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Preparation of the Cells Transfected with Human APPsweg,s

Gene and the Determination of AP Production

Tao Pengfei, Zhao Yue, Song Xijun, Huang Hanchang*
(Beijing Key Laboratory of Bioactive Substances and Functional Foods, Beijing Union University, Beijing 100191, China)

Abstract  Alzheimer’s disease (AD) is a neurodegenerative disorder, and amyloid-p (AB) precursor protein
(APP) is related to AD development. In this study, we developed a cell line that stably expressed 4PP gene with
Swedish mutation (APPswegos cells) and the production of amyloid-f§ was investigated. The expression plasmid
with expressing 4PPswesos gene was transfected into SH-SYSY cells mediated by lentiviral vector. The gene ex-
pression of APPswegos was confirmed at the levels of transcription and translation. The location of APP was ana-
lyzed by the method of immunocytochemistry. AP peptide, a product derived from APP by B-cleavage, was detected
by the method of enzyme-linked immunosorbent assay (ELISA). The results indicated that APPsweos cells could
transcribe the mRNA and translate the protein of the transfected APPswegs gene. The Swedish mutant protein of

APPgos (APPswegos) had the same cellular distribution as endogenous APP;,. Interestingly, APPswe cells are in-
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clined to generate more intracellular but not extracellular AB. In general, these results indicated that APPswegos

cells can express the transfected APPswess gene and that APPswegos is prone to generate more intracellular but not

extracellular AB. This study implied that the APPsweqs cells can be used to investigate the pathogenesis and

drug therapy of Alzheimer’s disease.
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#1 qRT-PCREIS|HFF)
Table 1 Primer sequence of qRT-PCR

ElEZEL S FFH)(5'—3") P (bp)
Primer name Sequences (5'—3") Products (bp)
APPswegs F CTC TGAAGT GAATCT GGA TG

APPsweeos R TGA TGA ATG GAT GTG TAC TG 201

APPioa F CCC GCT GGT ACT TTG ATG TGA 157

APPu R AGA GGT TCC TGG GTA GTC TTG AGT

GAPDH F ACG GAT TTG GTC GTATTG GG

GAPDH R CCT GGAAGATGG TGATGG GAT T 210

APPswegos F/RNAPPswegos RASHEFEAN E R 514, APPow F/RNITA APPES A K Nl 5140, GAPDH F/R N

WZE BT Es1 .

The APPswegos F/R is the upstream and downstream primer set for the mutation transcript of APPswegos, and the APPq

F/R is the upstream and downstream primer set for all transcripts of APP. GAPDH F/R is the upstream and downstream

primer set of the internal reference gene.
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Fig.1 Bright and fluorescence images before and after cells were transfected with target gene
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A: PCRY™ 475 M L (D HRE—3F); B: PCRP= A i L& (e R B0 7B FE R 53 (AF /A T) — L) «
A: curve of PCR amplification (fluorescence intensity vs cycle); B: PCR melt curve (differential fluorescence intensity (dF)/temperature (dT) vs tem-

perature (degree)).

[E2 GAPDH cDNA PCRI 18F01A %
Fig.2 GAPDH c¢DNA PCR fluorescence intensity and melt curve
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A: curve of PCR amplification (fluorescence intensity vs cycle); B: PCR melt curve (differential fluorescence intensity (dF)/temperature (dT) vs tem-

perature (degree)).

B3 MIEMEAPP cDNA PCRY A fEEN LK
Fig.3 Endogenous APP ¢cDNA PCR fluorescence intensity and melt curve
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A: curve of PCR amplification (fluorescence intensity vs cycle); B: PCR melt curve (differential fluorescence intensity (dF)/temperature (dT) vs tem-

perature (degree)).

[El4 APPswess cDNA PCRI[ HEFNIA AR AL
Fig.4 APPswes; cDNA PCR fluorescence intensity and melt curve
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Fig.5 Bands of PCR products separated by agarose gel electrophoresis
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Fig.6 Bands of APP separated by Western blot
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A: nucleus stained with Hochest 33342, fluorescence images of APP and DIC filed images; B: immunofluorescence intensity of total APP; C: immunofluo-
rescence intensity of APP in membrane; D: the ratio of membrane APP to the total APP. ¥*P<0.05, APPswegos cells vs wild-type SH-SY5Y cells.
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Fig.7 APP distribution in membrane and cytoplasm
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Neo-null cells.
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Fig.8 The content of Ap by ELISA analysis

Xof 8 41 B 5 B A= RUSH-SY SYAH Eb, 4 i P R0 248 it 355
FRWHABM S EHEA ST ¥ %R . 5B A RISH-
SYSY ul 4% 42 5k (INeo X HE 21 Jid 4 b, APPswesos
AU N ABLao FIAB L 1 F B 5 _ETF, T i 4R ks
TR AR MAB L 7 B H A W 3 22 7 (K18).
XHEIR, e e APPswegos 5 K Ji5 A Mo 7= AE T 2 B Y
AB, T BB AN AR MK T E1 %A BH BARE

