9 (ECys) 9 (ECyg)
Beta-Amyloid Related

APP NM_007471 —2.81+0.21° 1.944+0.09 1.07+0.26 —1.22+£0.13 1.36+0.29 —1.224+0.20
PSEN1 NM_000021 —7.62+0.56 1.05+0.12 1.254+0.21 —1.59+0.28 1.55+0.09 —3.07+0.06
Lipid Metabolism

ABCA7 NM_019112 —4.72+0.52 3.08+0.43 1.13+0.18 1.30+0.26 1.32+0.16 —1.53+0.09
APOE NM_000041 —6.13+0.61 1.144+0.19 1.1240.21 —1.29+£0.18 —141+£0.35 —3.61+0.26
CLU NM_001831 —6.33+0.89 —3.89+0.37 —1.75£0.21 1.35+0.27 1.20+0.26 —2.89+0.17
Cellular Signaling

BIN1 NM_139343 —5.16+0.43 —1.36+£0.32 —1.04£0.16 1.34+0.19 1.09+0.11 1.06+0.18
CD2AP NM_012120 1.794+0.31 1.214+0.23 1.79+0.18 1.21+0.24 1.84+0.06 1.194+0.21
PICALM NM_007166 —5.62+0.65 1.05+0.20 -1.4+£0.17 1.244+0.19 1.13+0.29 —2.69+0.17
Innate Immunity

CR1 NM_000573 —144+0.16 8.341+0.81 1.38+0.42 1.331+047 1.40+0.15 2.03+0.19
CD33 NM_001772 1.354+0.32 1.054+0.27 1.024+0.22 1.094+0.31 1.78+£0.07 1.71+0.20
Others

MMP9 NM_013599 —-17.2+0.97 —2.91+0.31 —1.27+£0.14 —1.34+0.21 1.48+0.30 1.261+0.31
SORL1 NM_003105 1.224+0.06 1.36+0.19 —-1.18+£0.23 1.36+0.28 —1.27+£0.34 —1.05+0.23

2 The results were normalized according to ACTB expression. ® The values that differ significantly from control were highlighted in

bold.
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activity; however, when compared to their 4-methyl
analogs with exactly the same substitution at C7, the
4-propyl analogs, e.g., 9, 13, and 16 were much
stronger inhibitors against both AChE or BChE; thus, it
can be implied that C4 substitution with longer
aliphatic moiety might enhance the inhibitory activity.

After determining the highest safe non-toxic con-
centration (~ECy4-og) Of the tested compounds on the
SH-SY5Y cell lines, their effect on the expression level
of fourteen genes known to be associated with AD
was investigated. The changes in the expression level
of these genes involved in beta-amyloid pathology,
lipid metabolism, innate immunity and cellular signal-
ing related to AD were investigated for compounds
16, 13, and 9. As compared to the control cells, no
significant change in the gene expression level after
treatment with compound 13 at ECy, and ECyg was
observed. This might indicate that compound 13 was
not adequate for AD disease at the studied concen-
trations (Table 3).

AD is usually caused by rare and high rates of
mutations in the amyloid beta precursor protein (APP),
presenilin 1 (PSEN1), and apolipoprotein E (APOE).
These genes alter the production of AP peptide, in
senile plaques.Z?4 A significant decrease in the
expression of APP, PSEN1, and APOE genes, which are
known as an essential risk factor for late-onset familial
AD, was observed after treatment at EC,, of com-
pound 16. No significant difference was observed at
ECyg dose of the compound 16, as compared to the
non-treated control.

In addition, we observed the inhibitory effect of
compound 9 at ECyg on the PSEN1 and APOE gene
expression. Although their metabolic roles are differ-
ent, these genes have a common mechanism in AD
development. Suppression of PSEN1 and APOE genes
with the treatment of test compounds (16 and 9) in
SH-SY5Y cells strongly suggests that it might inhibit
the accumulation of AB. In addition, a paradoxical
effect was observed by the ECy, and ECygs of com-
pound 16. It has been previously reported that
bidirectional and paradoxical reactions can occur
entirely at appropriate doses or independently.?>!

Significant progress in the identification of genes
that are associated with AD has recently been noticed.
Genome-wide association studies (GWAS) are essential
in identifying disease-associated genes in diseases
with complex characteristics such as AD.?%! In these
studies, changes were found in some genes such as
Clusterin (CLU), Bridging Integrator 1 (BIN1) and the
ATP-Binding Cassette Transporter A7 (ABCA7), which
are also linked to cholesterol metabolism and

( CHEMISTRY &
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endocytosis.”’?® Increased BIN1, CLU and ABCA7
expression levels were associated with APP
accumulation.?” We have detected a significant
decrease in CLU, BIN1 and ABCA7 expression with the
compound 16 treatment at the dose of ECy,. In
addition, treatment at the ECyg dose of compound 9
resulted in a decrease in CLU expression. Thus,
compounds 16 and 9 promote changes in levels of
these genes’ expression, favoring inhibition of the
accumulation of AP. These alterations in the expres-
sions of BIN1, CLU and ABCA7 suggest that com-
pounds 16 and 9 depict protective and therapeutic
effects against AD pathogenesis.

