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Abstract

AIM

Fragile X syndrome (FXS) is an X chromosome related inheritable disease, causing a
series of developmental problems, including learning and cognitive impairment. It is the
most common hereditable mental retardation disease which only comes after Down's
syndrome. The incidence of FXS is about 1 in 4,000 male and 1 in 8,000 female, and male
patients are more serious than women patients. About 2.8% of Chinese mental retardation
patients screened by DNA analysis wereFXS™ . The patients usually can't take care of
themselves, which bring heavy burden to their family and society.Early eugenic diagnosis
is an effective way to reduce the birth rate of FXS baby. Meanwhile, it is urgently
necessary to explore the mechanismof FXS for treating FXS children. At the same time,
FXS are good model for autism research, asone third of FXS patients have symptoms of

autism. Therefore, the study on FXS is helpful for understanding the pathogenesis of
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autism.FXS is caused by mutation or excessive methylation of FMR1 gene, which caused
loss of its encoded proteinFMRP. FMRP is a kind of mRNA binding protein, which is
involved in mRNA transportation and translation.FMRP mainly inhibites protein
expression, regulating the development of neurons and synaptic plasticity within
minutes'?.

Neurotrophic factors plays roles in neuron growth, synaptic transmission and neuron
survial. These proteins are potential drug targets for treating central nerverous system
diseases.Progranulin (PGRN) is known for firstly discovered in a mouse teratoma cell line
PC,encoded by gene GRN.PGRN is a kind of glycoprotein and an important neurotrophic
factor. PGRN participates in many important physiological activities such as wound repair,
inflammatory response, and neuron growth and development. Recent studies showthat
mutation of GRN is closely related to occurrence of frontotemporal lobar degeneration
(FTLD)®. Previous studies have found PGRN level in patients with autism are
significantly higher than those in the control group. However, it has not been reported
whether PGRN is involved in FXS.

In this study we started from the study of PGRN function on neuron development and
synaptic transmission, tryingto elucidate the connection between PGRN and impaired
synaptic plasticity in FXS mice.

METHODS

1. Different genes expression level inWT and KO mice brainwere determined by high
throughput transcriptome sequencing, and then the differently expressed gene was
verified by RT-PCR.

2. PGRN in medial prefrontal cortex (mPFC) and hippocampus from WT and KO mice
were detected by western blot.

3. PGRN in mPFCfrom WT and KO mice were detected by western blot at 7, 14, 28 and

56 days after birth.

4. PGRN levels in WT and KO mice brain homogenate were detected by ELISA.
5. Sleep deprivation (S-DEP) mice were used to study PGRN and TNFafunctionin

,11,
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10.

11.

12.

13.

14.

15.

16.

17.

central nervous system.

Morris water maze and novel object (location) were used to study changes of learning
and memory in S-DEP mice after intraventricular injection of PGRN.

Golgi staining was used to study changes of dendritic spine density in S-DEP mice
after intraventricular injection of PGRN.

EdU staining was used to study number of neurogenesis in SGZ of S-DEP mice after
intraventricular injection of PGRN.

Immunofluorescence staining was used to detect effects of exogenous PGRN on spine
density and morphology in vitro cultured WT and KO cortical neurons.

Patch clamp and Med64 electrophysiological technology were used to observe the
effects of exogenous PGRN on synaptic transmission and plasticity in WT and KO
mPFC slices.

Lentivirus expressingPGRN shRNAwas injected in mPFC to study effect of PGRN on
LTP in FMR1KO mice.

Golgi staining was used to evaluatedendritic spinedensity and morphology inWT and
KOmiceafter down regulatingmPFCPGRN level.

Behavioral techniques were used to observe spontaneous activity and fear memory in
WT and KO miceafter down regulating mPFC PGRN level.

Binding of PGRN to TNFR1 and TNFR2 was detected byimmunoprecipitationin
brain.

Effects of PGRN on synaptic plasticity through TNFR1 or TNFR2 were dected by
Med64 electrophysiological technology.

Effects of PGRN, TNFR1 and TNFR2 on synaptic plasticity were evaluated by
glycine induced chemical LTP.

Western Blot and immunofluorescence satining were used to detect effect of PGRN

on downstream signaling pathway of TNFR1 and TNFR2.
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18. Spontaneous activity and fear memory were observed after intraperitoneal injection of

small molecular compounds regulating TNFR1 and TNFR2 downstream signaling

pathways.

RESULTS

1.

o g &~ »w

Digital gene expression profiling showed that PGRN mRNA in mPFC from KO mice
was significantly higher than that in WT mice. PGRN protein levels were verified by
Western Blot and ELISA. It was also found that PGRN levels in the brain fluctuated
significantly in 8 weeks after birth, with the highest level at 2 weeks. This result
suggests that PGRN may be related to synapse elimination in early neuronal
development.

Decreased PGRN level while increased tumor necrosis factor a (TNFa) level in
hippcampus S-DEP mice.

Intraventricular injection of PGRN protected spatial memoey in S-DEP mice.
Intraventricular injection of PGRN increased dendritic spine density in S-DEP mice.
Intraventricular injection of PGRN promoted neurogenesis in S-DEP mice.

Low-dose exogenous PGRN (below 50 ng/ml) increased the density and maturation
of dendritic spine in WT neurons. However, high doses of PGRN (exceed 100 ng/ml)
increased dendritic spines density but decreased proportion of mature spine in WT
cultured neurons, which was smiliar to the KO neurons, suggesting that excessive
PGRN may impair neuron maturation.

Dendritic spines density was decreased and the maturity was increased through
reducing PGRN in KO neuron by siRNA, suggesting that lowering PGRN can rescue
the abnormal development of dendritic spine in KO neurons.

Higher concentration of PGRN promoted the phosphorylation of GluAl and CREB,
producing a saturated inhibition on LTP, enhancing synaptic transmission, which will
hinder the further induction of LTP, suggesting a saturated inhibition of LTP.

Reducing the PGRN in brain of KO mice restored mPFC LTP, dysplasia of dendritic

spine, hyperactivity and the damage of fear memory.
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10.

11.

In brain, PGRN mainly binded with TNFR2 but not TNFR1, and specifically activated
TNFR2 downstream pathway NFkB subunit p52 and RELB, promoting the
transcription of down-stream genes.

TNFa synthesis inhibitor (Thalidomine), TNFa release inhibitor (TAPI-0), and NFkB
translocation inhibitor (JSH-23) were used to downregulate TNFR2 function in KO
mice. Intraperitoneal injection of JSH-23 for one week significantly ameliorated the

hyperactivity of KO mice and fear memory disorders.

CONCLUSION

1.

PGRN ameliorated spatial memory through increasing dendritic spine density and
promoting neurogenesis in S-DEP mice.

We confirm the important role of PGRN in FXS. Higher concentration of PGRN
promoted the phosphorylation of GluAl1 and CREB, producing a saturated inhibition
on LTP in FXS mice.

Excessive PGRN promotes the transcription of downstream genes by activating
TNFR2, and increases protein synthesis, causing dendritic spine development
retardation in FXS mice.

Small chemical compound JSH-23 can significantly ameliorate the learning and

memory disorders of KO mice by inhibiting the nuclear transcription of NFxB.

Key words: Fragile X syndrome; synaptic plasticity; progranulin; synapse development;

learning and memory, TNFa, TNFR1, TNFR2, LTP
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e
A=

POMERE 2S5 (Autism Spectrum Disorder, ASD), MR H HIE. HE AR —
FL PR, T T RN K B BhS S EURB - 1 PEIE fi 322 1) 7 > B0 R 3R 2
oA m®ED T B R E M E WE MK ER DL 88l A
(https://gene.sfari.org/database/human-gene/ ). FXS &A%t 2 1 [ rS Al [ FIAE & i
WL RIR RN, Wi 2 G 2 BB RO, R FXS 7EFTA ASD Jifilth X b 2%
1 6%, fHZ KL 60%I1) FXS 5 & ASD MitriE!™ . FXS £ SEEAlM.
A7 AN BRI R, X6 ) A AR N BRI SRR TR REAT IR YT, B AT TR 2
IRHAEVRTT ) Bl ST FXS (LRI WA TS T KBRS, RILT 1€ FXS
BRI B AT DA BB R B 250, IR0 R 1 29ia r il PR k46 . (H2 H AT IR
RIS 45 R Bos 20 FXS AT 209 A3, DR FXS B3 K AR I 5 fid ] 28 1
BEERS BOMLA 75 B — B IR A 7. AR SCRILT FXS i — AN RIA I8 35 K F—
—PGRN  BESEH R Bt 22 70 1 K B SRR A 22 Jo i) R A 3 . FRATT ORI R &5
RPN PGRN 52—/ J7 T 5 R Ak T LR 731, T LMEN FXS ¥697 TR
I R
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SR [ /75

—. Bk X &Ee4E (FXS)

FXSE Y H B A X G Ak AP R o) AW AL s e 44, X2 IX
Il F At X G A T B R B RS BE AR i o FXS/2 3 B i A1 ASDAH O ¥ 5 L 1Y)
BRI RIE A A 0 » S AN TR N ) 800 28 P AN [, {ELEXS R  1H: S P R i
FXS—Fhfifi 1 XA 5595 (Fragile X-associated disorders, FXDs) , ‘& +&HIFMR1J3 5l
TR = HRELFSICCCHIE EREE 5N . XLECCGH 4 ¥ FIFMR1
MRNAHT, (B Tl A 162 T-FMRL mRNARSHERIBEIX 38,  Fr LACGGE & BTt il
B RN2 B L A 1 e 11 X A 2 1 (Fragile X mental retardation protein, FMRP)
I HIM. IE# AFMRLE 3 F X CGG # 5 A5-4441, CGGE 4 A55-200MiFk
“RTERAE” (pre-mutation), MCGGH K 74 KT 200 RN “ 4548”7
(full-mutation) (Figure 1).

FERE A, MR RAR M BIR R KL /21:15141:209, F14H1:430%)
1: 4688 1A, 3R g AR 5 R AR R B A s MM XM S R B/ AL 2K 1 (fragile
X-associated tremor/ataxia syndrome, FXTAS) Al i 114 XAH 25 1) J 14 51 S Th REAS 4=
(fragile X-associated primary ovarian insufficiency, FXPOI) . 7ERTRAZTEE N, FMRP
KFRECGG H A K i 0> 4, xR MR R B o FEFMRP A 2 2 S BFXTASH;
5 R BT AS  J DR 2 — UM AR, A G TG 2R B FMRP /KT 1 41 /2
FXTASHOR IR, BV LT T A FXS & (JLTF-BA FMRP) #R A K CNFXTAS o
BLLE AR 2872 5] AL 5975 5 FMRL mRNAZK V- T 5 Ji5 1 CGG 5 & 177 417 A= (1 B¢
YA K. TR BFRNB I T & CCCHEE 7 HIIFMRLEE A K LT 5
(Antisense FMR1 transcripts, ASFMR) "8, [ CGG# & 5 51|78 20 et K h 1A B 10 i
FEA R ERRF M, XA T AR R R R I A . bR b, RE
I RAZ 8 (> 150 8) T CCGHE R A T M 51 P BFMRPRIL /KT I#IK, =
HILAEXS S AR [F BAEIR, (BRI R —L.

FMR14RAFRS (> 2005 &) FEFMRLJE 37 X1 H AL AN S8R, AT 8
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FMRPy&/b. FMRLET R & (KICCGH R 741l = b Ju AU AT — AL .

45-54NCGGH BN “ROIXIK” , RBREATRERIRE, Bhma
A A,
Gene mRNA Translation at the synapse
ormal
EGG<45 W

m@\@% ’ -@
FMRL mRNA FMRP :o:

FMRP targets: LTD in h| ocampus

ool of mMRNAs = ’
ptth and cerebellum

at the synapse ﬂ

® Elongated,
Full mutation T weak spine
CGG>200 !
CGG{GGCGGCG@\@ et TR e Jg
00 0V ®®

4
methylahon Y ?ﬁ
A

———4

o®

Premutation 0
(GG 55-200

CGG—(GG—CGG—CG@\

= &

Normal or low FMRP

Excess FMR1
mRNA

Depleted stock of proteins
binding the CGG motif in the FMR1T mRNA

Figure 1.Model of pathogenesis of FXS (full mutation) and FXTAS (premutation).

