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Knockdown of TREM2 Gene Aggravates Neural-developmental Disorders
Induced by Aluminum Oxide Nanoparticles
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Abstract: As a new nanotechnology material, alumina nanoparticles (AINPs) are widely used in our life. However,
its potential toxicity has not been studied extensively. Triggering receptor expressed on myeloid cells 2 (TREM2) is
highly specific expressed on microglia in the central nervous system and plays an essential role in brain homeosta-

sis and the development of neurological diseases. To explore the role of frem2 gene in the neural-developmental
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toxicity induced by aluminum oxide nanoparticles, zebrafish embryos were divided into control group (control),
negative control group (negative con), TREM2 knockdown group (TREM2-), AINPs group (AINPs), TREM2
knockdown+AINPs group (TREM2 —/+AINPs) at 6 hours post-fertilization (hpf). The microinjection of TREM2
RNAIi was completed in zebrafish eggs within 1 hour after fertilization, and they were exposed to AINPs suspension
to 144 hpf. Then, the morphology and reproduction of larvae were observed, and the behavior was tracked by an
animal motion tracking instrument. The transcriptional expressions of frem2 gene and neural-developmental genes
(al-tubulin, mbp and syn2a) were detected. In addition, neurotransmitter and oxidative stress levels were measured.
Our results showed that there was no significant difference in mortality, hatching rate, and deformity rate among
groups (P>0.05). The average speed, moving distance, and time spent in the outer zone decreased while absolute
turn angle increased in the zebrafish of the TREM2- group, AINPs group and TREM2—/+AINPs group (P<0.05),
and panic response in the TREM2—/+AINPs group significantly declined (P<0.01). Furthermore, the expression of
al-tubulin, mbp, and syn2a genes, and the levels of acetylcholinesterase (AChE) and superoxide dismutase (SOD)
decreased (P<0.05) in TREM2 - group, AINPs group, and TREM2—/+AINPs group. Our results suggest that AINPs
could generate neural-developmental toxicity in zebrafish, and the knockdown of frem2 gene could aggravate neu-

rodevelopment toxicity. In summary, frem2 gene plays a vital role in neural-development.

Keywords: AINPs; zebrafish; neurotoxicity; TREM2; neural-development

VAR | B G KR HOR B &R 9K ALk
(alumina nanoparticles, AINPs)J 1z i F F H # 4= 1%
o A B OB R A A P AR AR,
TR Z M, &4 AINPs (bR EAE = T
A b 25 B R 2 b HE LR P AR TR AR BT T A
e b & 2 6, AHFTE K, AINPs 7]
DL ask it i 5 s, 7 A v 2 AR ELUE DUHE % vl
2 R AR Y, AINPs 23 51 A7 BUIK 4 21 A 4k
V7 35 % i JIFL i B o 2 32 I ) e AR ) B s T TR AL
NPs J& Xf K Uini 20 2R 1 i 25 A 408 s, 2 35 2e A L i
FIGRE RAE SN, FoAh— 28 4 Ja g Kookt BA
HEE, I RIRER T 0K SR Sl i a2 B
U ZY v | YA R NP O i EZE- 5 Waata S 1/ FRAINEY b, Ny
FALREME T PC12 41 J5 ] DA AR 40 M3 7, 75
S AEAETS, $E R 9ok A AL Rk B R T RE X
M RE P HEREE,

11 #U4E 22 20 Jfd fisk %2 32 1K (triggering receptor ex-
pressed on myeloid cells 2, TREM2)J& TREM2 Z %
) — B e BRI DU SZ K i S2 R S IR 25 &
T — R 5 R DI REA DG TR A LN E S
8 A A o o v I U DR o T R LR S
TREM2 f45E R 55 2848 | 457551 /& TREM2 R47H f4) 748
St 55 B0] /R P 16 BRI (Alzheimer Disease, AD) &l i
i & (frontotemporal dementia, FTD) . I 4= 7% %% (Par-
kinson Disease, PD) Fll#{ & 1 WL 2= 4 Ml 2 fifi £k i
(amyotrophic lateral sclerosis, ALS )% %5 #B =5 B A1