It has been shown that complement receptor 1
(CR1) expression is processed differently in brain
tissues, leading to disparity at functional molecule
levels, being a crucial factor for AP plaque
clearance.®% Similarly, another study has reported that
increased CR1 expression may be protective due to
the increased number of CR1 molecules available to
clear AP plaques.P" This study has also documented
an increase in CR1 expression level with both com-
pounds 16 (at ECy,, dose) and 9 (at EC,s dose)
treatment SH-SY5Y cells. These findings may further
support the protective and therapeutic effect of these
compounds against AD.

One of the genes identified as one of the
susceptibility loci for late-onset AD in GWAS is the
phosphatidylinositol binding clathrin assembly protein
(PICALM).2”} PICALM is an adapter protein that modu-
lates brain AP pathology and tau accumulation and
plays critical roles in clathrin-mediated endocytosis
and autophagy.*? It has been shown that the
reduction of PICALM expression has significant effects
on the processing of APP, which may be benéficial for
slowing or preventing the development of AD via
reducing endocytosis and secretase activity.>3! The
decrease in PICALM expression level observed in the
present study after treatment with compounds 16 and
9 may further indicate that they are essential in
slowing the development of AD. Matrix metalloprotei-
nases (MMP) are other genes thought to play a role in
the pathophysiology of AD disease.>¥ MMP-9 are
associated with immunological and cardiovascular
diseases, cancer, and pathological processes affecting
the central nervous system.>-38 |n recent studies,
MMP-9 has been shown to play a role in the
physiological catabolism of AB.*¥ The strong inhib-
itions observed in the expression of MMP-9 with
compound 16 could be accepted as induction of
immune responses in such a way to increase brain
resistance to amyloid accumulation.
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Conclusions

The current study investigated the ChE inhibitory
capacity of a series of synthetic coumarins, along with
the in vitro transcriptional effects that might be further
considered in the treatment of AD. Since none of the
drugs currently used in AD treatment can provide a
complete cure, it is crucial to find new therapeutic
drugs. Three strongest ChEs inhibitors (9, 13, and 16)
displayed proper interactions in the amino acid
residues located in the active gorge of both AChE and
BChE. In conclusion, the results presented in this study
strongly support two compounds, namely 7-hydroxy-
4-propyl- coumarin (9) and 7-ethoxy-4-propyl-2H-chro-
men-2-one (16), as the most effective coumarin
derivatives for further studies for AD therapy.

Experimental Section
Microtiter Assays for ChE Inhibition

AChE and BChE inhibitory activities of the previously
synthesized compounds!"” were determined by the
slightly modified spectrophotometric method devel-
oped by Ellman etal. ) Briefly, 140 uL of sodium
phosphate buffer (pH 8.0), 10 uL of DTNB (5,5-dithio-
bis-2-nitrobenzoic acid), 20 pL of the test solution and
20 L of AChE/BChE solution were added by multi-
channel automatic pipette (Gilson pipetman, France)
in a 96-well microplate and incubated for 10 min at
25°C. The reaction was then initiated by addition of
10 uL of acetylthiocholine iodide/butyrylthiocholine
chloride. Hydrolysis of acetylthiocholine iodide/butyr-
ylthiocholine chloride was monitored by the formation
of the yellow 5-thio-2-nitrobenzoate anion as a result
of the reaction of DTNB with thiocholines which was
catalyzed by the enzymes. Galantamine hydrobromide
was used as the reference drug.

The enzyme inhibition assays were carried out
using a 96-well microplate reader (VersaMax Molecular
Devices, USA). The measurements and calculations
were evaluated by using Softmax PRO 4.3.2.LS soft-
ware. The inhibition percentage of AChE and BChE
was determined by comparison of the reaction rates of
samples vs. blank sample using the formula % =100 -
[(A;/A;) x100], where A, is the absorbance of the
sample solutions at 412 A, is the average absorbance
of the control solutions at the same wavelength. The
results are given as mean + standard deviation (S.D.)
of the % inhibitions obtained from three parallel
experiments. Selectivity index (SI) values, also known

( CHEMISTRY &
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as AChE selectivity index of the compounds, which
had IC;, values against both enzymes, were calculated
through IC5, BChE/IC50 AChE affinity ratio.

Molecular Docking Experiments

Crystal structures of AChE and BChE were retrieved
from the protein data bank (PDB) with the IDs of
4 MOE"" and 4TPK,"*? respectively. Extra water and co-
factor molecules were removed from the systems and
the dimensions of the co-crystal ligands were used to
detect the ligand-binding domains for the docking
simulations.”®! A single chain was selected for each
protein and the missing side-chain and backbone
atoms were added using the protein preparation
wizard of Maestro,* and the total energies of the
systems were minimized to remove any possible
clashes between the atoms. The ionization of the
systems was set to a biological pH. chemical structures
of the ligands were sketch in Maestro and their 3D
structures were generated in the LigPrep module of
Maestro.**! The default parameters, ionizer, and OPLS3
force field were used for the calculations.