Top: In individuals with a normal allele, mGIuR5 stimulates translation of a pool of FMR1 mRNA,
FMRP synthesis is stimulated and serves as a negative feedback by repressing mRNA translation and
therefore repressing the mGIluR5-dependent long-term depression (LTD). In the presence of a full
mutation, the absence of FMRP results in the loss of translational repression. Translational dependent
activities are increased (such as mGIluR5-dependent LTD). Bottom: premutation alleles result in RNA
gain-of-function. Overexpression of abnormal FMR1 mRNA (increased CGG repeats) in the
premutation range may lead to excess binding of CGG mRNA-binding proteins. This excess binding is
postulated to deplete those proteins from the cellular pool, resulting in the loss of their functions in

other regulatory processes. (Lancet Neurol. 2007 Jan; 6(1):45-55.)
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1. ImPARIREL

FXTA B8 TE AR R, A REA L I, T A $UAT ThRE RS |
ML SR ATRETh AP RS MR i AR5, 7ER B T A H &
Thfe R AR FERIR b, RGBT P Y2 AR, SR A A TR AT
SREW, HFHERREZAE, BHITEEE. BESHEMER. MREAES
BB | R ILIR S R B R /NI 4 5 14558 (middle cerebellar peduncle hyperintensity,
MCP sign) SfEAR, TR & ME R BERRF AL & AE 40 20 T8 9 R IR AR A, 2
seifiid DNAPCR filll CGG B EHURBEAT . H RALHE W # b 20061 2ot g w12 W
N FXPOIPL, 60 % 2 BRI R BHEAER IER . EHRENIEH . AWEIEH, R
60 % 2 J&i 409%IH) T MR 169610 L1k & Sy FXTASI 2, T i ol 1:813, Lotk
RIFZ N 1:259002 24,

FXS fE)JLB K. BAH FXS FJLE@EFERMEIES KE1L8%, BAKFE N
HIBEMIIE 3R %R, (H252m 1) 5 2 FoiE SR &M EkEREgiz. sk
TR IEE R B R IWAAE, SEEKKEMEGE, AR SKEN
PR ARERS Lo ERRE IR B (0 5 1k FXS 3 FLAIE & IR AT AR I, (A RILH ARE
TEE 1B 2 3 565 (Attention Deficit Hyperactivity Disorder, ADHD) B fE 545 2 5]
PR s e ) Y, 2 8501 1tk FRE AL 30%I) 22 i 4 o HY MR e ™ 7
BN (1Q <700, EAFN Wb ATH B LA FR MM T B, XA R H
TRIPRI B, R R RE R ) LEB RN SR, RES R
(T2 TN 40 ) 50, LERERA N5 E 6 B, RELIEEZEH TS % X
kRN AREE, IRARRIEINZ AR, “F151Q 7E 80 Aifi.

BOLTRE AR FERAIBR. 230, Wsh. Bk BT, Bl g B
BE. HEHIE. AHEERFE. 29 50%0 5 M EE 12 20%0) 2t 8 2575 2 0
MO RIS AR 2, 2 13%-18% 1) 53 MR AT 4% f 221tk B 2 i AR - £ 70%-80%
) £ S LA R G ) R . BB IR, 2B — P LB
DU SRR AE . IR SERFIE AR AR, KE e, MEMATERE . FHEX
TSR . PR BN, mE S, BEKEE . bt s,

=
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2. FXS 5i1EpER

4% (empathy) — il & & TR AL EL S a0, TR A Z B
Rl R ERRIRL . (A7 052 SRS “ R N2 IR /7 P9, Decety fEIL1
7€ X9 R RERE BRAR I N BB GOIRAS L 20 30 N SRS R AR 5 ) N HR S B8 T 7 A Y
FE S AN

H AT T ) 2 B FEAE RAmIEE « IR ILIE v] LS okt o B O i % 2
[ e 1k A2 20 ) 38 o AT s iR N4 32 At LR s B i, Rl e A i N A
MR IE R B m TR, H ACC. $HBhEzNIX . R 5515 2 i X0 11
SIS T iy, AR AP L AT SOH A RS S P2 33, A A K S R
00 GRS R R A VIS, W E FAE . EH AR ARREAE . HARAE . A S FEAT

R ZLE LR NS IMRI 45 5L OB, O N IO M R R BT, R
77 [ (anterior cingulate cortex, ACC) . i A&l & (anterior ventral insula) .

TEH /N5 AR R R R VRS B R /N SRAH AL 30 73 5 LA B FEAIS, PR
AAE, E—IERFE mPFC 12 5%, SR NRIFERENIIR. — RN
[F) AR 7R 1K) 3 — /N BRI I VS R, 45 R 8 2 5 ) Hh I 0L v B il
I AH A B RO MR 3R 5 SR B R . AT B S BT SRR AG . AN B B
e = A S SN TR N R AN R E STP S YA VAL S v N s o L e e e S
HEP KRR — RF e RAE RG2S, S R BT TR R 38 171 10 J7 vk
SRR R PR e K SRR B PR A S S X DR Rt SR R R B TR K [l M

PP, Xof B2 DRV [R] P R B B BE AR s [ A e O Bl ] 228 AN [ 78 (A AR FE AN [])
HR M INRARAT Js ASF R R K R AL E R 9% 2 F A i iRz AT v )
HAE— AR A RS X T R E 2o, —HORRATBLE B#E N T 285 N E
Cactor), H.WE WA Y T HEE KR R REAREE X 7 ik B e A — N8
(parter), HHREG—NERHEY), BIXHKREBEFREEY 223 actor KRk
FERIFEMA . SEIG 45 R R actor KRR SEA A T H AR XU RS B M IE R, RRK
FRATCE R AT ]9 20, St ety 48 SR K SRR/ RIS E L 4T 0y, (B U3
TR IRRLEAR D, SRS B Y 2 B it A A5 T3 — 2D 7 .

D N1 28 AU VRN RN K B AL 7, ASD AR LDl e AR A R 2R P
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i, XA AG ASD B ML 2 A AL AT 2 DIAH O o HE I 50 A B SRR 5 T A
A2 RIS P50 1 0 THT 5 17 B XA B BRI IR ROR S . T TR T AR
FOARS 150, T HEIT A AP 267 R AL £ 00 R R 4 5 BEEI/E IYE, — BLIRTh g2 51,
i T B NFIALASAT N, XS ASD fB kA kg i 7B e B R 1, fi = T A
B ASD B BN YIREAL AL A RS, [RIE i B T DL S SRS AT A
TSl X PR R k% ASD A RS A R 5 42 L K P A

AN R E IO I IEABAT Jy 324, (H AR AU s 4 HE AIOMUAE 62 %o Jol [ R 1
B BRI BUR . BT DIHE I 3L AP ) R RIE A s T — Dk E . [
I FXS /NN — A REFAOIOMAER R, H LA A PP A4 thoR WARIE .

0

3. EPRE

TR TR IR AN FATT FB, R IR AR AN ] A o BTN D1 SE T
AN EXS SRR SR LB Z FMRP 47 8. mRNA #3125 BT T 5200
H2 LT i s R A R NSRBI AL, DR H RTHIE ST FXS shPis il s
K H FMR1 E: R BRI T2 FMRL #esxae2k, A3 FMRP 6k, 1 A3E FXS
## FMRL JTERZ i1 T CGG o 5 2 S8 364k 5121 . FMR1CGG i A\ (knock in,
KD /NRESET AR HLE], 38\ FMRL JE8h X i\ CGG BRIP4, JFH
EHlEON CGG EHHH, WA HIARE] “RIRA” M “A587 /R, 4 AWiF
(172, CGG HEHIT 200-300 KR A KA FMRL JE 37X Ak, XAfae54
AR B LAY 40 FMRL JE 31X K P IR AZAE SR e R B0 K/
. FMRIMRNA JK-FJt 7, (B2 FMRP A%, HILE FXTAS ARLH 4R 7 1 48 0 2R
SRR —— P 2 T AR TR I A M A A% R A (R S AT Purkinje 4 9k (9D
TEAT N J71E, Morris KK B Q20 FeiRig shae 715240 1 ahid B . A e
W gz, H AT R4S B, FMRICGG Kl /MRGEEA FXS il FXTAS K
M FRAL, AT LA VR I PR I TR . Btz Ah, X Fh/NER FMRL 2
CGG HE KM 200 /FA5A KA HEAL I R WA 53— B0 7T

F—FER AT Z B BB FMRL KO /M. %F FMR1 KO /NRIFAT
NBRFEREAT T R ERAT IR . FMRIKO /)N BRAE 25 A2 5] 3R PLH BA RB, EH
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5 SRR S5 B R ik 4] (pre-pulse inhibition, PPI) & A: st , 7EshA B %, I
HERG PR RAE. EMETTKEITH, FXS B KN Z A o FE B
B, A RN . FRFIILRTE FXS [/ USRS BT LU g2 5B
FEIEFEOL T, B ) LB R £ o S k2 & AEAZ BT Cpruning), £ H /b,
B S b A8 D 53, AR FXS /N BRMERE T WIT /I BB B SRR 265 R 2% B
AT — PR RBCIRZS, X TN FXS /NP L e Sk B 1R E RS .

KPR, AE FXS BA/NRHEEE X, Theta-burst stimulation (TBS) &
() 5 fir A% 33 KIS R 3 58 (long term potentiation, LTP) IE%, &AHIE (low frequency
stimulation, LFS) %S MK 2404 (long term depression, LTD) &M%, i
DHPG ( (RS) -3,5-Dihydroxyphenylglycine) 7 5 1) LTD J {2 2 14554, 2455134 Chigh
frequency stimulation, HFS) %S LTP 1IE% . #£)%/Z LFS %5/ LTD IE% 1 HFS
i S LTP 2 #5119,

ESRMR A FMRL M52 K dFMR %08 RS, 850 7 R FXS A1, dFMR
R SRR AR A0 R B, ERIMAT MR . 4IREY], dFMRP 8= S5
AP . IEBEE . SRAAT AR . R R X R G IR TG
AW . dFMRP SRR S EEE G A sh 5, JF SRR SCHI SR .

NTWE FMRP fERK G AR P RIVE R, 7R3 Sy g rp SR I AR S S SE A% IR i
REARID> FMRP; TEZAEIN P E N R SCHISERZ IR, KRS B H B . R
AL, WEER|—LE FXS R, GRS FrRREPT. R, Xk
RARAFU, KOy FMRL KO JE S 3F 5 W B . IR W], AR L%
H RV S RS FMRY B 5 0 fR) 2 B0 RT R b - AN L 51 S 1 Fe A A8 4k 3 30

/IR N SR TIZ F 0 435 ) 77 THD PR 22 e 0 ) /s BRORRE R E 98 FXS S8 1) e
KIE B MDRETT R TPk ARG Bt [ BEAG, /I B U 1y AR
TR . EEEE, NSRRI SRR TR o AN B TR I 5 40 B ) 3 R
I FXS /N BB RSA] B TCVE 7S /0 HE s FXS BB MR AL . (22 BT shi sl <+ g
W XS i AREIR B 70T L AT A7 S 201
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4. {HRRIERY

ANZEZ e T4l (pluripotent stem cells, PSCs), {46 AJSHE G T-41 g (embryonic
stem cells, ESCs) F14% 51155 5 1) PSCs (induced PSCs, iPSCs) , #24it 7 FXS #f ¢ [ 41 g
A, W DAHIREZR FXS B fa ok & MThaeERhs 5 THLf . ASE FXSPSCs
YA R ST AR R T F AN G FMRL 2 Wi A& T BRATL i AP 8 50 & & 77 T A
PR R A4 ARG R AT T S35 FXS IS AENLE, 5 2 R LB e 2 R 4t
FIpLA ? 47— EZERE: CGC W EHER T FXS ) FMRL 2 AR WAL JTER 1)
R AREMNKE b CGG HE i 200 /it FMRL Ja 31 X B0A KB H
HALAGTERDY, 20 A AN BRI AL WL AR R A

fE 2005 4E Verlinsky 564517 FXS 2838 1() hESCs MAERE 20 85 k%, T
FXS BIrEEtE, IR fE G & B 12 Wk A FXS, sl LA 73 5
T 4H M 7 FXS AR o TR T H B, AT RAAGR SE IR ) P IR 2= 40 B A (inner
cell mass, ICM) 2385 B A1, B EWIIRELLR, CF 2R FXS hESCs T K
SRS, RIS FXS hESC 4R 2 4% 35 [ [ 57 PAERFFEBE (National
Institutes of Health, NIH) fttAEAE NSRG4 Mo BT, XL 7T 5
XX LSRRI 1 . Eiges 455 — X PEANHE A 7 A FXS MRG T4 Chuman
embryonic stem cells, hESC). F#EUESE, M FXS WG AU 40 5T & hESCs Hibxs
#E, JFHAIIREE T FMRL KA . SR 4 NIRIF 2, FMRL 7EiX 620 i ik
AW EALIF AT PLIEH RIE, XLl 5 4 B WS IR, KRt 705
FMR1 JUERBL A8 v 3K (Figure 2) o ok B 21> FXS hESCs 4 it & KA 7L 4 R K
U SRR A ICM 4 B 7 T4 M Bk 399 T i HH B R R B 19 FMIRL R 4081 [ i,
RIACHI AT DL AE R B AL DIER . B BE 2 1) N3 FXS hESCs #ARiEMuTIT,
AT R I Z (PG
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EXPRESSION OF FMR1 IN HUMAN PSC

=e—normal hESC =e=FXS hESC FXS iPSC

\\

PSC NPC NEURONS
Figure 2.Neuronal differentiation-dependent FMR1 gene inactivation

Graph depicts the FMR1 gene expression in hPSCs during neuronal differentiation. The FMR1 gene is
expressed in normal hESCs and its expression levels increase during neuronal differentiation (blue line).
FMR1 is expressed in FXS hESCs but at lower levels than normal due to partial inactivation and is
gradually silenced during differentiation (red line). The FMRL1 gene is silenced in FXS hiPSCs and
throughout neural differentiation. (PSC=pluripotent stem cells, NPC=neural progenitor cells). (Mol
Cell Neurosci. 2016 Jun;73:43-51. doi: 10.1016/j.mcn.2015.11.011. Epub 2015 Nov 27.)

