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n-3 polyunsaturated fatty acids ameliorate learning and memory abilities in APPPS1

mice by regulating microglial activation and polarization
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[ Abstract | Objective To construct a model of Fat-1/APPPSI transgenic mice and a cellular model
of microglia and explore the improvement effect and underlying mechanism of n-3 polyunsaturated fatty acids
(n-3 PUFAs) on the learning and memory abilities of APPPS1 mice by regulating microglial activation and
polarization. Methods  After the male mice with heterozygous Fat-1 genotype were mated with the female
ones with heterozygous APPPS1 genotype, genetic identification was used to screen the male offspring with
Fat-1/APPPS1 genotype. Then after the male wild-type ( WT) mice and those with Fat-1, Fat-1/APPPS1,

and APPPS1 genotypes were bred until 9 months old, their learning and memory abilities were evaluated with
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Morris water maze (MWM) test. In addition, gas chromatography-mass spectrometry ( GC-MS) was performed
to detect the concentration of PUFAs in the brain, and immunohistochemistry (THC) was applied to detect the
deposition of B-amyloid protein ( AB) in the hippocampal regions. Moreover, immunofluorescence assay,
qRT-PCR, and enzyme-linked immunosorbent assays ( ELISA) were conducted to measure inflammation, and
transcription and expression of Iba-1 (indicating the microglial activation) and CD86 and CD206 ( indicating
microglial polarization) in central nervous system ( CNS). After pretreated with DHA+EPA (25 pmol/mL:
25 pmol/mL) , microglial model of inflammatory injury was established in immortalized mouse BV2 cells
induced by LPS (1 pwg/mL). Afterwards, immunofluorescence assay, qRT-PCR and Western blotting were
used to detect inflammation and microglial activation and polarization. Results Compared with the APPPSI
mice, endogenous n-3 PUFAs effectively improved the learning and memory disorders in Fat-1/APPPS1 ones
(P<0.05), remarkably alleviated AB deposition in the hippocampal regions ( P<0.05), evidently reduced
CNS inflammation and microglial activation ( P<0.05) and transformed the activated microglia from M1 to M2
(P<0.05). Furthermore, BV2 cells with DHA +EPA pretreatment obviously resisted LPS-induced cellular
n-3 PUFAs inhibit the

microglial activation, regulate the microglial polarization from M1 to M2, reduce CNS inflammation, and thus

inflammation and induced activated ones from M1 to M2 (P<0.05). Conclusion

alleviate learning and memory disorders in APPPS1 mice.
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A EER IR E R Z — 8% 2019 45 AD 723
E LR HES 2R S 7, SR T %0k 23.3/10 77, B
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WE TR . BUWRIERIHET AD B iAa %k
T, %o i R ) R AR KO iR S A &

TR Z AN, 18 R 2 RAETE AD K&
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3 A% CSTBL/6) MEPE/INERASHC , 28 KK %5 i R A5
F—M Fat-1 5 FHEH DR, HF—UNREF R
8~10 JE IS, 5 8~ 10 & & APPPS1 Z=4& T M1 /)N L
(R LLER, R 2458 3045 7 AR HEM: /N R, 2 3 TR 2
FETHE G W S oyl 4 41, B WT 4\ Fat-1 41 | Fat-1/
APPPS1 2 APPPS1 41, & 41204 8 H o #R 4 SCHk I
W, PR Bk 4 Hr —RUNBUR SRR 9 H 5T
SR B /N RRUR 9F I 4 4R R K 2 i S T
FEPT TR A (SPF) G2 Wi sl s, TR 1 W 4%
TFT B R ROK . Bl S50 18 e 1 7™ A i B (S
55 Sl L5 Al 38 EE ) A WA R SR BT IR 4
Bili 45 42 15 K 2 gl W 48 BHORN 4 22 51 25 it o [ SYXK
(1120170002 ], Morris 7K 2K B S5 5¢ 5 ARS8/ VR
RBUNBINAR (D), 22BN T 4% 2 R
[, 421 T -80 ChRfE4
1.2 JRARER

FH B H % PCR A & (Bimake, £ [H) |, fir A
SR BRARE UL BT (5P HI LR 1) .