Ko BR T SR MR 1) CH A TREM2 389
UEBIXT KM & B 2 CHE %, TREM2 HAT Gy i 1y
YER e iR e R G0 h R A TN T4, 2 5
PRZGTCAETE T R fliE BT | H 5 w28 ] O il 55
AFTESN ) BGRATSE R I, TREM2 SiRE /N B2
filh %5 FE 38 1, 2 B TREM2 #2811/ ) J6¢ J5 240 L %) 5
&89, TREM2 B9 3 H ik /INR, A2 oo #2000 7E
WA A E SRR AT O RN, BT
TREM2 & 7EA A R i 2k & i /E HiE AR
THEE N T M AINPs B4 281 DL L trem2 F
TERUNM & & i E T, A0 908 i K rem2
LR IEAE IR 5 ER AINPs, WLEHE o)t 4 1 1
1102 FEH AR FAE AR 05 55, W15 R rem2 B
KI7E AINPs 328 & & Bl h i PEH , R Js 2t ot
PRALARAE

1 ##} 57 % (Materials and methods)
11 R A s
11,1 F20]

50 nm if% AINPs Il H 3 [E Sigma 23 w6 (53 #Hr
ali, 4lE R 99.7%), TREM2 RNAi 18 55 2% 12 57 1
R LR R A BR 2 A 2l RNA 2 B0
& A R 2E A BR A B B sl & PO
PCR A7 &M B Takara 2\ &) (H A), 3 H 519 ¥ 51
W F FEER R R B A PR ], AR AL I A il
(superoxide dismutase, SOD)l %3R5 &5 W [ FF 5L
JA W) T REFFE BT, BCA(bicinchoninine acid) 2 1 %
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ik ) & 1 £ Wk H 5% 5 i (acetylcholinesterase,
AChE)I A & A FW s ARG BRA A,
1.1.2 EZU

ESEN-AW-SS1 B & £ 52 5 7 4t (AL 5t & 4E , h
[E), ROSO fif ¥ 14 7K #L (Heal Force, H [E 7 i#5),
Nano-ZS90 44 K #i J&F {Y (Malvern Paralytical , % [€])
JEM-100CX &5 it 7~ i 3 Be (H A B iR X 254,
ZXSR-1090 ELH il 455 5t £E A0 K 97 48 (1 8 36, o
), EthoVison XT10 34iz 5 iR &7 2 4t (Noldus In-
formation Technology, fif %), SYS-820 & fif iF Hf &
45 P-97 R 3k 5 1 A A AL L (WPL 28 A, 36 [,
SZX7 WA i BXS1 815 2¢Ot e S 1 ik i
(OLYMPUS, H75),5424 R {i{ i 3% 5 .0 HL(Eppen-
dorf, ), SB25-12DTDN # 75 I i Ve ML (T 8T 2
4y, b [E), Image-Pro Plus &1 14 43 M7 3K 1F (Media
Cybernetics , 3¢ [#), SpectraMax M 2 4= [ &) fif§ #5 1%
(Bio Tek Instruments 2 7] , 3¢ [F), QuantStudio 3 SZH}
PG i PCR X (ABI A H], ),
1.2 GRIBORL YR AL

¥ AINPs 15 TBE S IR i E3 5535 (5 mmol -
L' NaCl,0.17 mmol-L™" KC1,0.33 mmol-L™" CaCl,
#10.33 mmol-L™" MgSO, -7H,0,pH & 7.2), &t
Z233F 30 min R IRAIG , WD 8 Y AT B AT e JEE
AR I R XIS 76 5 FL B (transmission e-
lectron microscope, TEM) | MLEEHL 43 101 4, ik
HL A 80 kv, UGG e B AF X B A T Y ki
3T, R FE AR Zeta FRAV
1.3 SEE 5k
1.3.1 SE5zhy