5. &mtlLE

FMRP 72— RNA 2565 H, 5% K mRNA 256 DLl Hog A i, 1X—
RS FMRP TEMZ TR E « DRSS fid ] 4k 7 1 % 4% 25 5 52 10 47 R 07090,
FMRP K SEE AR ARG, BimF24mNESBgES, 88 mTOR,
mMGIUR5. GSK3B. ERK1/2. MMP-9. endocannabinoid. BDNF. PI3K Al & il # .
PRI ALY, FMRP fEMA Tk Bl E 2 X EZENIEM . FMRP
= SEPZ AT AR 2 A R AN ik, IR, R IR
JRBFRZIGIIBETS, I B A Z R BT, FMRP B (44 0B R I
2 TCM R R T AS 0 o SR 1 FXS /N ) S0 45 R dh e 7 BATTHE FXS fy#E
fi#, 16 FXS BF M CEPAT T —L2Wik. FMRP X T-id sl M 1 5 i Ji5 B A gz
& B EEfERT M,

FXS ) mGIuR Hiti\hy, FXS v 5 1) 5% filh T e 0 56 75 T 1) 5 AT 9 2
MGIUR KM E A AR ER R, IR RET = FHMIFAER: H%k,
MGIUR #H 51K T HEAR G M: 8=, FMRP /E3—F RNA &5 EH, £&EH
FRAEMIE R “RIEER 7 =, FMR1 KO /MREHLH mGIuR 4558 i 0 K 11 9
A SRR, Sl FXS R HLE] et A i 1 5L
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Ty R 3 A ) 1 e 05 ST -GABA, A T B0 S S A
GABA ifiid GABA ZMKIEIEMH . GABAA AR — LA s A TIliE,
IR EME IO . T GABAg /K T B RIAFERAMAT, =2 —Fh G HEAMIZ
1% (G Protein-Coupled Receptor, GPCR) . GABAg 32 4 ik 111 1) 2 firh By 75 SRR KRR L
B G E I N ) A B 1@ B (G protein-coupled inwardly-rectifying
potassium channels, GIRK), 5|#2 55 & u R A, AT FRAR % 7 P2 R ik FX) 4
RIRMEIS . £ FMRIKO /MR, GABAg 2SS L0 B A S5 Bk A 25 el 2R
F M ZFATRNRBGEAL; BTIRER IT LLBOS GABAs Fll GABAA 5214k, XIMT LAtk
FMR1KO /M2 iR, 5 WT /MAREL, FMR1 KO /) EUisi F et GABA £ i
) 52 AR (1) 208 7K1 22 PR Im PR AT O 98 387 1 HUIU 25 H 2= i 2 —F
PR K E R GABA ZARIER TR, & HATHE. DUEENTURRIEN, it
FMR1 KO /MR [y JLA e A4,

6. FMR1 ZERREIHE

FMRL B[R F BRGSO AEIE ] FMRY RS L R U8R/ L,
FXS B W EAb &1k, REMATR CGG EE P4 200, H2AMMATS K1 —
SO i WV ARE A A IR, — LA g B R ALK BUIR,  BRAE R R B — A E
L DR g A TR AR, Wb R A SR I B S R TABAIT CGG R kL,
FEIG R _AAT TR B A i e R 7200,

WFFEN 2 AL T A% AR 8 A% () 7 V20t FE s 5 FMR1 3R B 731
HLHI®S (Figure 3). DNA SR VEHE T 454175 FMRL B K 5 37X 1 4 A%
K7, 'e411% 514 a-PAL/nuclear respiratory factor (NRF1) . specificity protein 1 (Sp1) «
(histone H4 transcription factor 1) H4TF1/Spl-like. myelocytomatosis viral
oncogene-c (c-myc) » £ ZF 1 4 FMRL Hh 334 211X DU AP % S R 1 456, H
16 FXS B AN b Eq15 FMRL (45 &P, ChiP i e 4 R, EF 4l
¥ FMR15™ JERIIEIX 5 2t Ak H3 R H4 455, TS0 7% 5% . 415 3 H3K9.H3K27,
HAK20 HJE Ak 2 #ifi B R ks H3K4. H3K36. H3KT79 HIE (b 2 el i R 5k . 7E
FXS 4y, FMRL JER ) 484k H3 T HA /KF B35 B, 96 H 2Bk H3 [KF
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5 CGG HEHA L. Ak, FXS i H3K4 iy AL gD, T H3K9 HY AL 1
., 5 FXS giffar FMRL FUTERIRS — 2. HE B LB A R T FMRL
AT IXo dah, NEMIET4EET FMRL JTERS (45 H3K4me2 78 P (1) 44t i isiE ik
ASHbR B0 R FE H3KOme3 7 A A4S (o0 R 4 AR 25 (b ke i 5P, 4k,
XF FMRL J& 8l K AL I 2 A8 B it B it i k3, HR 31 X & 4Bk H3.
H4 FTFE AL H3KO J58R38 i, X 1 B FMRL JE K BRI 4 2 (1 iZ 1 v g5 DNA H
HA TP, REFELT E SRR, i FMRL RIEMHLE 22k, 5
—7J71H, FMRP C#FB AT LS miRNAs 454188, A% FMRL JE 8] J88 7] DAgw A £ A
K55 JE w75 RNA (long non-coding RNA, LncRNA) 8284 EXS g3 3L K 2 T [ FMR1
MEAT 2 AE D R A LA, 1 FAM 11APTRI— 26 (K R 40AD RNA, 11
ASFMR1I®THT FMR6,

H3K9-me3
Fragile X Protein: FMRP

Normal

Inactivation

H3K9-me3,
[Fxs]

Partial Reactivation
(5-azaC, TSA,
Butyrate,SPT)

H3K9-me3 Fragile X Protein: FMRP

Reactivation

Figure 3.The FMR1 gene promoter in normal cells is unmethylated and is enriched with active
chromatin markers such as acetylated Histone H3 (Ac-H3), acetylated Histone H4 (Ac-H4),
trimethylated H3 at lysine4 (H3K4-me3) but low in inhibitory chromatin markers such as trimethylated
histone H3 at lysine 9 (H3K9-me3). The FMR1 gene promoter in cells from FXS patients is methylated
and is enriched with inactive chromatin marker such as H3K9-me3 but low in active chromatin markers.
Treatment with DNA methyltransferase inhibitors such as 5azaC or HDAC inhibitors such as
trichostatin A, butyrate or splitomicin can partially change the histone signature and reactivate the
FMR1 gene.(Mol Cell Neurosci. 2016 Jun;73:43-51. doi: 10.1016/j.mcn.2015.11.011. Epub 2015
Nov 27.)

FMR1 ZE [ Fii#2) 685 3] 800 ML E RIS B &I T AL T, LU 5% X 5
LSS R UM E AR, AFE4% 8 CCCTC binding factor (CTCF). FXS #fifiu
CTCF 5 FMR1 Z X #1145 & 5k 58 CTCF 4540 LAFHIE FMRL JE R YTER, (HARE
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BH 1 DNA FEEALBO, BF 57 A\ B4 CTCF 7] LA i W e ik iy R R I . 55—
WU NI T4 R 7R 0, AR ARSI kS5 T DNA 4R AP,
H 5-ZAMEH FMRL BT IX EHEME, CGG EEMRLA mRNA 20T
H3K27 FREAL, IR M, OaRf fir st 2 CGG EAM FMRL mRNA
2> DNA 454K )% R-loop /v T FMRL JLERP® 0, (A, Wl e 2 ML AR TTER
FMR1 B (11 A

7. FXS BY&TT

7.1. MREIRTT

FESHRERIT A TH , R — 2 ITRB VA o JE SRR HORS 1o 26 R RN Bl 22
IRIEBURIGIS IR . ('S _ERR B BB B st 2% (adrenocorticotropichormone, ATCH) %5
AJFH T 220 FXS BOREIRCA . < bkt Co SO 22 B F IBCHERI F2E B 7T e 1 b
B, WO, D, UK. ZIREE, BT s o, O R
BRI R B AE R LIS AT SEE. mhaliTh. BukATh, AR
SEE, BRAE TN R L,

7.2. ¥R MR TT

BEE X FMRP £ R Al BRI DhRE 1 Aok Z, W 5o N 3012w ad 1 1 RS
RARPNE TR Th eI YT FXSEA, BT LATEX K25 W Wt 78 5 TP JE T K A
RILT —2E258), (B I PR S5 1 45 R o b AT B 5O AR (R R0 R A B B B
YRR, P bh B RTA IR ETEE XS FXS IRFRLE, SR A ()3 LSR5 X0 T
— DI IR B T R %

AR T < I8 TR T R B IRE o AT 2R 259 n] LLIHI RAS & F s,
Xt FXS gl s F B A RN B 1o IS ARATT AR 9 — M g5 R RAS Hi5),
LTI RAS IR JE Al R SR AE AR b, AT 1 ERK {5 53l i A
> FMRP ORISR E F RS e AT 22847 VilmRATRSS, TPl Ralk
BRI 400
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THINR: ATz AT 2 BORE AR I 250, e ] DL ERK S )
B o S ARARTT R Z HXUIA YT FMRLKO /N R A IE T 56 8 AR I A BRAIE N I 2
Fhge L,

RF4REERE 9 (matrix metalloprotein-9,MMP9) :  J&—F 4l il 4 MMP, #J LA
8¢ ff i B3k S sk L AN AR 8 BT R AR AU, 76 FMRL KO /MR ZH A R Rkt £
MMP 35 [ i bk At F 41011 750 K 15 2R 2 AT 40 1E FMR1 KO /N BRI 22 Fh g 341000,

. AT MHIH) GSK3 2 5 E & A, 18 IEEIEYT A LA IE FMR1 KO /MR
Aol

SURMR & 45 A -FR A BB R ES  (Striatal-enriched protein-tyrosine phosphatase,
STEP): RIA(E LN X sz o, mLMEM T4 AMPA %24k, NMDA Z1£.
ERK. FE&EFRIEF Fyn. &% R 2 (A I 2B (Protein tyrosine kinase 2B,PTK2B) . £
FLF G G p38 TE N 2 AME 27 . FMRP 1] LU 4% STEPMRNA FIE 2,
FMRLKO /)N i ik STEP 1) B35 58 fil o i W A1 22 b S 5 47 Ay e AU 0021,

W FEA S 1 S6 1 (ribosomal protein S6 kinase beta-1,p70-S6K) : X 1 = 4 Jifd 25
AR A AR G EE, FF0 LAY FMRP (W RR1L, 5 FMRP GG &R A&
BAEINA 5. 75 FMR1KO /)N B, 25 R i B B 2 P 4 i p70-S6K, AT IE 2 A Y,
1B 2 H R RIE A N [ SeK 4 70T,

CB1 #Mil51: mGIURS W#E v] L= A IR PE R, WO KR 324k 1
(cannabinoid receptor 1, CB1) £ 5] 42 LTD. 45 F FMR1KO /)i, CB1 #1155 L A8
HEAN NESS0327 W] LAIIHIIE FE T (1) CBL 15 538, FH4 I 2 AT Ry 0o,

p21 B4 B 5 %k (p21-activated kinase,PAKS) /& Ras fH5%H) C3 WK JEY 1

(Ras-related C3 botulinum toxin substrate 1, RAC1) F14H g 4> 2445 2 4 42 (CDC42)
N . EATEZ RHO 7 GTPases, 5 WAIMEZETIRE. A HZ. E3)
S . #EIRIE, 76 FMRIKO /MR, PAK {5 S EIG 8, 1Mk PAK J [ 5 ff
i PAK $11] 7] FRAX486 1] A4 IE FMRIKO /MR AL H H AT A RIE A A
Az OE TR

AMPA #iliE: AMPA ZARSZ R e B T RB Z IR 2, - FHRER AR
ZAkih. AMPA B, 1 CX516, J& AMPA SZARHIE AR M. 7E FXS H,
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MGIuR K6 ¥ LTD i FE 5%, 53 AMPA 246 GIuAL 1D, iX 3% B #4598 AMPA
ZARTHEERT BE LG VAT X . £ FMR1KO /N B G BTG R FT AT 75 . CX516 7E 1
il PR R 56 v ok LT 24008,