®1 EESMFT

HB 519751 (5'—3")
_Fi#: CGGCTTGATGCTCGTCATTG

fai-l T : TACTCTAGAACGGCACGGGA
p 37 : GACTGACCACTCGACCAGGTTCTG
i : CTTGTAAGTTGGATTCTCATATCCG
o i : AATAGAGAACGGCAGGAGCA
T : GCCATGAGGGCACTAATCAT
ot |7 : ATTATGTCCTTGAAGCGAATGC
Fiff : TCTCAAGATGGCAGATCTCTTG
CDs6 | : ACGGAGTCAATGAAGATTTCCT
T : GATTCGGCTTCTTGTGACATAC
. i : CCTATGAAAATTGGGCTTACGG
Fif: CTGACAAATCCAGTTGTTGAGG
A0S i : AGCAAACCACCAAGTGGAGGA
T : GCTGGCACCACTAGTTGGTTGT
e i : CTCCCAACAGACCTGTCTATAC
Fi: CCATTGCACAACTCTTTTCTCA
_— i : CCAGATCCTGTCCAAACTAAGG
Fif : CTCTTTAGCATAGTAGTCCGCT
NLRPS i : GCCGTCTACGTCTTCTTCCTTTCC
T : CATCCGCAGCCAGTGAACAGAG
|32 : AGAGGATTTCTTAACGGATGCA
Caspase-1
Fif: TCACAAGACCAGGCATATTCTT
s | : CACTACAGGCTCCGAGATGAACAAC
T : TGTCGTTGCTTGGTTCTCCTTGTAC
s i : AGACCTGGAATCAGACAACTTT
Fif: TCAGTCATATCCTCGAACACAG
. i : GTGCTATGTTGCTCTAGACTTCG
B-actin

T : ATGCCACAGGATTCCATACC
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K F Trace 1310-ISQ 7000 -5 B¢ FI{X ( Thermo,
K[ B0 IR ZH AT A A 1D R 48 %) o 1
30 BENT BRI bR W OE C b i g B il . PRIy
50 mg/FEATE— 8 S5 0F T WFEE (TR Ak 22 O 380 5 Ao
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HEATAS
1.5 fiagies
L5 1 il KR R R A 28 1t
T ARSI K . BRI fE BT A TR A AL
Yy, R F BSA 1Ly % 3 30 ming SRS HIA AR
Pk (60342-1-Ig,1:100) {2 &N 4 CHEF LK. PBS
PRI 3 WS A 9t (GB23303,1:200) = I H
50 min, PBS PEi% 3 Y5 i MHT fF C ] 9 DAB &4
TR, AU ) BT R] R K e R &k
B, TRAKE B YL, K ok K E Ao
1.5.2 & Lsiit FE W 5 1% B O R R
(BA OLYMPUS VS-ASW) |32 Jfi Fiji Image J %t &
BTG B S HT
1.6 ARZAERK
1.6.1 HEGRETOCH ¥R 2 KPR
AT AT 8 R S A K . TR & 5 DU
IKEFH, 10% 1) S 135 = 6 35 S A CD206 $ii 4
(AF2535,1:1 000) V2 &N 4 CIHE k. PBS ¥k
3 WRJE TN —Ht (GB23204,1:500) % i 5 & 50 min,
BSA Il 3 = & & A S i A Iba-1 Hi {4 (234011,
1:100) .CD86 $Hi {4 ( PA5-88284,1:500) pIR &35,
WaE N 4 CEF K. PBS U3 5 i =t
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T DAPT &2 Y 4 i A% kOt 3 IR B 10 min, ITA H
RASCHRFIFERK st , Prod B IGE R o
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1.6.2 WG Lgeit  BOROGHOR A5 405 488
543,633 nm, % F§ LSM 880 AxioObserver ( Plan-
Apochromat) I} 1 5% % £& 1%, ZEN2012 black edition
(Carl Zeiss Microscopy GmbH ) 2 Gt 47315 7¢ S5k i
giit

1.7 ELISA

K H Tba-1,1L-6 iNOS  TGF-B X7 & ( = sa ke, ik
DO, A S5 A0 BRAR G AR UL 5 647 .