Tu FEFAERUEE 40 M 3K T rp B2 B K AR A
Yt 5 e 1 52 B 5 £ e 5 rp o0 R, TR D, B
SR R G A BN KT (28 £1) °C, FHL % 500 ~
550 wS-cm™' ,pH {E_N 7.0 ~7.5, JCIR AW AOEIE 14
h, B 10 h, BERMEMREIE R FARER 2 0, L8
HT— R M LR e LU (M < BfE=1 « 2) B ASCHL
e IFIMAFRIE R G K, SEECY R RRIFAT
JeE R EA, (o 0 £ R £ 5 SR A BC ™ O IR ISCEE |
1.3.2 QLR A BC

FHRE-FREL(50.000£0.0001) mg F&) AINPs i T
1 L el 4509 E3 IG5 3R b, il 4 AINPs A&
W, TS YL RE R A VR A 50 mg - L7, R R
PRBNLA00 W ,30 KHz) R il 25 (19 YL a0 S 30 min
RS & .

1.3.3 WAk Moo

WA 1 ~ 4 4RI BE 2 fa IR G T a5 3 LA, 1
FH P-97 BB F R AR A A B B A B 4T
FE A0 S R G0, 78 A S T 18 0 7 AR
A A B B N (CEST R 0.5%10° TU-mL™" | FESHA
FUR 500 pL, B B ZH 3 5 TREM2 B4 X5 B 18
W TR ER A M v I B ), K5 TR S AR R A
ANEUBH, 43R 5 41, B4 30 W, A E 3 AR
17, BRI, L 68 144 h, SE56 5041535
Xt B8 2H (control), B 4 Xt AR ZH (negative con),
TREM2 {2 (TREM2 -) 44 K S AL B 41 (AINPs) Al
TREM2 @il +44 K A A4 2 (TREM2 —/+AINPs)
1.3.4  JEAFMAT AR

1E 6 hpf(hours post-fertilization ) i} - 4f # 17 %
R YL, Y B E 144 hpf, QdH45 G
O SR BE S & B IS AR DA KB AL | T A
FET GO,
1.3.5 A7 R

H &Iz 83050 . 144 hpf BREEZEHUS B 24 &40
AP 24 FLbh BRALBENLIRA — R IEH K &
gt 24 FLBAAT Il IR ER R G, 2
PR TAEL 1 min J5 FF AR SC 50, 38 1 2T SMRAR HL
SRS 3 min AYIE SR, AT
SREE BB SN 5 B RN R] & 20 Lo e X551,
LT L IARFRAR S B 4 £ )12 Bl g

b B S 5 S G . 144 hpf B FE 45 TR T, ¥
AN 24 FLBAAT N FHLB IR ER RGN, DRI
RS TFIERN 1 min J5 TF R S50, 38 1 2T AMRARHLSE
AHAEAN M 7 min 132 Bl A0 (35 B R JE 0T R 3
min 2ERFHI-1 min YEREHA-3 min SREEHA), @A
THER &)y ' RRT 1 398 J32 A8 TEoRe o BT 4 1 el et
RV REST .
1.3.6 26t PCR &l

144 hpf R IG , 4 H 30 K4 faE T 2
mL 1Y EP 4 {fi Fi] Trizol 242 UBE & L RNA , H
FH R s iR 57) & B i cDNA, 4% I8 26 78/ PCR R
R AR BRI T e A, 51478 an sk
1 s,
1.3.7  fhZeash SR

144 hpf BFELEHG , BRI 30 4BE Ty fa gt
FA:#ER K i 4 513K VST, BCA it T A
i, B G 5 D 4 £ 20 2 b 2 T A0 R
(AChE)Byil P, HERME 3 1K,
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Table 1 The sequence information of gene primer
FEH 2K UG ~37) UGG ~37)
Gene Forward primer (5’ ~3") Reverse primer (5’ ~37)
syn2a GTGACCATGCCAGCATTTC TGGTTCTCACTTTCACCTT
mbp AATCAGCAGGTTCTTCGGAGGAGA AAGAAATGCACGACAGGGTTGACG
ol-tubulin AATCACCAATGCTTGCTTCGAGCC TTCACGTCTTTGGGTACCACGTCA
trem2 AATAACAGCACAACCAGGACAAGA CGATGTTTGGCACGGTAAATAAG