Cell Culture Experiments
Cell Culture

SH-SY5Y, a human neuroblastoma cell line, was
cultured in Dulbecco’s Modified Eagle Medium/Nu-
trient Mixture F-12 (DMEM/F-12) supplemented with
10% heat-inactivated fetal bovine serum (FBS) and 1%
antibiotics. Cells were incubated at 37 °C with 5% CO,
in a humidified atmosphere.

Cell Viability Assay

SH-SY5Y cells were seeded at an initial density of 5x
10 cells/well in 96-well plates and allowed to attach
overnight in DMEM/F12 medium with necessary
supplementation. The cells were treated with solvent
(DMSO), as a control, and varying concentrations of
test compounds (1-16). Then, the cells were incubated
in humidified 5% CO, atmosphere at 37°C. After 24 h
incubation, the medium was discarded and 0.5%
crystal-violet (w/v; in 50% methanol) solution was
added. Plates were incubated for 10 min at room
temperature, washed with water and adsorbed dye
was eluted out with Na-citrate (0.1 M Na-citrate in
50% ethanol, pH 4.2). The absorbance was measured
at a wavelength of 600 nm which was proportional to
cell viability. Net absorbance (blank substracted) was
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used to calculate the percentage of cell viability with
respect to control (untreated cells).!*®’

RNA Isolation and Real-Time RT-PCR

Total RNA was isolated from the control and treated
cells using RNeasy Plus Universal Mini Kit (Qiagen)
according to the manufacturer instructions with slight
modifications. RNA concentration was determined
using Nanodrop (MaestroNano Micro-volume Spectro-
photometer, USA) and total RNA (1 ug) was used in
reverse-transcription (RT) reactions, using Easy Script
cDNA Synthesis Kit (ABM). Gene expression was
analyzed by Exicycler 96 Thermal Block from Bioneer
(Korea) with KiloGreen 2X gPCR Master Mix (ABM,
Canada) using gene-specific primers. The gene-specific
primer sequences are shown in Table 5. Changes in
MRNA expression of the different genes were normal-
ized with p-actin. The relative expressions at the
mMRNA level were quantified by the 2724 method."”!

Statistical Analysis

Statistical calculations were performed using the
Minitab 13 statistical software bundle (Minitab, Inc.,
State College, PA, USA). The results were expressed as
means, including their standard error of means (SEM).
Student’s t-test was applied and *P < 0.05 was chosen
as the level of statistical significance.

Abbreviations

ABCA7 ATP-Binding Cassette Transporter A7; ACh
acetylcholine; AChE acetylcholinesterase; AD Alz-
heimer’s disease; APOE apolipoprotein E; APP amyloid

Table 5. Gene-specific primer sequences.
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beta precursor protein; BChE butyrylcholinesterase;
BIN1 Bridging Integrator 1; ChE cholinesterase; CLU
clusterin; CR1 complement receptor 1; DMEM/F-12
Dulbecco’s Modified Eagle Medium/Nutrient Mixture
F-12; DMSO dimethyl sulfoxide; DTNB 5,5-dithiobis(2-
nitrobenzoic acid); FBS fetal bovine serum; GWAS
genome-wide association studies; IR infrared spectro-
scopy; NMDA N-methyl-D-aspartate; NMR nuclear
magnetic resonance spectroscopy; MMP Matrix metal-
loproteinases; PDB protein data bank; PICALM phos-
phatidylinositol binding clathrin assembly protein;
PSENT presenilin 1; SEM standard error of means.
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Gene Name Forward Sequence Reverse Sequence ™

ACTB GCCGCCAGCTCACCAT GATGCCTCTCTTGCTCTGGG 59.00
APP GCCCTGCGGAATTGACAAG CCATCTGCATAGTCTGTGTCTG 62.00
MMP9 GGGACGCAGACATCGTCATC TCGTCATCGTCGAAATGGGC 62.00
PSEN1 GCAGTATCCTCGCTGGTGAAGA CAGGCTATGGTTGTGTTCCAGTC 54.50
APOE GGGTCGCTTTTGGGATTACCTG CAACTCCTTCATGGTCTCGTCC 54.50
CLU TGCGGATGAAGGACCAGTGTGA TTTCCTGGTCAACCTCTCAGCG 54.50
CR1 TAGGTGTCAGCCTGGCTTTGTC GACATCTGGAGGTGGCTGACAT 54.50
PICALM GGCAGCATTAGAGGAAGAACAGG CTGCTGAGGTGGATACAGGAGA 54.50
BIN1 CGTCAACACGTTCCAGAGCATC CTTGACCGTGAAGGTGTTGCTC 54.50
ABCA7 CACTCTTCCGAGAGCTAGACAC CTCCATATCTGTGTCCGCAGCA 54.50
CD33 GTGACTACGGAGAGAACCATCC GCTGTAACACCAGCTCCTCCAA 54.50
CD2AP CCAAAGCCTGAACTGATAGCTGC GGACTTGTGGAGCTGCTGGTTT 54.50
SORL1 GAACACCTGTCTTCGCAACCAG TGTCCAGGTCACAGATGGTGGT 54.50
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