1.8 miesict 5

BV2 4l B € E PR () AR ER A E] L B SR
S 10% FBS. 100 U/mL # % Z H1 0. 1 mg/mlL
§iE R 2% A0 5 W B SR 5 DMEM (HyClone, 32 [5 ) , i 2
37 C,& 5% CO,,

n-3 PUFAs 1) T4~ 4 21, B Control 21 .DHA +
EPA (25 pmol/mL :25 pmol/mL) 2H . DHA + EPA +LPS
(25 pmol/mL :25 pmol/mL : 1 pg/mL) 4 DA} LPS
(1 wg/mL) 21, T TR AR SCHR [ 14-15] 5 1.9 41
OGR4 R 25 5155, T 10% FBS 44 1%
BSA-V(Z35, b nt) LIHEER FBS &4 Y i 107 2 %
SEER S R L . DHA+EPA+LPS 2 140 34 : $2 1
1 h %l DHA+EPA X BV2 41 Jifd gk 47 BiAb B, J5 0
A LPS F-i 24 h, Hp DHA IF MCE(Z£[H) , EPA
W+ MCE(2£[H) ,LPS T Sigma-Aldrich(Z£H) .,
1.9 @l & /1 #em)

¥ BV2 4 2L 1x10°/4L (100 wL/AL) #2F F
96 fLt I O#FE T 0.0.05.0.1,0.2.0.4.0.8.1.2,
4 pg/mL ) LPS 1 24 h; @ # & F 0,10,50, 100,
200 pmol/mL ff) DHA & EPA H 24 h; @)% & T 0,20,
50,100,150 .,200 wmol/mL(DHA :EPA=1:1) f) DHA+
EPARAIEAF P 1 h J5, F4HFIMA 1 pg/mL LPS %
B 24 ho bIRAZH A5 SRS 5 8 BRARYE CCK-8 455
&(HEoK, b)) BT,

1.10  fmhe 92 % X

¥ BV2 400 2% 10°/7L (500 pL/7L) B F T
24 U B4 1.8 T HUS , SR A 50 Y (0 [ 7E W
(BnR, big) il [H5E, & 0. 1% Triton X-100 f
PBST 2 il i , 1L - 1MiE (3 = K, Bif) ik E ],
WA Tba-1 H{A (234011, 1:1 000) ,CD86 HifA (PAS-
88284, 1:1 000) F11 CD206 FifA ( AF2535, 1:1 000) ]
RAEH, BaEN 4 CHFLKR. 0.2% PBST it
WA 26 R brid 9 3 B 41 (A0423, 1:200;
A0473, 1:200; A0502, 1:200) JBE 37 = 16k G 7
A 1 h, 0.2% PBST #5GIRVES I DAPT By (a5 (35
=R, Biff)  HOUE R, SRR L, BToO6 R
KEFTWRE R o AR LGETTHR 1.6.2 FIrk

1.11 Western blot #&]

BV2 A EAE A 1% 1 2 11 00 50) ks 2 g4
il 77 P4 200 ff 249k 22 o ( Sigma-Aldrich, 32 [6) o 24
I BCA & (B =K, Bl ) e 8 A k. i
Jo HEATEE BT BRI S 5y, K LUK S 8 4 B e 7% 3 R
T = O o ] 5% BRE 4= W3 B TR 1 h, fm A
NLRP3 $i & ( 68102-1-Ig, 1 : 1 000) , TGF-B #i {&
(ab179695, 1:1 000)4 CHFHF 7 . & TBST ZZ bk
UG, AR A (= R, Bl fnid i —
PLEWRMFE 1 h, W6 1Y e Je 2% ] Fusion FX
(Vilber Lourmat, 3 [E ) F1 Immobilon Western {4 2% % 3
HRP Ji£4 (Millipore , 3¢ [E) 7R Al E . FFH Image J
ATt AR B K IFRIE NS E GADPH 1
HER AN R,
1.12 qRT-PCR 4