1.3.8 S AL S

144 hpf ZEE45 G, BRI 30 4BF D) fa,
FHAEFRER K 1 25 51 9K 1 IE W, BCA L 178 1 E
a F R S U] B I e 4 2 b R AR A Ak
fit(SOD)YRYTH M, HAEME 3 1K,
1.4 it

7GR T2 30 SPSS26.0 X 54 1k 1k 47 43 BT
A S 25 B R A B AR ME 1R (X SEM),,
Shapiro-Wilk test Fl Levene 435! %§ £ 4 247 1IE &5 1
L5 A7 22 55 P A 36y, R FH 5 IR 3R U7 22 43 A1 One-
Way ANOVA Fil Tukey XJ #5045 #1753 B LL &, P<
0.05 HEFRA G FE XL,

2 #5R (Results)
2.1 AINPs M HZEAF

WE 1 s, AINPs Z888 71 2] 30 min J5 , Ff
AINPs 7E3&5) L b B T~ %, Ak ILH S 3K08 H
TeWIR KBk RS, P Bk M (67.46 £14.70)
nm, P Zeta H A K (454+8.13) mV,

1 SR ENSRBIRL (AINPs) iR TE
BEHTREE(TEM) TR 8IESR

Fig. 1 Dispersion of alumina nanoparticles (AINPs) solution

under a transmission electron microscope (TEM)

2.2 BEE a4 B A E A A A 2 R

144 hpf B4R G G AL It TR 7
TR 3 25 5 A A AR R) B m) B &
TEBCICHA S22 5 UNIE 2 i, 4% A B 2 447 0
JEREL, ML AL A B IE O ALK i
RN BB P, WK 3 iR, A BAH SBT3 |
AL R IE R TG0 24 25 5+ (P>0.05)
2.3 AINPs 25 0B D a4 i H Kz shag )

B fa 4 fa e BREIRAS B A2 shiT M Nl 4 fr
TR 50T R ZH N BA P F BE 4 M F , TREM2 — 2 (1% 5
I JE FEAIL(P=0.001) B sl BE 2508 /1N (P=0.001) 4
el {57 B I 0] 0 LU FAEARR (P=0.02) 248 X0 e £ 48 R (P=
0.01), 22 53 i & ; AINPs 41 i) F 35 3 [ [ K (P =
0. 02) F SR B/ N(P=0.001) AN B B i 1] 15 4
FLFEAR (P=0.01) , 46 %} % F1 38 K (P=0.002), 2% 5% &
3 ; TREM2—/+AINPs 41 ()13 3 & FE AR (P=0.001) ,
F& shitE B8/ N(P=0.001) /1B 152 B4 B[] 1 4 L AR
(P=0.001) ZaXt 5% M ke K (P=0.001), 2R B %, 5
AINPs ZHAH [t , TREM2 —/+AINPs 2H (134 3 i [ A1
(P=0.016) B ZhHE B I /N(P=0.007) , 5 Bl 452 £2 Fisf 7]
A 43 FLBEAIR(P=0.013) 46 X 6 f 15 K (P=0.041), 2
SR RSz sh Pl aniEl 5 PR, 7 R RRR
BT, X AL X} ) R R R A THR R U s, i
TREM2-4H , AINPs #H F1 TREM2-/+AINPs 2 & i i1}
55 SR EREA Ty AR A 2 AL T U
2.4 AINPs %:i#% S205E ot gt (R N B T R

BE e &y e X6 S ) R S S R B g 2 i
TR M REHIBL T, 45 2 4 fa ) e B (mm - s )3
KRR, 53R H, TREM2-41
AINPs ZH 1 TREM2—/+AINPs £ (1) 3 i B 53 [ A% (P
=0.001), =583  HAGIFE L,
2.5 FBEfa4ts TREM2 JEH 265K TR