3 g

APPEIBL S NS & (1, JLAEW 22 ThRe H el A
FREFE. WFFER W, APPSR 5 AD K I LI 25 V) k1 %
IR A, H T4 R I 30MAPPE: R 1) 548 15 52 ik
PEAD) K A B U AH 5, APPswe s A48 f2 15 B B
) —Fh 5 K ADM S APPIRAGAA, BB {144 %
FHUGF T U6 72 LEADRAE AL APPHIB-ZL 1 7= )
AR ZAFEBEH E E Ry, H 19914 Hardy 55 42
TERD FEBILIR B 15t LAK, ABFEAD A AL o i) 4
CLBCNAD R IRAL K 2540367 BIF 78 1 e il

APTE R 28 98 BE He v 1) AR 5 B0 28 ot A AL 4%
i\ pheseF e gigh o it £ 5. BTl LR A
ZRR R FLABHIAIZ . B, fEARANRE %
{147 401 B 5 3 0 4 Wi ‘= R e Ak 2 A R
AP, WS M B SZ A I FE I R B . HE, ABS2 I
il S R 2 HETUIHEE S AW AN,
ABH] B8 L 5 Cu? 4 A 1 T 205 A R e,
BCAPBTT BETE i Ca® 18 18 A 25 738 18 1 5 4 fiCa?
PRI A SE A K, 40 ] B AFEABH)

AR, AP I Z A ERAR TS T A B, (H2 H ATIRAN
AT AE A B R AR B4R, 55 A, (EA5E
B, WS INAk2E G BRABRT R8I BG4 i Y VR 1 AR
YU FE, W AN A AT BE 2 T EUKL N AR Y
WA IG5 BN ARG R A .

2 FR N AR P 20 B R B 52 B T T
RV, ABRIAT AR YA R A N & AD K Y R
. fE/N W Thyl.2/3 3 7 4% 6]~ Ge 8% R & A
APPs Jifi Hi FTE[ 28 22 4 5 A8 f& [F)McGill-R-Thy -
APP 5 5 R K B, Sl DA S0 R B 5 L 52 I i
P AR R N ATV AR o 7E TR B BEER TR
HELET LA A st B S @l AR Ll E AR 77 #i
LTI G, BERAS SRR R A A% B A K 1Y 5 (long -
term potentiation, LTP) ¥ 2[R, Kk, 40N AP
FEAD KAt ] B & DGR A, g0 M i & 53
AR RESE LW BT L ABRR TR VE IR 1R

AN AR A=A H AT, 4P AB
M= A 4 =Rl BE RO 4. 14 %, AN I 4 il
(S AT BERE AL B AN Py . FLIR, 4R i)
APPH I P 7 A g A a4 FER 2 N 4 o S 7
S PN R O B- B AR R A P AE AR IR, MR
(1T APPIE I Py J5E I R iy 7R e A/ g X R B AR BT,
B-77 WA Tl 2L AR 1T 7= A2 AP, AR 5T Y, APPswegos
i i 5 B A= B SH-SYSYAH i AH bE 7= A2 58 £ 14 40 fi
WA 4B SNAR= VI AT 2 57t . SR, AL N AP
(2 AR R T 9, 4 P 5T D SR 3
1R R AAB R BT B AR, 374 A APPswegos ™ 42



PR &2 RIEAPPswesos i D5 40 5 RS2 ABJ b KT ) 93T

79

ABIIZKF A 5 38 50, 73 40, 440 B b B 24 AP-
Pswesostli PN 7 - E N YA/ VAR B, X S8 45 N 4K 1)
APPswegos A& 15 51 [F] Tt — D & B- IR R R4 i 77 A=
AB.

SN VS B LB T 2oy
APPsweeos 7215 BRI D % G BISH-SYS Y 4R ML A, i
APPsweos A il 52 1% 4 5% FEH 38 % G4 1A PPswe stk
o FEYRIE I APPswesos B [1-5 N IR 1 APPy;0 2R [
HA MR AT N [HRERKE, APPswe
S A 1) T = A R 2 R LY AR, M Y AR SR 11
AIEE, APPsweqos 41 i & N H 141 it P A B4 it &5
PERIRE T . DRk, ASHIF 50 B 62 37 1) 3 T8 APPswegos £
1 1] APPswegos 411 8 AT 87 FH - 25 - # AF 2 ( C
U AD AR I K 239016 97 IRt 52

SE Wk (References)

1 Li K, Wei Q, Liu FF, Hu F, Xie AJ, Zhu LQ, et al. Synaptic
dysfunction in Alzheimer’s disease: Abeta, Tau, and epigenetic
alterations. Mol Neurobiol 2018; 55(4): 3021-32.

2 LaFerla FM, Oddo S. Alzheimer’s disease: Abeta, tau and
synaptic dysfunction. Trends Mol Med 2005; 11(4): 170-6.

3 Hardy J. Alzheimer’s disease: the amyloid cascade hypothesis:
an update and reappraisal. J Alzheimers Dis 2006; 9(3 Suppl):
151-3.