/N BB 4 40 s BV2 41 i Sl A RNAiso Plus
(TaKaRa, HA) , 43 25 G 0 RNA, F1) A% IR 2 11 0 2
1% NanoDrop2000 #& il %% #£ 7 RNA ¥k ¥, Fi TaKaRa
e sy il R &, 30 FE Sk 5 L ¢DNA, % B SYBR
Green Master Mix i W] 45 il Je A& & , PCR i 4 &
920 L, R A2 2 2 7 PCR AL ( Thermo, 32 [F])
SE M, I 5E P mRNA [ 3835 K . DA B-actin fE
RN 270 ik A S R R M X Rk . 51
JPHIILER 1,
1.13 it 3 o4

% Ff OriginPro 2021 9. 8. 0. 200 %= i Fr E HH £& ,
SPSS Statistics R26. 0 FEAT 8 G047, B L) 225
TR A IER 3 UL LT 2555 0 2 86 Z 1] F AR
KRR R Ty 25 504 UR 2R T 225041, P<0.05 1A
EZRAGIFEE L

2 R

2.1 A far-1 KB /s S AR n-3 PUFAs K-F

DU/ NI ZH SR IR i DT TR 2 B 3, 25 2H /B
LR R PUFAS FKTAZAE25E. 5 WT /NGUA]
I, APPPS1 /N PUFAs &4 ek (P<0.05) , 1
n-6/n-3 A 3% A W] 2 7% k5 Fat-1/APPPS1 /]y i) 5
PUFAs 41t APPPS] /MBI 542 T} (P<0.05) .n-6/n-3
FOAR I B A ( P<0. 05) ; Fat-1 /B PUFAs & it
15,n-6/n-3 [WHFRAR(P<0.05) , TLIA 1,

f£ ¥ ¥ {y PUFAs 1, APPPS] /) Bl 5 Fat-1/

APPPST /IR 22 5 E 2R BLAE DHA FAE A D095 R
(arachidonic acid, AA) | (P<0.05), 1 ALA.EPA,
DPA W3 B& (linoleic acid, LA ) 7E1x 2 2H /N f 2 [A] %
AW EER, WL 2,
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RTINS SRR T far-1 FEH ) Fat-1 Fat-1/
APPPS1 /NERETE H B AR N A &K n-6 PUFAs %4k
5 n-3 PUFAs,

2.2 AR n-3 PUFAs 7T % & APPPS1 )R 69 % 3
A=
2.2.1 EMHUATRESIINA BTN AR, &
/)N BRI 3 % T AR (AR BOK RS- 6 g B ) B &
YIGRUE G I 6 A R R B 4 ke 5 S Rl 2k
B, A2/ R Z ] ki v AR 22 s g 3, 5 WT
ZHAH L, APPPST 20 i)k 3% V5 AR 1) W 3% 4E K, Fat-1/
APPPSI1 2% APPPSI1 20 W I 4 4, Fat-1 20 FEI fe Fi