TRl b B A BE 15 £ 4 fa R P TREM2 2[5 /Y
FkEWE 6 FiR, Wit EA rem2 H A0
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R 47% , SXFTHERALRBAPEXT BB L, TREM2 - #R W E TR, BASGIM¥25%, 5 AINPs M 1L,
ZH(P=0.001, P=0.003), AINPs 41 (P=0.001, P=  TREM2-/+AINPs 2 i JL H 35 ik R FEAL, £ 5 0 3
0.024), TREM2-/+AINPs ZH(P=0.001)[ B K Kk e BAGIHE L (P=0.008),

e
- ™ *3“
. ®. ¢ <3 )
Control - . - .
sc PE—7 e wysE
_ ™
R 'y sC A
2 > O TS
L' N PE S A ® —
pE— \;\— ;\4
YSE ~ "

YSE
B2 moasamipEs
TE: SC FR AT M ; TM 3R CURIE ; PE K78 ALK I s YSE 7R B i 2K i
Fig. 2 Different types of malformations of zebrafish larvae

Note: SC indicates spinal curvature; TM indicates tail malformation; PE indicates pericardium edema; YSE indicates yolk sac edema.

FET-3E iR L 72
Mortality Hatching rate Deformity rate
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fee]
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f=

Rate/%
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S

B3 moEpaRTE FLRMBEEE(N=12)
Fig. 3 Hatching rate, mortality rate and deformity rate of zebrafish larvae (N=12)

®2 HOEHEIRRTLRHOEEZEN (N=24,X+SEM)
Table 2 Changes of panic escape reflex velocity of zebrafish larvae under illumination (N=24, X+SEM)

2H 1) (3 min)/(mm-s™") SEHEIAA min)/(mm-s™") (3 min)/(mm-s™")

Group Dark period (3 min)/(mm-s™") Ilumination period (I min)/(mm-s™") Dark period (3 min)/(mm-s™")
Control 427+025 2.14+0.16 3.69+0.21
Negative con 391+0.20 1.68+0.09 3.58+0.15
TREM2 - 2.39+0.17 133+0.16a 3.55+0.19
AINPs 291+0.13 132+0.11a 3.63+0.19
TREM2-/+AINPs 2.10+0.16 1.05+0.13ab 293+021

UE e FR X R L, P<0.05 ;b o S FITEXT IRZLAH L, P<0.05,

Note: a, compared with control group, P<0.05; b, compared with negative control group, P<0.05,
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Fig. 4 The motor behavior of zebrafish larvae

Note: a, compared with control group, P<0.05; b, compared with negative control group, P<0.05; ¢, compared with AINPs group, P<0.05.

Control Negative con TREM2- AINPs TREM2-/+AINPs

Bs5 mof&4feELEIHHiEE

Fig. 5 Trajectory of spontaneous movement behavior of zebrafish larvae

2.6 DR fagfifhph 2k B AR RN TR

AN IR A FRZH A B S £ 4 0 B il 28 R B SRR 1 R
KU 7 FeoR, 58 B A AR L A B A X BEZE A L
TREM2-41(P=0.001), AINPs ZH(P=0.002, P=0.006)
H1 TREM2—/+AINPs(P=0.001)2H i) al-tubulin 3 [X
Bk TR, 22 5 3% ; TREM2 -4 (P=0.001), Al-
NPs 20 (P=0.005, P=0.006) Fl TREM2 —/+AINPs(P=
0.001)4H 1) mbp FEH FRIK TR, 22 5 W % ; TREM2 -

ZH(P=0.001), AINPs 4 (P=0.005, P=0.006) Fll
TREM2-/+AINPs(P=0.001)4H ) syn2a FEH Tk T
Mk, 2558 % ., 5 AINPs 44 It , TREM2 —/+AINPs
1Y al -tubulin K[ (P=0.018) . mbp 3K (P=0.009)
RINTRE, 25 RE BEARIFFEY,
2.7  BEHfagffa s Bk AL