4 Coronel R, Bernabeu-Zornoza A, Palmer C, Muniz-Moreno M,
Zambrano A, Cano E, et al. Role of amyloid precursor protein
(APP) and its derivatives in the biology and cell fate specification
of neural stem cells. Mol Neurobiol 2018; 55(9): 7107-17.

5 Huang HC, Jiang ZF. Amyloid-beta protein precursor family
members: a review from homology to biological function. J
Alzheimers Dis 2011; 26(4): 607-26.

6 Jin K, Galvan V, Xie L, Mao XO, Gorostiza OF, Bredesen DE,
et al. Enhanced neurogenesis in Alzheimer’s disease transgenic
(PDGF-APPSw, Ind) mice. Proc Natl Acad Sci USA 2004;
101(36): 13363-7.

7 Mullan M, Crawford F, Axelman K, Houlden H, Lilius L,
Winblad B, et al. A pathogenic mutation for probable Alzheimer’s
disease in the APP gene at the N-terminus of beta-amyloid. Nat
Genet 1992; 1(5): 345-7.

8 Hardy JA, Higgins GA. Alzheimer’s disease: the amyloid cas-
cade hypothesis. Science 1992; 256(5054): 184-5.

9 Huang HC, Jiang ZF. Accumulated amyloid-beta peptide and
hyperphosphorylated tau protein: relationship and links in Al-

20

21

zheimer’s disease. J Alzheimers Dis 2009; 16(1): 15-27.

Ryan TM, Kirby N, Mertens HD, Roberts B, Barnham KJ,
Cappai R, ef al. Small angle X-ray scattering analysis of Cu*'-
induced oligomers of the Alzheimer’s amyloid beta peptide.
Metallomics 2015; 7(3): 536-43.

Sharma AK, Pavlova ST, Kim J, Kim J, Mirica LM. The effect
of Cu” and Zn** on the Abeta42 peptide aggregation and cellular
toxicity. Metallomics 2013; 5(11): 1529-36.

Arispe N, Pollard HB, Rojas E. Giant multilevel cation chan-
nels formed by Alzheimer disease amyloid beta-protein [A beta
P-(1-40)] in bilayer membranes. Proc Natl Acad Sci USA 1993;
90(22): 10573-7.

Arbor SC, LaFontaine M, Cumbay M. Amyloid-beta Alzheimer
targets-protein processing, lipid rafts, and amyloid-beta pores.
Yale J Biol Med 2016; 89(1): 5-21.

Tulita MF, Allard S, Richter L, Munter LM, Ducatenzeiler A,
Weise C, et al. Intracellular Abeta pathology and early cognitive
impairments in a transgenic rat overexpressing human amyloid
precursor protein: a multidimensional study. Acta Neuropathol
Commun 2014; 2: 61.

Ripoli C, Cocco S, Li Puma DD, Piacentini R, Mastrodonato A,
Scala F, et al. Intracellular accumulation of amyloid-beta (Abeta)
protein plays a major role in Abeta-induced alterations of gluta-
matergic synaptic transmission and plasticity. J Neurosci 2014;
34(38): 12893-903.

Carey RM, Balcz BA, Lopez-Coviella I, Slack BE. Inhibition
of dynamin-dependent endocytosis increases shedding of the
amyloid precursor protein ectodomain and reduces generation of
amyloid beta protein. BMC Cell Biol 2005; 6: 30.

Koo EH, Squazzo SL, Selkoe DJ, Koo CH. Trafficking of cell-
surface amyloid beta-protein precursor. I. Secretion, endocytosis
and recycling as detected by labeled monoclonal antibody. J Cell
Sci 1996; 109(Pt 5): 991-8.

Yamazaki T, Koo EH, Selkoe DJ. Trafficking of cell-surface
amyloid beta-protein precursor. II. Endocytosis, recycling and
lysosomal targeting detected by immunolocalization. J Cell Sci
1996; 109(Pt 5): 999-1008.

Pasternak SH, Bagshaw RD, Guiral M, Zhang S, Ackerley CA,
Pak BJ, et al. Presenilin-1, nicastrin, amyloid precursor protein,
and gamma-secretase activity are co-localized in the lysosomal
membrane. J Biol Chem 2003; 278(29): 26687-94.

Greenfield JP, Tsai J, Gouras GK, Hai B, Thinakaran G, Checler
F, et al. Endoplasmic reticulum and trans-Golgi network generate
distinct populations of Alzheimer beta-amyloid peptides. Proc
Natl Acad Sci USA 1999; 96(2): 742-7.

Xu H, Sweeney D, Wang R, Thinakaran G, Lo AC, Sisodia SS,
et al. Generation of Alzheimer beta-amyloid protein in the trans-
Golgi network in the apparent absence of vesicle formation. Proc
Natl Acad Sci USA 1997; 94(8): 3748-52.