7.3. RIIRIEIATT

% B E) FMRP 75 K& mRNA RIS Fl CUANREES, AT LA FXS B2 g 575 1
SEA VS, RXMEHR SR DL R T IX E S 2. BT AT RN G T
i PR VL AL () 7 L E B R FXS 3% FMRP [3R5E, Rt 7 R B &7 10
I R A RAAMEIAEAE, BB 25 B2 1 TV 2 FMRL #5%
FE AT, DNA A AT DA 5-%UR It o 5- 2802k I 7 4 i A2 i 2 vh 5 i 4
AL, FEAR T 3] DNA F3R R, 1998 4, B 7L 5 5-F 44
FALFRAGME X R E eI, @i RT-PCR #:011 mRNA F1 Western blot 631 2 14
JE R I, /N4y (5-10%) b FRATAEH KB T FMRL fIRIEN®, BT CGG HE HY
B0, mRNA BIFEICREE, X AEE FMRIMRNA RIS H /K F 2 18] B 5 22 55 11 i
B 5-FA A T 5 & R A 22 WAL (histone deacetylase, HDAC) #1171 T R
TR I R ABCA R, B RT-PCR R BLEA 1N FMRL H¥E A A
PrFEE T, SR, P4 HDAC #HIFIA & HAREE S FMRL (L, X%
] DNA HIEALXT FMR1 BIUTEBNGE 3 e . #E— DR FRIESE 5-RA BT RIT IS,
FMRL J& 8l [X 2 2 25 P 3EAR0O), (B sl ) 5- %044 M 5 HDAC 11 7)) 6 252
RN BAT TR SR B A B R 2 . SR, I B PRI i e 25 24 J5 10814 2
RFIE, R RINETT 5 R IR BN M e 2 B5om . 55U Mt 514, iy
B = A23 1

7.4. BETE

FER) FMRIKO /I BUOSUIN fi% 5 A 33 25 S B i A 530 25 (AAV9) K1k FMIRP.
Western blot 14 5% 9% 45 R B RSUIRMA . 5. $077 22 B FMRP ({315, 76l
LR E, S 56 Rk 2] WT /NRKZ) 50%7/KF, JF HEZAT N i E
15500 B2 . X g LB VIE R 7 SRR YT AT LA IE FXS /N BB 4Ty S 1L
i CRISPR/Cas9 /i 3£ R g B A K FXS IRNG T4t FZ 2 1) CGG 741 8]
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P4 LLE ] IR E FMRP ik, M Tj 2 1F B 34 118

15 B RERS

i 3 5% A AR R 2540 « BT 1) FXS I RAR IS 72 1 22 A2
HARVE 2 20 0] LU S AR B 2 0 RN 3 GABA BEMIZ AR 1, (BB R A
HARIR Tt My —ME BB AR, W5 Sy a] OB 25697 538 s &
FHIER . AR, R IXESZGYIE FXS ShRA ORT 7o 48 AR RIS, (R
ARG I AR A LT R I, 56 FXS (I PRI AT /1ESh 1324 Mabxt—
FhIS AL PEA 20 K B B B A T P 25T R, FEIX — i B2 rp kA5 0 2 50 4 2
REUFIR — R IFIR MBI . FXS e 4 R & S 2t R i i i B, ARoRAE
X — R DR BT I 2 Rk P R e B, et I PRI B BT, e
[ 285 AN FRAE

=. BEAZGIHK

1. PGRN BI4&#

. - — - . (5 hPGRN
Anti-inflammatory N e oy aae o (593aa)

o ;‘H-‘h--—-‘
C’D..CPD.TCC...G.GCCP...CC.D_HCCP...CD..C
SLPI
“lastase

fea'ne 28 @
@

Pro-inflammatory

GRN peptides

Figure 4.Diagrammatic representation of the human GRN gene, progranulin protein and its proteolytic
digestion pathway to granulin peptides.

(Top) The exonic structure of the GRN gene (dark blue for UTRs). (Middle) The protein structure with
lettered boxes thatrepresent individual granulin modules. The thin lines descending from the gene
structure indicate which exons contribute to which proteinmodules. Secretory leucocyte protease
inhibitor (SLPI) binds at sequences between granulin modules to protect full length progranulin from
proteolysis byelastase and other proteases. Intact progranulin blunts the inflammatory reaction and has
growth factor-like activity. SLPI therefore promotes theanti-inflammatory and growth factor properties
of progranulin. The bottom panel illustrates the cleavage of progranulin into granulinpeptidessome of
which have proinflammatory and anti-proliferative activities. (Brain. 2017 Dec 1;140(12):3081-3104.
doi: 10.1093/brain/awx198.)
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H1 GRN Z:[A gt ) PGRN & —Fh/pilb RS . 45 7.5 R IRER HAF 1
FURLAR R I A5 38, AN 12 SR . PGRN IX FhMURR ¥ 2 24k 5 F
AR AL, ARBEARTIRRKE. PRRA . RAE. OB E. #h
ZBWFEBEAThEESE . GRN IR RAZ T8 PGRN A & 7] kg 4 5l i 4% 14

(frontotemporal lobar degeneration, FLTD), X & —FiiET ML IcE%, RIUND
MR % (frontotemporal dementia, FTD) M1, 53245 i e A F], FTD & —Fh 510
RAE MR, RAGEIETE 28 3] 55 % 2 8], “FEIRWEERH 38 £, FTD & GRN
FHORI — R, FLAFIE R M2 s A S B AL 30 TDP-43(TAR DNA
binding protein, encoding TDP-43, Hi TARDBP Zfid) (K. ¥T4E3k, PGRN K&
IR BT R CHARE, (HURT D 7. FERTRRKIEEH (Alzheimer
disease, AD) Flii 7% (Parkinson’s disease, PD) HISZIGHA 1, #)1 GRN ik
Y LA AR o R,

PGRN 11 593 M S FRIL A AL, ARMEILILI) PGRN 70 754108 68 kD, T fliJk
LI PGRN 73757y 88 kD fifi. fEANE T H I A 4B . A0l i o ks 4 i
Gy, AR R GE T AN A TN IR LA RS s . IR BB R, LA 6kD
)22 i SR AN BURLAR B 1 (granulin), HAFKA epithelins. B4R PGRN Fili
Rtk R A S, (REE AR, Bilin, PGRN RIFEFLAIEM, MW
kiR I BA e R ThRE. EAMAERTTIH, 6% PGRN (2t 2205, AR I
RLAREE E AT R A R AR K, A AHIAE K. PGRN 5 R0RLAAR 8 1 2 8] F~F- 4 H 4>
WATEY [ 41 it 2 (I 141 75 (secretory leucocyte protease inhibitor, SLPI) 5, ‘&l 5
PGRN & 10 il 3814 2 5 g A0 FL A o 4 28 1 BN PGRN 97K /i (Figured)

2. PGRN fERIARIFTRIA

ERWIR BT, Wik PGRN FIAHAL, BRI HIE K mig e, &
FETRAE R R 2 ST RN TR AN L, T B 2 TR IR0 R 440 D =5 5 P4 5 1 /K
T2k,

VEZ WSR3 3 Mk S A AR A 2 TR ASMEG PR 5
AL TR I B E R R T PGRN 2k . 78 R AE LB A P R BB ALAE . B
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GRBI R AD Je 2 R MRS IR, N4+ PGRN i thigg it

T GRN RALFEFTLD, WEFEA GHEM R AT #H PGRN Kik /KT (k.
Xt NTE J2 GRN 2825 #5311 \FEM) GRNMRNA /K F3EAT 04, 45 o~ GRN 2848
A5 VAT T AR AN B S0P A2 [ G X /N AR B2, PGRN £9ik/b, R
B —HE. SR, ATER AR AR ™ BT AR X3, I 5 /) Mot 4 e o ) 08 I Ao, A8
# GRN mRNA KV & T, Eprg R et gt ifiE, #5502 GRN 3
RemR AR AR B, WL B/ M4+ PGRN B IE N, X8 PGRN 25 T #&
Gy R A,

WA IS 225101 )5 PGRN A M ANTE#E . £ AD /1N B i 25 208 BT Bk
K724, PGRN FHPERIfH & o i 2 . (25— NN, #i4& JoEd
i J5 PGRN FiE ALy Anloa 1230 2y D241 35 o L ) 22 S i vl T 4825
P P 0 A Bl 22 e A PO T 2055 22 P DR 3R I BT

BV 4nnr LL1E PGRN HRIA A M7 HHRE: —, fF£EBRIMHE
21 P RIAE SRS P H L T SR A PGRN RIAIT 28 =, AR AN 35 0 N SR SRR 1
T2 J5 4 RS 0 B 7K S PGRIN 1486, 48 1 36 5 W 1 28],

3. PGRN fE#HZ A BIThgE

3.1. PGRN 5#HZR/5EHEK
TEPE L, PGRN X IEWIZBI & TR B A& oM R, 733 B2
Ve, 28 JEARBE SR /N RARZ 0, PGRN 5 4% GSK3P R #E 4 ot 51 4
Ko GRNKO /N5 X CAL HE A 28 7o 58 K i gk /14281,

3.2. #EFER (sortilin) 5 PGRN
SRk E Csortilind & —Rii& o EIMEEIREE, AJLAE KK, s
Fl s Bk 2R R 478 75 IR BT & (pro-nerve growth factor, pro-NGF) 1291, 7e 4
Ju, sortilin HEUEBIH LA PGRN 254,  JFAR I P A1 R A [a) i B A 2
DR A A A A 48 TR 57 1) PGRIN 244 Sortilin A5 1) P 4 F 0T LA B4 PGRN
ACFI, B —ANELIER) PGRN 2R BAZHEGE — AN NI I01E S, 39z A7 iEE
XKW, FH 5 PGRN ZhAE 5 sortilin ToH B34 i sortilin % PGRN 1
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FIAL R T B AR 7K B 4%

3.3. TDP-43 5 PGRN
7£ FTLD &, TDP-43 #id BERERR AL . 72 Ak, FFRLMARAE 1 C i v BL. 7E GRN

F /N BRASRRY h, fs 2H G 25 SR S TR o2 S RN P TDP-43 i BE W IR A0 I 58 A B iR
ML _EJF, TDP-43 2 —Ff RNA 558 H, BEWS LS4l i GRN mRNA 0 [
f#t, 3 PGRN 7KF BRI, S Al il — AN IE SBRIE R, PGRN Ak /b 51 A2 M 4 2%,
B4 7 E TDP-43 1E4M ot A R e AL, AT 512 TDP-43/GRN mRNA H)4hi&, #E—
A BEAK PGRN 7K. fEfIE T, FIREAEAEE — X PGRN AN 2 i 2 e, —
B X AN, #ie 38 PGRN #KF1 TDP-43 (4R E N, BREH FHmE
AR AT M AR ) R A1

3.4. PGRN 7E58fil AT ¥8 44 th 94E

R R 2 (RIEHEIESE PGRN ZE R Al rT P A B2 H] . H SiRNA I 5
2270 PGRN J&, WLEEHI 5 /N 0 K5 B R HORR JOH 256 1y e A8 %), 7E #6715 GRN 8748
i) FTLD % R UG P 3805 B & A Ak Al s 7 ik — 510, B 5wt % 9,
PGRN LI Sk 14 75 20233 3% 58 fih 5 M AN ol e D37, gk, 0036 K A 77 25 GRN
FEAR ) FTLD F 35 13 P T R R A 56 DR G 7 vk, BF 8 PGRIN 7 2 fid ] 9 48k v gy 41 T80,

3.5. PGRN FRZ# % L

A JLIUHE 7 CZUE B T IEAMEE R T PGRN IIFEF - PGRN A& 2/ R AR
B IR TR HoOp Al NMDA S35 #5 L B ANEUR . AN PGRN B AT DA e
FFER 142 (AB1a) X K BRUF AR S 97 1 2R D 2 oG 1) 8 4E°%. GRN 28 5
IPSCs 1753 73 4o P40 22 70 KA Bl o) 70 P S P L 6 T, 2 ) 2 A e 41 ) PIBKCL At
MEK . MAPK {55 3 % 30 ) 771140, 78 A Ay S o, SRFH 025 2570 ki 9 1L 36 1% PGRN
B0 R K P 3 ik PR 2 SRR BT B MPTP (— M a5 K, AEUSRLIR 2
Ji 2 B RE A 22 0 SR 4 I S ARZNIBAL) . GRN RAB/NRME U T2 .
MBI, PGRN Xt Hfth 2 b 51 &2 SCIR VR s D4R G I 2543 B0 R e A 43
BTk, M GRN 748 £ 3 [ iPSCs 73 AL I 28 T0 1 45 R SCHF PGRN X B2 S #4
JCAIMBE T A (R E ;. R H GRN AR/ RMSE RAER I TEARSEI BN T
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PGRN X i 7 #2335 3R 0547 frI 7