AN [ A 33T v B 1 £ &) 6 44 PN AChE 5P 4n &1
8 Ft7 , 5 ) R 2H R B 1 %o BR ZH AH F , TREM2 -4 |
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AINPs ZH Fll TREM2—/+AINPs 2 ) AChE ¥ 1 ¥4
R RE, 25 B3 (P=0.001), RAZIT¥EX, 5
AINPs #0401t , TREM2 —/+AINPs 41/ AChE 75 14 i
F TR, ZRBEWP=0001), RAGH%E X,
2.8  BEHfagfifafRp SOD M AL

Bt gl fa ik ) SOD Jh W& 9 i, 5xf
HE ZH 01 P X BB 2 A1 FE , TREM2 —2H.(P=0.001) , Al-
NPs 41(P=0.046)F1 TREM2 —/+AINPs £H(P=0.001)%)
SOD JEPE T/, 23 A 5 it2¢ = X, 15 AINPs 41
HIH , TREM2 —/+AINPs 21 ()35 P AR (P=0.005) , 2
s E BAGIHHE X,

3 1312 ( Discussion)

B L 1 7 A ) B 2 o v — A R B HE S
YIRS AR BAL e 2L 3 P S0 1) i iR,
IR A A & = RS, HREA S TE
B PRGH G A KR A DL S A B S S B £
CLB T o B2l g (L 2 10U R 2 it 2 18 46
SURIGATTY AR, BE S k) vz N T AR
PERIFGED P20 ARG LABE S L R B B B R
WFFTALTY ¥R AINPs X BE 5 fa 4y fa HLUHM 2 & &
(520 LA & TREM2 JERIFERRZ R & T I1ER .

& JE F A I KR Y e e — B2 kT,
RS E W MRS A H AT o oy
FIFLES B 2 —, E AT LLSE 5 00 B e, 76 ik & AR
AT W, 0B G K UKL AT LS I U 38 A 4
15205 K SR AR 2 T 200 LA 0 T 00
B Pk A LR S MM & & B R s &
TR A KV KT AINPs IR MERFSE & BE, Al-
NPs A LA | 2 K B oA 4801 0 80 43 DA B 98 9 L

- (a)

[

- (b)

NP AINPs 38 1] DURFEAR K B #h 22 40 I 1% 17, i
KA IR IERS | AR H A 5T & R, AINPs 1]
DI & R T, R AR EE A Akt

e T PR S
JEAFR  TREM2 JL 2R AT HEROR R T A

M, WFIE B TREM2 B2 745 T RE 4 S BUNK 40
MR T RESEH ,  RE 0 1k VA /)N S5 4 i A o e
fEJ1, A S i P TR B R M2 R G
PI , UL HAE G 2 i FiE 2 it b R 5 %6 &
TR, TEPRIRAS T, TREM2 - 5/0N i 5 40 i A
TrWVEDRESZ 0L, PP 22 40 M0 2 22 I B0 T e 2 vp R U
T, SR 7 T SR AR /DN o 4 it = A A1 4%
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Fig. 6 Expression of TREM2 gene in zebrafish larvae
Note: a, compared with control group, P<0.05; b, compared with

negative control group, P<0.05; ¢, compared with AINPs group, P<0.05.
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Fig. 7 Expression of neural development genes in zebrafish larvae

Note: a, compared with control group, P<0.05; b, compared with negative control group, P<0.05; ¢, compared with AINPs group, P<0.05.
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Fig. 8 Neurotransmitter level in zebrafish larvae
Note: a, compared with control group, P<0.05; b, compared with

negative control group, P<0.05; ¢, compared with AINPs group, P<0.05.
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Fig. 9 Superoxide dismutase (SOD) activity in zebrafish larvae
Note: a, compared with control group, P<0.05; b, compared with

negative control group, P<0.05; ¢, compared with AINPs group, P<0.05.
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