2.2.2 SRR SEEREREN, S
WT ZHAH b, APPPST 4175 H bR 52 B 15 88 B ) 4 L
W4i% , Fat-1/APPPS1 2% APPPS1 ZH W] 48T}, Fat-1
AW RIER (P<0.05), WK 2C,
2.2.3 HUuBEST TR IR S KA (]
PREMH, APPPST /N F- 648 RN 20 Hh
SEUEERTAT , BB X B 55 40 3 4L N T8 PRI S0 £
LHL GBI RAER ., WK 2D,

i LRSI 25 Rk B, APPPST /N2 2842
fEJ19% 2%, Fat-1/APPPS1 /N U FF kst , 1 Fat-1 /NG
HICIZRE R, FE BT WT /R, X 2 WA P n-3

(P<0.05), WK 2A B,

& P wT
| C22:4 3
C20:2 /}PP’PM ’5 000_ a
| CI8:IN9T 2 | fat-1/APP/PS1 —~ "
CIgINI2T fat-1 o0
- CI§ON6T | ! Sy abe
€201 2 ac
CI83N3 o =
Q210 = s
€23:0 - @ 2 000
C22:1N9
€200 2 i
= | ;
c222 <
241 = 10004
CI7:1 =
CIEINI2 ~
14:0 .
|| Cl6:IT pic)
| 13:0
I - CI7:0 0-
CI&:INSC
- = Clginy 1 2 3 4
C20:4N6 gﬂjﬂju B C
. || cted
16:0
CI80 2 0004
- Erons o
: a0
L géz(:)n Y a 4 ®
80 2 15004 S i
= -, - CI8:2N6 = be = 1.0 a
- C20:3N6 I ac > 3
C20:5N3 P . :
C22:5N3 4 4
. C22:5N6 T 1000 =
CI19:IN12T o0 =
|| C19:IN9T - 0.5
= - 5 500 o
Cla1 a T g
CI83N6
17:1T ) T
- C201T = 0- = 0-
Cisil
__ C20:3N3 1 2 3 4 ) 3 4
£z dFIFEERER )
T T T TS B2=2822235
CEEEEFEEEF S E5BRE 415 D 415 E
S8E8R&ATE
<1
5

10dd V!
£0dd V!

H0ddV’
90dd V!

PUFAs i A 2HGE APPPST /N~ ~J eI Bt o

1:WT 28,2 APPPS] 48;3:Fat-1/APPPS1 41 ;4.Fat-1 28;a:P<0.05,%5 WT 2045 ;b P<0. 05,5 APPPS1 20 3b4%
¢:P<0.05,5 Fat-1 2B b3z
A K4k RS B BR KT ;B ¥ PUFAs;C:n-6 PUFAs;D:n-3 PUFAs;E:n-6/n-3 PUFAs &

B 1 REEERNRBAEE n-3 PUFAs(n=5)

£2 SENRBASRK PUFAs &8 (ue/g.n=5,1+5)
PUFAs WT 44 APPPS1 24 Fat-1/APPPS1 24 Fat-1 2
n-3
i n-3 1 193.782+55.671 1 065. 508+22. 746 1 150.471£31. 594" 1 428.273+45.937°
ALA 2.124+0.219 1.730+0. 163° 1.970+£0. 257°¢ 2.785+1.050
EPA 3.931+0. 521 3.434+0. 367°¢ 3.557+0. 623° 8.749+2. 694"
DPA 15.811+2. 555 14.036+1.111° 15.375£1.217° 26.518+5.575*
DHA 1 171.398+60. 362 1 045.613+£23.501™* 1 114.236+53. 548™ 1 393. 864+39. 558"
n-6
. n-6 1 413.435+28. 809 1 173. 666+27. 723" 1 046. 436+32. 973" 1 260. 885+51. 630°
LA 49.960+7. 749 45.793+5. 134 41.962+4.364 49.605+7. 422
AA 1 065.521+17. 874 878.834+18.234" 782.265+28. 784" 890. 881+66. 669"
n-6/n-3 H.{A 1. 141+0. 047 1.097+0. 055¢ 0.935+0. 047* 0.871x0.016"
AA/EPA+DPA+DHA FLE 0.868+0. 037 0. 823+0. 036" 0.735+0. 054 0.658+0.011"

a;P<0.

05,%5 WT 2814 ;b P<O0.

05,5 APPPSI 20 }b45 ;¢ P<0. 05,5 Fat-1 ZA 3t 4
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