3.6. PGRN 5i&ifg{x

TR T AR AE B FTLD 32804, PGRN 2 5IAREAR K IE % T6E, GRN RASAH
KK FTD IR S5 A 5. ANRAVNRP GRN 4i4 7R S SEAREA IR ™ &
AR 191 £ 5 GRN ARGH) FTD wh, 32 ALK TDP-43 190, X7k & 4 i
bri&feszfH. Ak, 5 GRN AHIRHIEE E Sortiline TMEM106B Al 85 0 & 1 i
1 (prosaposin) #B.5 vAlEA& D) fgAg 034 37 145.146] | g 15 pGRN 454, Sortilin i&
55 5 Bl 1 i s TR A A T G T R S ol IR s 2% (1 (sphiingiollipid activator proteins, SAPs)
ZEE ST VR TR PR I IS T 6 75 3R R I S B0 B A Rl SAPs (IR 14,
A[LLE PGRN 454, i PGRN FIREZ 5 X —(F 51k . 1EZF/ MR,
PGRN A /&4 fif TMEMI06B #8111, 1M 2k Kl B 22 70 TMEMI106B 2 1 i fiF #65 2 ()
frpTARel i e, A2 TMEM106B 1 GRN FJE R 2R AT 8 5 N 28 K i o sk
LA R X RN FTD wh, e BRI 24k H, PGRN/TMEMI106B 155
PR R —EEH . 1AL, PGRN MFRMMEC AR 24, 7R Y] PGRN W] fg
SRR R P AR G R A e,

3.7. PGRN BT {5 5@

FEYFZ M2, PGRN 1] LLEGE ERKL/2 A1 Akt 15 5@ . PGRN #1470
I Akt 1 GSK-3p Bl 1k, Akt EEREGE, GSK-3p Jim™, fkk GSK-3p M4
BELIT PGRN (478 32 FH Y, X s 5E LR B, 7F PGRN 45 (1 G 58 A K Ao
ZTCAFIE T, AKYGSK-3p il A HEAEH] . fEAEMZAcdifiih, PGRN 5k
fifi (focal adhesion kinase, FAK) {13 43 5<%, (B R A M2 Jo b 7545 248U PGRN
T FAK @ IEATE R

Ak 2 FEERB, PGRN 5 Wnt 55 /HEA/EH. Fit, —IiohaeitrEaA
FOPRAERERY, £ — D NFEMEFTAAN PGRN sRZAH FTD KM, AP T
PGRN 6k, Wnt {5 5% 0] R E %, wntl Fl PGRN {154 & —Fh o vk i 4%
5 R ZE 3B AT GRN 248 [ 9bk B4 i A, 600 128 L 1) WntSa {5 5 R 3s >4
FIF#E GRN 2845 FTLD &35 1) iPSCs 5 N4 Jo /e, W EEE] Wit {5 5 1
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[ 5 B 0 7E SH-SYBY MR g 4l Lk GRN J, 20 BRIl 28 i) Wint 05K
EEEBHE. T Wt {55 T BUREANACIAETE, B IR AR FTD
PGRN A% f2 7 A g —Fi i £ IS 190,

4. PGRN F/)\BEBR4mAE

KN A PGRN EFH IS FAHXT 80, (B2 A5 IEHE SCHF PGRN 1
PURAER . HIBASFE Y Toll-like receptor (TLR) 324K, GRN KO [¥] W 4 f Al /N B
okl e e A= ] S I S D U AV L D TWaa k- C A it o & s ER T D
MEFIRUU LR, CD11b-Cre SRR /N BT4iflH GRN J&, MPTP SEH) /)N
R B TP TeAE T R R R 2 NSRRGSR IR /N R, SR siRNA &
PGRN J&i, LPS %S/ 2E 4 N 7 B Bk b 020, S —H S R, AR5/
SN R BT 4E e s PGRN AT REAANF IIVE ], AT e 2RIk PGRIN I EE PR
PGRN TR Z 5.

TEREE 21 T, PGRN SH/NK G AN - . /N 2 SR IX PGRN [
VB R R AAI I 1 YA ST ST B AR AS /N R 4 P T, el 18 B ik
PGRN & H B 15 R 40145 T PGRN #E AT LU HE /N IR 57 40 M i 30  1X L8 44fs 5 PGRN
/IR s 40 a1 VR FH 58 42— 5. b4k GRN KO /N RIS AL /N R BT 40 L Ve A ¥
NHIT R IERE, MM E—2 U B PGRN 1] LUE gk /MR B4 i bl 72, HIHA
NS

PGRN AJ DA% LR 20 B A1/ i B 40 M %) 4 /B F -« GRIN KO /)N B 5 e 4 i
Tl AR A A AR B I B L WT B B 1G4k . BE2H PGRN A LRG58 /N K
JRAMMLXT AB1-ap B PY AV FHIOPL, SRR /I 50 5 400 MR AR 503 4 ) 7 Wit ek 22 8
PGRN 7K-F[ 5200, {H7E GRN KO 40 scie M in s PGRN Y SE46 Hh &)1 f — ik
MEFE] T PGRN MANFER

5. PGRN BY5{&

FENUR A A I G A E TR O, e IEEE T 52 R8s & RIEER .
EFRME RS, BT sortilin 48, PGRN T LL&E4 SLPI. JLFHEL R4 )8 & A
MMP2. MMP9. MMP13. MMP14. MMP17 121591 - ADAMPTS-7 (—ANA I /IMIU
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S B 48 M, 7 AR SR R R 4 R R ) D00 4 e A R AR - R SRR O R A
HERAEFEAM, XA LR R 5 PGRN 454 1] LA oh bk

AL PGRN 454 (¥ 2 (4% sortilin™® . TNFRI® ., TLR9. DIk,
EphA2 (Ephrin Type-A Receptor 2) Pf1 Notch 524&M°), 41 Ffrik, PGRN ilid ¥ %
K B sortilin e X M 454, sortilin 7 LA 404 PGRN 7K 187, 4
Ri&, PGRN W] DA% G445 5T TNFa 5 TNFR1 A1 TNFR2 (1145418, B ARiX 5 PGRN
FERRLZ JE 7 T FOAE AR — 20, (BB AR 7 & B PGRN AR5 TNFR 45 4108 199 iy,
4, PGRN 14 TLRO 15 5 KW v ME A B 7, AT A5 CpG ODNSs Al TLR9 45417,
875 T PGRN 5 4 AE MIFHZ G ig (g 4 174,

HHBAS 4ttt F£iE PGRN /N PFC, 45 8427~ PGRN 1] L%
Notch {7 5@ M1, PGRN i it Notch 5244 M 445 #4938 AT LL 5 B 45 VU4 Notch 3244
£ DO 1 b 7 440 RN P B 4T B PRI A L TR S B2 VAN EphA2 7T LAR 5] PGRN,
Ef PGRN 15 5104 F > 717, [H51&102, Ephrin 1 Notch (2 54112 H]
fF5238im, — AR A KRR T LS o — Nl B 5246455 . (B2 PGRN
A RNEE BT 5 Notch Btfk sk Ephrin —j&£ 4 7155 Notch 32 4& K1 EphA2 k454

& B Notch 5241 EphA2 524k 45 & ik A i 280101

]
amy

£

nucleus
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Figure 5. Progranulin binds to multiple cell surface receptors.

(A) Progranulin (PGRN) may influence inflammatory signalling byinterfering with TNF binding to
TNF-receptors[lssl. The arrow indicates activation and the blunt-ended line indicates inhibition.
Thequestion mark indicates that not all research groups detect progranulin binding to the TNFRE8 16
Progranulinis, in addition, a cofactor for CpG binding to TLR9 either on cell membranes or in
endocytotic vesiclest*™"!, (B)Progranulin may influence non-inflammatory cell signalling through EphA
receptors™! or by notch signalling™®. It is not yet clear whether progranulin forms a complex with
the receptor and its typical ligand (ephrin or notch-ligand) or acts alone withthese receptors. The bent
red arrow indicates gene expression. CpG: unmethylated CpG; EphA2: Ephrin typeA receptor 2; Hesl:
hairy andenhancer of SPLIT-1; Heyl: hairy/enhancer-of-split related with YRPW motif protein 1; IRFs:
interferon-regulatory factors; MAPK: mitogen-activated protein kinase; MyD88: myeloid
differentiation primary response gene 88; NF-kB: nuclear factor k-lightchain enhancer ofactivated B
cells; NICD: notchintracellular domain; TLR9: Toll-like receptor 9; TNF: tumour necrosis factor;
TNFR: TNF receptors.(Brain. 2017 Dec 1;140(12):3081-3104. doi: 10.1093/brain/awx198.)

=. TNFo 5% 3Jielk

FEA T, AT I PGRN F#{K S-DEP /NI N TNFa /KT, JFilEid TNFR2 5%
PRI T I R B RIRT BV R T RE, BT DA TNFo /KPR 22 5200 PGRN 1) RE -
TNFao {E NGBS =R IF K2 40 4ERT. TNFa & JE1ERN—1> 26 kD 1 11
T s L 2 1l e AE AN |, FR O membrane TNFo (MTNFa). #4055 mTNFa
W4 8 A ——TNFo 1L (TNF-oconverting enzyme, TACE) 7Kfi#Ek 17 kKD ]
TNFa, #t— RN 51 kD AT E TR - = 5455+, #KCN soluble TNFo, (STNFa)
RAFR NN BBV DTS L TNFo Bk T % %098 R G040, IEER AN RS &
GiEATEER . AR, & BRI it BERIA TNFo 2401 35 4 5 [l g
A2 e b mr S E VRN 2 ST RE . TNFa 25 T 184 LPS A3 R /INRITIZ %
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5078, XK TNFa 24575 2 102 10 AR i B AT B R B, 2% 51 J5 K BRI TNFa
ACFFH R, FFR TNFo RS 82 4 5 /N BB 32 (K2 31 /g 10 32400, TNFa 7
DL A A B Fe i 4 T I Sl (synaptic scaling) 183, (A REmg S IX ff LTP
A1 LTDMH, ik s HLE R TNFo 3 B2 0T BRI REAS 2 B0 2 51 2 5 SR IZ B 3

TNFo 83 P24k TNFRL fI TNFR2 RAEAEH] . TNFRL ] LA mTNFo 1
STNFo #3%, 1 TNFR2 I3 {111 T 55 mTNFo £5 41, TNFR1 Al TNFR2 B0 s 1
MG S BB AR, (BF—SESM R, Gl Ees 5 8T L2 NFxB
A%, {H TNFR2 X% NF«B fIsZMIAHECT TNFRL SERFA, B0E 1 NFkB JEH: A
[T TNFo 45 & TNFRL JE S0 w9 R4 8 11 TNFR1 A 2CSE T 48 (TNFR1-associated
death domain, TRADD) il Fas #H ¢ 4¥ 135k (Fas-associated death domain, FADD) , & #%
T EM, 52 MK, TNFo 454 TNFR2 JE#0E TNFo Z2AHI SR T 2 (TNF
receptor-associated factor 2, TRAF2), ik NFkB A%, &8l NIRRT, KIFER
EEAE R (40 Figure 6 TR ).

TNF TNF

[Fesesvevsvevesesee

W - i;:;;j::’ . A
} }

Figure 6. TNFa and TNFRs. Complex interplay between soluble and membrane boundTNFa and their
cognate receptors. Membrane TNFa is cleaved byTACE to produce soluble trimeric TNF that binds
TNFR1 and TNFR2. Membrane TNFaalso binds both TNFR1 and TNFR2 molecules. (Nat Rev Drug
Discov. 2010 Jun;9(6):482-93. doi: 10.1038/nrd3030.)
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IEX

F—Ha BMEARE G TNFo FEHAT B
T ¥ M

1. #H#

1.1. SEIEEI

FMRL AR (KO) AN AR IEH XS /NS (WTD, HEPE, 8-12 Jie, TH
Jackson Laboratory. C57BL/6J /NG, MM, 8-12 JEHE, W[ &5 VU % 5 K2 S2 e 5h)
Hut . FETIEER. fEE, 12 h BERASH, Hhie. oK.

1.2. WAk

1.21. &5

g R AL 22 K 6 (ECL) T H ZETA life; BCA & %€ Bl 7 &0 H 3£ [H Pierce
AF; EEEEH T, PVDF B H%E Roche Aw]; %y LUTiE#izkEH Cell
Signaling Technology /A 7]; Hoechst33342. RIPA Z#iR AN 5x b RELE i E 1 38 =K
EMHEARGIRAA]; /MR PGRN ELISA 4 & (155 ab213473). TNFaELISA i
& (1%'5 ab100747) MgH Abcam A 7]; /M PGRN ELISA X7 &M H Enzo Life
Sciences A (%5 ADI-900-047); /N PGRN (175 50396-MO8H) #11 TNFa
B (375 50349-MNAE) T H GBI ;s EdU Jetifflg& (Fr%5 C10371-1) H
I S AR A IR A

122. Pl

PGRN Piikllg H R&D systems; B-actin HT4AM H Sigma A #]; p-CREB. TNFa.
IKBa. p-IKBao HifkE [ Cell Signaling Technology A & Bk S ALY BEARIC 1) S bt
45 19G ' H Millipore 2~ 7] BRI S EEI AL L =EPUR . (L=EHi% 196 ik
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99 Abbkine A ] .
1.3. BREHEE

131 4% REFEBEE]

FREL 20g % 2 FE SR R NN BS A 400 mil PBS IR et R, T 60°C 7K i HR R
PR R TE AV, TINECH SN 2 R PR oA, AR SRR B S T pH
2 7.4, kLRI PBS EZY A 500ml i yE S5 4°CHEAF % .

1.3.2.  50%H i F 7
Hy 5ml H s T 10ml PBS B4,

133, m/RERETIER
HgCl2 g+ K,Cr072 g Fl KCrO41.5 g, ¥ 200 ml &7k, =@ IRAT,
#&H .

1.34. BKREMHH
36.34g Tris & T 200ml Bedhe, IIANZ) 160ml 225 -F/K, TR, H
PR pH{E A 8.8, EA % 200ml, T 4 CIRAF.

By

1.35. IRBKEBEMNE
12.12g Tris & T 200ml Bedhe, BIANZ) 160 ml & 1K, FOoHEEmw, H
PR pH{E S 6.8, EA % 200ml, T 4 CI{RAF.

By

1.3.6. 30% NEELRE
PR J Bk e 299 A1 SCHEXU I BE % 19 BT 100ml Be#k b, A% 60 ml 2:
EFIK, RAOMEEER, ERZE 100 ml.

1.3.7. 10%+ ki EmRERM
10gSDS # 7T 80ml £ B 17K+, wAZE 100ml, ZEiRIRIF.

1.3.8. 10%3IHiERER

PRI 29 I BRIR L, IMNZ) 20ml B TK G MFEE M, e fRf7 T-20C o
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1.3.9. 10mM ZFEHEEB R (PMSF)
FRE 0.174g PMSF, H loml RABEAEMSE, 03T 156ml 08, -20°CHRAF.

1.3.10. HABERB
FREX 0.078g NaH,PO,, 0.071g Na,HPO,, 0.439gNaCl, 0.5g Jiit & IH R £, 0.05gSDS,
0.105gNaF, 0.5mINP-40 & T~ 100ml Be#rrr, I 40ml 257K, E4 % 50ml.

1.3.11. SxHEIKEEMWI
FREX 7.55 g Tris, 379 Glycine, 2.5g SDS (HL¥kZ%), MIAZ) 450 ml 2 &5 F /K it £
Wi, EARZE500ml, 4CHRAF. [HHRT 5 k.

1.3.12. 10xENHFLAEFIR
L2 g WNEL, 309 =R LM, 30 g iEF/KER, % T 100 ml.

1.3.13. BHESZHK

FREX 3.03 g Tris, 14.4g H&RRAET 800ml B T/K 4, I\ FELE 1000ml.
R B .

1.3.14. Apollo Het& & M

TRA MR 25 B85 7K 469 pl. Apollo [ N2E iy (71 B) 25 pl. Apollo AL
W GRAFI C) 5 ul. Apollo e gerliai (GR35 D) 15 pl. Apollo ZE s insfl Gl
E) 5mg.

14, FEMH

BOLILRE R MR H A Olympus 2> & FV-1000
ERIEEEZN BT REEYIRSA R A
Eppendorf research plus % #% 18 % Eppendorf 2~ ]

HLIKAX FiERBERHAT IR 2~ 7] EPS300 2
& B ROCR 7 B R 4 g R AR R 7] Tanon5200
UKEED) Bl fl[F Leica A ]

=i B 37 AR H 7 Olympus 2 & BX51

T B R R s %% [ Kimble 2 7]
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2. &

2.1 & RNA B9$REX

1) /N WSk E IR T 0K EYITE mPFC i X ;

2) 50-100 mg 43NN 1 ml TRIzol, FHEBN2IHK 84T A1 AL FE

3) 4°C12,000rmp &» 10 min, H{ i

4) AN 0.2ml &4, RIZIRG 15s, FIJLE 3 min.

5) 4°C12,000rmp &> 15 min, B _EZE /KA.

6) SN 05ml FNEE, ZHiRFFE 12 min.

7) 4°C12,000rmp 250> 10 min, W3 B

8) H 75% ZBEVEE: RNA JLIEF IR . REIX 1 ml 75% LB

9) FIRAE T RNA JUE, I 100 plDEPC 7K, FIHE LW 4T JLIK, 55°C AL E 10 min
fi RNA ¥ fiit, -80°CIRAF.

22 HFEANFF

1.2.1. B
FEA R IR B AN 7 SCEMRER, QR LT, Tisd, T4,
BREI%E; RNA FEAR RIN (RNA Integrity Number) {E>7.0.

1.2.2. FEAR

Pt ARSI A AR AR (R ety A BR 2~ =143 A HluminaHiSeq 2500 ~F- & 58 At

FESEI SR T -

1) f#F TruSeq RNA FEAUER R (llumina) 25 mPFC FESLIK 1pg & RNA I
poly-A JE;

2) KAE 7 MXEIRIELIEE S| XU cDNA;

3) i BT S 4k DNA F-8 Ff AMPureXP(Beckman Coulter Genomics) %% i 2k
IFESR/NEIE ) DNA B B DA SO

4)  SCTREMREANF BOK/NIPRAN 43 54 T DNA R R AR R 77 &2 7F LabChipGX (Perkin
Elmer) -5 A1 gPCR KAPA 3% 52 & 171 & (KAPA Biosystems) ~F- & _Ei#E47;
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5)  SCEf# A Illuminahiseq2500 ~F & 3EAT 5

6) WJF4h R H Ensemble TopHat 1.4.1 MiiA AT ELXS . & 25bp B Bl L % fu i
2bp MIESTC, FEH IS 20 NASTE] 02 R 2 EA T H X s

7) EESEEERIAT AR I > M i Cufflinks 1.3 BiAS, F4d I A TopHat 13575 1)
BAM FHESCAFRME ;

8) i FAMIE B 225 2 (DAVID, https://david.ncifcrf.gov/) X 46l 21 (1) J K #E 47 1)
REVERE

123. SR

KA cufflinks H 1) cuffdiff 647 22 S B DR AR B o 1% 2% 4R 152 p <0.05.

2.3 IEEEARFIF

INRTRE AN 12 T4 (B2 2.5 em, BEBIKTHE 1 om) 78K 1K #6
XS IEEEA 5 om, XFE/NRE AT LLE b\ — AP ERBE R S — T E. D
FUPT LA E R KA. 43t NPR IR S RERR Y Bl o T LA 5K T BRI
HP G RN AR NREN T, et am KT, RIEEK. Pods) iR iR
FHIRFLERS ] Y 72 h, IXRAESCRTHIBT FORAE B g i) XA ERIZF T 95%H R
BN HRHEAR, AR 31% 180k REIRES 7], % EA/NRAE ] S-DEP, 12 Bl
FAEFFEE R BA KN REE T .

24 FEIRFIFFALE IR SEE

A e A A B B R AT AR A SL TG 48, ARARARTR] . SRERFE—> 25 cm 1<, 25
cm &, 20cm =) RS LM R & T NREAT, A XA & T OB — AT
MBS R . 55 1R, BRNRAEBRAYARRREI N IER 10 min. 5K,
P A [ PR [ AT A e X R b TR B AE &1 G Rk « 28 3 R, — NIRRT
PR G SE) o« AEVNZRATINA IR+, SSVE/N R B RER 10 min, FFd30
B R IR R 18] A2 A EAL BRI, AR T — A B A,
HANERAE .. FHELRESR)E, &1 RIS, REH 70%H 28
FAk. R4 — & 5 RBATE R R BILC S . B DARIER R I 8] i (i
HHED) M. TN/(TF + TN) & O8N “MiF4RE” (TF: HI IR AR R 1]
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TN: T ERZ P G .

25 Morris K#E

Morris K& B 75 A R 4T (B A% 120 cm, 550 cm), HTH A 20 cm
R A BB HEREET, KIERFFE 24°C. FEIEHEKIELLT 0.5 cm. 754 H
FOAE], ANRERIEZ 4 KIG, EEEER BIGRER AR I SR ARG
Moo BERIAIREIFA]DY 3 he FERE—IRER T, DR RFRZIE R 60s. WREANIE
B N A R B S A8, s oits 26, I RvrdE Bl
{=8 30 so FHIURMET & . 2R AALE B R E: R S AT R (Any-Maze,
Stoelting, IL) -

2.6 HiHSELS
TR sLiG & & e B S B AR AR, 5 JLBehv-LAM-4. $Z1C3%3)Y)
15min FIAT N . BJEIRIEHAGe it/ N R U iE shEE S .

27 EBRTFREXR

S Ve A K H I 2 Bl T & ) W 3¢ B (DigBehv-EPMG) ,  HI P AN TF UE
(25x8x0.5 cm) MR FE (25%8x12 cm) , —ML[FEIH Je-F- 5 (8x8 em) 4. %A
RESHIIE 50 cm . FEMNAET, ANRBEAVIERIGE AT 2 RIERINZ, JHEd
BRI IR BRABATTI Bk G 26 . B — g, NREEEE RO &
Ak, THR— AN TS, B EES) 5 min, I EERE E 7 G s N BAT A,
il SR R R G AT 7 Mo A0S T/ BRE N T8O PR 1) ORI [ o

2.8 EdU #fa

1) 0.1mg EdU T 100 wl A= EE K5, /NRARRSES, JF 6 RENR F<F 5250

2) WRIWAENRE, MR OB S, 27/ 0F 5N 0.9%48 3 £h7K il 4% 2 5K H
Mg ;

3) /N HUH FERE AN E 2 4% % B R ) ] e i A

4)  200JEHE . 3000REMEIR LK, QMR EATUKEY . JEEON 10 pm: KK
Fr T RHES R E S b, -80°C LR A7

5) ==EIE 30 min J5, 4'CAEAR E 10 min, PBS ¥t 3 K, &K 5 min;
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6) 2 mg/mL HZEEHE 10 min;

7) A 100 pl 3iE 7 (0.5% Triton X-100 [#) PBS) it (a2 K & 10 min, PBS ii5¥%;

8) JHH\ 100 ul 1¥7 Apollo Jett je Mtk , #E. ZHiRIFH 30 min J5, FF 440 M

9) JIABIEH (7 0.5% TritonX-100 [ PBS) i&E¥E 2~3 ¥k, £ 10 min, FBIEH;

10) IO FEEEBE 1~2 ¥k, BHR 5 min, FFHEL. PBS JHHE—IX;

11) A 100 pllx Hoechst33342 Zutt Je B, %, =Z=iEMFH 30 min J5, FIAR
IR E

12) PBS{H¥E 1~3 ¥k, ¥Efli Hoechst33342 S N ;

13) 50% Hihdf b, WOBIL R A B N gL

29 BRELRE

1) MRATEEPOER AN, 2T ERERE TR Y, HRIBRI2K,

2) AMEEBESmin, 70%. 96%F11009% 2 FEH FE i /K ;

3) LFERZBELLIRA R K

4) WRENVIAHLTIEE A mPFCIX i A, JEFE120pm;

5) B F/KEYESmMIin, 16%% /KIZ 130 min;

6) B T/KEEVE2min, 19%AACHTERAMIR I 7Tmin;

7) EETKEGELI0mIn, B OEENIK, ZHA%E]30s;

8) hUEMACE . BB N WS S A R

9) FENLIEEEFA TIAT AR . HBRIGE TR B B VAT o I8 B T R 2
MAH AR TF AR 15 1 OpumAi SR — B, T SR . A0 S T 7 2 AR 2w 11
PRI R A KBURVNMNES: “HBBEIE” 1A — KIS, (HEH T
LT BUH —ANKMELS, . SR E AR LN R 2 T B b A R E
—ite, RS,

2.10 Western Blot

1) A 1mg AZUEAFIN 30ul AR, 15 10° NN 50l LR,
P AN BRI ST 4 UK (15%D %, 3s/) » P IR L GURFFAE UK 1,
G R AR I SRR RE
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2) 4°C,12,000rpm &t 20min, Y EE EIFWRE UK B A FIIA 5 X loading buffer,
IR21JE T 3/K 3 10min;
3) %N RT R KRR BCH] 9% 7 B

44 PR 9%} B 1R 3% 4 i
H,0 4.3ml 2.6ml
GBS QR4 G2 M 2.5ml 1ml
30% PA 4 I i 3.0ml 0.4ml
10% | = e HE R R Y 90ul 40ul
10% it ik PR ¢ 90ul 40ul
TEMED 10l 6ul

4) Sy ESREEE S, % BRI RN 3% R4 IR ;

5) KRR BT ik, VIR MRS, B EI SO T, WK A IR
FFE

6) JFaEHIK, SEAESTENEH,

7) KRBT LFIY PVDF BB IIN F R A Ak, DL R 1 B 1 98 1) TS L 5 FT PVDIF

8) VKIS, 100V {HJE 100min;

9) HERAWE, WERLREIITHMW%N, M PBST WEIIHL, 5%MiIEY)
¥y 2= R A 1h;

10) [ BN PBST Mkl i) —4t, 4°CHEE LK

11) RS S —Hi:

12) I TBST M ir it — 41, =i E 1h;

13) PR G A 1 P

14) ¥ RHEAN & 7] A FHRH B @b R A, AP T L, 1E Tanon5200
&AM RGN R G BRI, FHORAT EE

2.11 ELISA

1) H 50000pg/ml s i i Ao il ik B2 4R ¥~ 6000,3000,1500,750,375,187.5,93.75,
Opg/ml FIFRAE S ;

2) H 10X KSR D UAAT 10X PRI Bt P BUAR R R M B 10 5 A iR AR
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3)  BEFLIINAE b BbRAE &b 50ul, IO BUAR TAEWE 50ul, = iR 400 rpm & 1h;
4) BIE. F6k 96 fLI, FPEERBEEYE 3 Ik, R XAEH 200ul;

5) HEFLINA 100uITMB JE#), = i E 5% 400 rpm ¥ E 10 min;

6) FEFLINN 100l 2 1E3, 450nm JEKAS IR RE, 22 bn it i 25

7) tRAEFRAE 2 E PGRN WK .

Rl TNFo KPR 572

212 RERZ

1)  0.2%)36 2 bl 22 B JRRIEE /I B 5

2) WSLAREAACGEN FIE (bregma J5 0.5mm, 745 2mm, & 2.2mm);

3) AR BRI 55 2k B kS5 2 5 1 Sk B 3R 0 s

4) FAREBDNRBERTE, WE 3 K;

5) {E S-DEP sZ3&FFUATT, /N BB B DL 1 wl/min O35 B m) i = 7 E 54 B 41 PGRN (5
ng AT 5 ul 0.9%4 £ 7K) 8 TNFa (10 ng ¥ T 5 pl 0.9%4=FE£57K) , X HR 4
%5 ul 0.9%EH# EEK .

3. 48

3.1. FMR1 KO /AR PGRN 7K SZBH T 1 hn

311 HEERLRER FMR1KO MEMBA PGRN KFHH B 5

FMRP 1] BAZ5 & 1) mRNA 2188 T-F0, X HAPaFERZERE T, [FB FMRP
A P miRNA 4562 5 55 04%. N 77 FMRL KO /I BUI A 76 56 B 6 2 [X]
FIERA TN, R T s &7 7280 7 FMRL KO 5 WT /M) mPFC Jix X
4. 455 B8 GRN ) mRNA 7F FMR1 KO /N mPFC fii [X (2 & T, it
ELISA JII5€ PGRN & &4, &I PGRN £ mPFC T i 76 i 5 X %A % 57 (Figure
1-1A-ED.
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A RNA-Seq (RNA Sequencing) B Differently expressed genes C EwuisA detection
Color Key e - mPFC
I 2500 - fien
vl 2 7 2000 -
| | | 1500 -
17 |_| = 1000 -
O % 500 -
o

0
0 -
-1 H |_| |_| Hippocampus

log2 FoldChange (KO / WT)

: 2500
= 2000
-3 1 1 1 1 1 1 I 1 z il
© A0 o oM a0t C & 1000 -
et e St ™ ¥ £ 500
ec'ago‘-’“o 30?'9 < 0\@96‘0\ 0 -
o8 et 29% &0
‘e@‘ A o WT KO
KO-1 KO-2 WT-1 WT-2 L ao®
D WT vs KO E
Gene_name foldChange|log2FoldChange WT1 Wr2 K01 K02
= DEGs . .- Arc 2. 5720523 1.36292 64.2433 173.414 354.363 256.903
o] (NS DRGS Ter3 2. 2577097 1.17486  9.24194 15.5211 36.1446  19.763
; Clge 2. 2010318 1. 13818 13.4847 27.8092 45.2412 45. 6481
Gpxd 2. 1696164 1.11744 33.7851 68.0125 136.713 84. 1486
Irf5 1. 6953487 0.761582 1.09023 2.83762 3.10984 3.54924
= - Syt3 1. 6326335 0.707201 21.4585 41.2718 56.6815 45.7341
= : Grn 1. 5857815 0.665194 19.0816  30.1833 42.0211 36.1023
H S Mesdc2 1. 2642892 0.32687 11.2114 23.3201 22.8069 20.5055
g .1 o : Pik3r2 1. 2438246 0.314783 126.239  103.39 173.113 112.505
= . LT Arrb2 1. 1814938 0.240612 21.6502 41.3874 34.2916 40. 1869
; Sqle 1.1772143 0.235377 18.139 19.2332 23 983  20.012
. Senp3 0. 835711 0.258924 51.0992  33.274 40.0068 30.5048
-1 i = Sstr 0. 7764043 -0.36512 0.461174 0.493131 0.219256 0.52167
a0 H i . Riiadl 0. 4817411 -1.05367 1.93995 1.90458 1.26772 0.584344
i P . Drdl 0.4019144 ~1.31504  15.6522 2.82746 3.04486 4.38230
= | Sl 2 R b Gkn3 0. 397862 ~1.32966  5.66844 1.80667 2.00657 0.967491
: ‘ . s : Herld 0. 3066235 1.70546  1.4998 0.348233 0.082066 0.484586
20 -10 0 10 zu Ghrl 0. 1915363 2.38431 0.119286  3.8514 0.341308 0.41922

Log2FoldChange

Figure 1-1.Increased PGRN level according to high throughput sequencing.

(A)Heatmap comparing mRNA of mPFC from KO and WT mice according to the RNA sequencing
results. (B) Levels of mRNASs in KO mice compared with WT mice according to the RNA sequencing
results. (C) Levels of PGRN were higher in mPFC, but not in hippocampus, detected by ELISA. n =6
mice per genotype. (D) Volcano plot displaying differential expression of mRNAs in WT and KO mice.
X-axis displays fold change while the Y-axis displays the significance (p-value).(E) Changes of mMRNA
levels in the mPFC between WT and KO mice.

3.1.2. FMR1 KO /N mPFC fi§i[X PGRN & 7K1

PGRN J&—Fh/ripi B (AR KA 7, ATRATE N o R AR AL . ARFE R AR S
A LUK PGRN 43 oA i T7 Y (58-68 KD) Al 5% 4 Ml S Ak il #4732 (90 kD) ™o Ay
T B E FMR1 KO /Nl mPFC fixi X 72 3 5 AN [FI FE LB AL AL ) PGRN,  FRAT AR 17
15 kD & 250 kD 5%l P4 ) PGRN. A1SCHikRE i) —FEMET, WT 15 KO /N BRI 3 354
R R (58-68 kD) 156 4 Bl F Ak i 247 WA A (90 kD) HJ PGRN (Figure 1-2).
50 W B 4041 K] PGRN A& 58 AWK, 38 H A NIX A2 BIR A (1 PGRN (90
kD), it LATE S5 S 5T b JAT TRl i) 72 it 4315 (90 kD) 1 PGRN.  [F]I) KO /)N
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MPFEC 7 5 il 300 F1 R 3478 1) PGRN K44 F WT /N, 31X 5 i@ 230 2 AT ELISA
(T St

mPFC PGRN P -actin ( strip)
WT KO WT KO

100 kD -
75 kD -
50 kD -
e & |- 43 kD
B -actin

Figure 1-2. Sample showing different molecular weights of PGRN in mPFC.

G g% e Pt i 7R /N B mPFC i X #145 76 PGRN J {2 RIATE S+ (Figure
1-3A). AT H—PHiE WT F1 KO /M PGRN 7K P BAFEZ 7, ] Western blot
Kl 7 mPFC. ACC g 5 IX PGRN [3RIA, KIS WT /NRAHEL, KO /M mPFC
1 ACC fiii[X H PGRN ik B E3m, MEHS X EHEAHE 275 (Figure 1-3B).
N TS PGRN /KFEEAR[FR & M B84k, 43 mlBC T AR S 34 7. 14, 28 56 K
/NER I mPFC, R Western blot £l PGRN /K. 45 3 578 PGRN /K-F7EZE 14 K
RENEAE, BEIETFME R . KO /N mPFC () PGRN 7K BH & & Tt AR AR [F] R 20
WT /N, (Figure 1-3C). RSN FRAFLTT, KBUEEFR 7 KA 14 K KO /NRAFZATT
PGRN /K5 WT #& oL B35 T, 5EAARZIY T4 R K. (Figure 1-3D).
BRSNS TR Z T PGRN KA 15/ BUI A ISR — > W a1 S 8 m J s>
(R 2h, &M 3 5 14 REFSG I, X ] B RS EE IR K00 2 TOAH BT b 4 oh 28
JG&—Fh naive PIRES, TEKEM PGRNEHHGKE -

A B

hoechst 33342 g-tubullin Il PGRN merged mPFC Fawoq F
WT KO 150
W rorn[ = B s £ 10
' T g
% B -actin[ S5 = —— ———— |1340 £
: g o

= 200 -

z ACC : R
150
e b i s ——— |30 5 50 -
@ o0-
HIP .‘h 150 =

porN[ B = T BF Bl sk § 190

Band

04
WT KO
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Cc D Cultured neurons
D3 D7 D14
— WT WT KO WT KO WT KO
400 —
mmm KO 4, PGRN i ] . S0/kD

mPFC D3 Dy D44 Dgg Dsg 350 4

FMRP| == = = |k

WTKO WTKO WTKO WTKO WTKO

300 —

B -actin|- ——-——|43 kD

T
a
-
=
=
=]
e
sk 2 20
- o
PGRN .l.'.' bl G 200 - o = P
———————————— b S = 5000 -@—ko i
- - © 150 — =0 40
L R 8 Ll - =5 3 %
s ] S 20
% = [11]
B -actm|-..------ 43kD E 50 - L e
ze
E 0 g r T 1
D3 D7 D14 Dpg Dsg D3 D7 D14

Figure 1-3. Increased PGRN level according to Western blot.

(A) Representative images of mPFC sections stained for B-tubullinIIl (green) and PGRN (red) in WT
mice. Nuclei were showed by Hoechst 33342 (blue). Upper: scale bar = 150 uM; Lower: scale bar = 50
uM.(B) Westernblot showed that levels of PGRN were higher inmPFCandanterior cingulate cortex
(ACC) of KO mice compared to WT mice. No significant difference of PGRN expression was found in
hippocampus between WT and KO mice. n = 6 mice per genotype. (C) Developmental changes of
PGRN levels in WT and KO mice. n = 5 mice per genotype. (D) Changes of PGRN levels with culture
time in WT and KO neurons. n = 5 dishes per genotype. Unpaired Student’sttest;*p< 0.05, **p< 0.01
versus WT mice or neurons.

GSK3B 2 KO /MR — MG ik m e, seig s BER, 5 WT /b
SRAHEL, KO /N mPFC " GSK3B RIAHH S+ (Figure 1-4A, B), 5 CHRIRIE 145
S 189 SRR /N B R TG [RI PGRN 5 TNFou ] fig 4t ] 52 441103 1900,
T LA TNFa K45 T RERZIA PGRN [IZhEE, AT LASURI 7 WT 1 KO /MR mPFC
1] TNFo. 7K o 45 8 278 TNFa ZKF7E KO A1 WT /) iR2 R EA X 7 (Figure 1-4A, C).
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Figure 1-4. (A) Respensitive images showing the levels GSK3p and PGRN. (B)The levels of GSK3p
were higher in the KO mPFC than that in the WT mice between postnatal Day 14 and Day 28. (C)The
levels of TNFa increased during the postnatal 8 weeks, but had no difference between the WT and KO
mice.Unpaired Student’s ttest;*p< 0.05, **p< 0.01 versus WT mice or neurons.
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kT Western blot, SCf# F ELISA 43 A5t 42 M2 () PGRN A1 TNFa 7K1~k
1T TIE . 53R E7x WT F1 KO /i [X PGRN 7K 2z 7 (Figure 1-5A), 1X
5 Western blot £5 5 —%; KO /MR 2K+ PGRN /KFKF WT /M (Figure 1-5B),
X5 mPFC 145 B, SR ZURIM S Fh PGRN 7KF (1 32 AT BEA7AE A [ FRIAL
#1. WT Hil KO /N mPFC FifL 3¢ th TNFo K393 2 5% (Figure 1-5C, D), iX i
B PGRN Fl TNFo 7K-F (4% ] e i AL i 2, — KPR —E 229l
2 o — NP
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Figure 1-5. PGRN levels in hippocampus(A)and plasma(B) were detected by ELISA. TNFa levels
in mPFC (C)and plasma(D) were detected by ELISA. n = 6 mice per genotype.Unpaired Student’s
ttest;*p< 0.05, **p< 0.01 versus WT mice or neurons.

T2 o RN A2 PGRN £ BRIEM, 4 T HR AT KO /N BU A 3
[¥1 PGRN J&3k B #H & uik /& /N R AR, 73 ARSI 7 T 4 o RN 40 .
SIS 45 AR IR KO P4 TuA/INB B 40 i AE () PGRN 4153l e T WT #HZ To /NI
JF 4 (Figure 1-6A). fASMEEGASF) T RAIEE R R A B IR L 40Uk
PGRN 7KV )5 KL T HIFIE DL (Figure 1-6B). A 72 J8 1 75 /NI 5 41 O 15 7%
Fr IRA TR I 2] T IR T8 PGRN (50kD H190kD), {H&7E#ZE i I rh 3
AN 2] T 359 90KD ) PGRN, X #2778 /)N i J5t 48 i Al 44 22 76 73 WA 1) PGRN
TR REAETEAN RIS 5812
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Figure 1-6. (A) Sample showing PGRN was increased in both microglia and neuron lysate from KO
mice. (B) Sample showing PGRN in conditioned culture medium was increased both microglia and
neuron from KO mice. n = 5 dishes in each group. UnpairedStudent’s ttest; **p< 0.01 versus WT.

9 TS PGRN HIDhRE, 75224 nN PGRN 7K1 o AR I 2H /)N B
PGRN (G, B35 50396-MO8H, #iA FH HEK293 4Hfifl) 1 PGRN siRNA 737l
W R WS T = FI I PGRN ZKF G M& UK B 178, T BiF B 41 PGRN [¥135
VEREIN T e, SRR R H Ay T EAE 90 kD R, JERTLLEGE ERKL/2 A
AKT {5518 (Figure 1-7). XUt HIIELH PGRN J& AR H B AT VE .
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Figure 1-7. Left: sample showing molecular weight of purchased recombinant PGRN. Right: sample
showing recombinant PGRN activated ERK and AKT pathways when treated cultured neurons. n =5
dishes in each group. Unpaired Student’s ttest; **p< 0.01 versus IgG treated group.
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3.2. PGRN @3 PEET TNFo iBRELEMR S-DEP 3 EMNFE I iCIZEBMEEETH

3.2.1. BEIRFIZF (sleep deprivation, S-DEP) 5| #2843 id {7 &g

CAUEH T 7E FMR1 KO /N At PGRN 7K-F-Ft+ i FE A2 TNFou 7K, [F] Bt
WF U4 R AP 015 5B BRI, HEI B & T B A — AP, IXASP
1087 1) S R AT B AR B B SAZ RS I SR R . O T IIE X AT R RIAEAE, (EH
T/NRU S-DEP R, DNy FXS /4 AR AT BEIR RS 19F . 4t PGRN Al TNFo
2 5/ S-DEP 5l M2 21102813, PGRN A TNFa 7] fiE th 2 511 FMR1 KO /)
B SICIZ IR E . A SCkIRIE, S-DEP I TNFa AKETF&E, 2233812240, K
P& S-DEP 72 h, FIH AR B Ar B R BIAT Morris 7KK BT /N BRAT 9 2E R 0
KINBNPY 2 SEN 2, FRTRATT A @ ST i (Figure 2-1A-D).
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Figure2-1. Sleep deprivation induced memory impairment.

(A) Schematic of the novel object recognition test. (B) Left: sample traces of locomotor activity in the
novel object recognition test for Control (Con) and S-DEP mice respectively, preference index toward a
novel object, and total distance travelledwere summarized.Right:sample traces of locomotor activity in
the object location test for Control (Con) and S-DEP mice respectively, preference index toward a
novel location and total distance travelledwere summarized. (C) Left:Representative swimming paths
in the water mazeduring the probe trial on day 3. Right: Percentage of time spent in the target quadrant
of the water maze.(D) Latency to located platform position, velocity, and travelled distance during
thelearning phase of the water maze task.n = 10 per group; unpaired Student's ttest or repeated
measures ANOVA, *p < 0.05 versus control mice.

3.2.2. S-DEP 5|&/NRERHETA

T 8037 0 ot - 0 S S A A /s R B FE AR AT A R g LR
S-DEP /N ERAHE X R 2H /N BRI 1 o ey sl Ta)ak2l (Figure 2-2A, BD, JFISUE it
ANHBUED> (Figure 5C, D), H4 3L BH & (42 FEREAT M o

,53,



PFFEAFUHLTFLEAL

S-DEP/Con mice — Novel object recognition— Open field — Elevated plus maze

1 1 l
| 30 min 30 min
A Openfield B
Con S-DEP 20000 6
; 8 £ 16000 £
c o 2y
S = 12000 Sg
23 cf3
S5 8000 re
© % £9 2
B £ 4000 F§
g 2 0 0
Con S-DEP Con S-DEP
c Elevated plus maze D =
Con S-DEP 100 g 40 40
g [ M 8 o £
3L g g 30 g 30
o £ = *%k £
< ® |openams E 60 E - g 20 -
7| ] 5 40 g o
3 £
2 20 £ 10 E 10
0 So =
= — Con S-DEP Con S-DEP = ConS-DEP

Figure 2-2.Sleep deprivation induced anxiety-like behaviors.

(A) Sample traces of locomotor activity in the open field test. (B) S-DEP significantly reduced the total
distance traveled and time spent in the center area. n = 10 mice per group. (C)Sample traces of
locomotors activity in the elevated plus maze test. (D) S-DEP significantly reduced the entrance to
open arms and time spent in the open arms. n = 10 mice per group; unpaired student ttest, **p < 0.01
versus control group.

3.23. PGRN # TNFa 257 S-DEP 5|# K% S CIZBEBMEREIT A

Fe NORATH] T Western blot X S-DEP /) Ui 5 X PGRN Al TNFo7KF 24T 1 #aill,
45 BB REEIR R ZF 5 PGRN /KK, TNFo /K FFhm, &2 LR ZERK (Figure
2-3A, B). IKBo /& TNFa () M5 Tid#, TNFo {23t IKBo @1k, X NFkB E41)
i, WS JORE RN AR SR 5 A5 5 @ B EOE  (Figure 2-3C, D). 4BEHRFIZF /N R
BT IR PEREAR /S PGRN ZK-F-JF @ Al TNFo ZKF K (Figure 2-3E, F), FIREARS]
LRI . X H7R PGRN FI TNFo /K5 S-DEP 51 #2151 id 12 B s 2 V) AH %
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Figure 2-3. Effects of sleep deprivation on the levels of TNFa and PGRN.

(A) Western-blot samples of PGRN, p-CREB, and TNFa. (B) Band intensities were quantified as
percentage of values from Con mice hippocampus. (C) Westernblot samples of p-IxkBa and IkBa. (D)
Band intensities were quantified as percentage of values from control mice hippocampus. n = 6 mice
per group; unpaired student ttest, *p < 0.05, **p < 0.01 versus control mice. (E) Westernblot samples of
PGRN and TNFa after recovery sleep. (F) Band intensities were quantified as percentage of values
from O hour recovery sleep mice. n = 4 mice per group; unpaired Student’s ttest, *p < 0.05, **p < 0.01
versus 0 hour recovery sleep mice.

3.2.4. Y% PGRN Ml TNFa /K-FH] A2 IE S-DEP 5| &2 e fZ BB £ R REAT

yS|

N1 2 1E S-DEP /)il PGRN Al TNFo KP4, KA 1K= 35 PGRN H 4
i RN/ B I8 i v 5 TNFa & 0155 Thalidomide 17775 (Figure 2-4A, B). 455 5
7~ Thalidomide 7] DL 2 [k S-DEP /N ¥ TNFa 7K AN PGRN 7K-~F- (Figure
2-4C), B3 S-DEP /NI a2 I /N R AR FEREAT Yy, P A AT LA MR
P TNFo B (Figure 2-4D, E), X1t S-DEP /)N iR 2% SI1E 2 30 3 N FEFEAT 2
H -+ TNFo J 5 51 214 . PGRN 7] LAZ IE S-DEP /)M R 112 )10 /2% 45 (Figure 2-4D)
FfEFEAEAT A (Figure 2-4E), #MEM: TNFa [FIFEH AT CLEUGE PGRN X S-DEP /NI
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R4 ER - PGRN @i 54T TNFo DIRE R IEME, AT RE 2B ] TNFa 7= A= ]
Be 2 FL B TNFo RUERI{E 5381 . PGRN A1 Thalidomide 1535 141 FH B 200 SR 7%
HE RN (Figure 2-4D, E).
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Figure 2-4. Blocking TNFa pathway attenuated memory impairment and anxiety-like behaviors.

(A) Schematic of experimental procedures. (B) Sample of PGRN intraventricular injection (ICV) site.
(C) Westernblot samples of PGRN and TNFa and band intensities after thalidomide (Tha) treatment in
S-DEP mice. (D) Preference index of control, S-DEP, PGRN (ICV, 5 ng), and Tha (ip, 25 mg/kg)
treated mice in novel object recognition test. (E) Locomotors activities and time spent in the center area
of control, S-DEP, PGRN (ICV, 5 ng), and Tha (ip, 25 mg/kg) treated mice in open field test. n = 6
mice per group; one-way ANOVA with LSD test, *p < 0.05, **p < 0.01 versus control mice, “p < 0.05
versus saline treated S-DEP mice.

3.25. PGRN #fifl] S-DEP /N TNFo HIF=4
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/IR IIASFEI PGRN 7K *F-(Figure 2-5C, D). 35t B PGRN i@ id #1#1 TNFo 2= 2E %} S-DEP
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Figure 2-5. PGRN decreased TNFa production in S-DEP mice.

(A) Mice were sacrificed after behavior tests. The levels of p-IkBa, IkBa, PGRN, TNFa, and p-CREB
in hippocampus were detected by Western blot. (B) Band intensities were quantified as percentage of
values from control mice. n = 6 mice per group, Two-way ANOVA with Bonferroni’s Multiple
Comparison Test; *p < 0.05, **p < 0.01 versus control mice, “p < 0.05, *p < 0.01 versus saline treated
S-DEP mice. Levels of PGRN and TNFa in hippocampus were detected after exogenous PGRN and
TNFa treatment in control mice (C) and S-DEP (D) mice. n = 6 mice per group; one-way ANOVA with
LSD test, *p < 0.05, **p < 0.01 versus control mice, “p < 0.05, *p < 0.01 versus saline treated S-DEP
mice.
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3.2.6. PGRN V¥ s &
S-DEP i AR S 25 R i IR e e e S F R (D U S52 IB p e 22 TT A 5%
WIS BB IR ERERIRR (U S%IEFD, AT LLYE B 2% A4 4 W 45 v
SR H B FERANZE TO I GE R, TE A5 B S AU T T DA AT SRR SR 5 H A
AU, T 3 —AEH] PGRN Al TNFa 7KXW 805 BE OB, S-DEP /s U
FVESTE A PGRN B TNFo, BOKRBNHEAT 1 /R e th, 4500878 PGRN FILLE %
24 1E S-DEP /N R E K, R EHE T RIS B (Figure 2-6A, B).
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Figure 2-6. PGRN treatment reversed the spine density in CAl area.

(A) Golgi-Cox-staining of CA1 pyramidal neurons for spine counting. (B) Left: Representative images
of basilar dendrites from control, saline (ICV, 5 ul) treated S-DEP, TNFa treated (ICV, 10 ng/5 pl)
S-DEP, and PGRN treated (ICV, 5 ng/5 ul) S-DEP mice. Right: Summary of spine counts from basilar
dendrites. n = 40 neurons/4 mice per group; two-way ANOVA with LSD test, **p < 0.01 versus control
mice, ¥p < 0.01 versus saline treated S-DEP mice.

3.2.7. PGRN {R##&ItRE

7N B AR AR 28 T8 A PR A DX A 0 i =5 1Y) % 8 R T X (subventricular zone of
the lateral ventricles, SVZ) Flif 5 R[5 URL T [X (subgranular zone of the dentate
gyrus, SGZ) . SGZ Hi A& AL ML AR A A 2L EE AT, FXS
1 S-DEP /IN B /E R A A2 e D I R %% 191, PGRN Al TNFa 7KF-56F 3 £ 4
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(A2 Te, W LLSE AR T4 FRIC . BRI EdU TR BET S 5 Yeth,
ST BL R BT TR R . 45 BRI VESS PGRN FTLLE %5101 S-DEP /)
B SGZ A o EH (Figure 2-7A, B).
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Figure 2-7. PGRN increased neurogenesis in S-DEP mice.

(A) Representative micrograph of double staining to identify newborn neurons (EdU/red) in the dentate
gyrus of the hippocampus. Left: scale bar = 100 um; Right: scale bar = 50 pm. (B) Number of EdU
positive neurons in the dentate gyrussubgranular zone from control, saline (ICV, 5 pl) treated, TNFa
treated (ICV, 10 ng/5 ul), and PGRN treated (ICV, 5 ng/5 ul) S-DEP mice. n = 3 mice per group;
one-way ANOVA with LSD test, **p< 0.01 versus saline treated control mice, “p < 0.01 versus saline
treated S-DEP mice.

4. g

PGRN fEA—MA 5 R /E I HI4EMLEE 7, B 1 7T BLZ5 & TNFR1 A1 TNFR2 32444k
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Neurobasal ™ 357236, B-27™ #n#. BAZEILE (FBS) ABLEER (W H 3 [
Gibco AH]; DMEM EkERE 7250 H Hyclone; DMEM-F-12 ¥:323£0 H Invitrogen
AHE; HEEFERWE Millipore; PUHED FH (TRITC) fridMREMK. 2% L-
MiERE (PLL) WY E Sigma A7; RNA X7 &6 [ Thermo Fisher; ChIP
Assay Kit I 528 =K (185 P2078). HARRKFIZS WA —EB4 .
1.2.2.  FHAk

B-tubullin IIPLA E sigma A7]; GluAl. FMRP. p-GluAlsesss~ P-GluAlsess:
PUATE Abcam A#]; ERK1/2. p-ERK1/2. JNK. p-JNK. RELB. RELA. mTor.
p-mTor. p50. p52. p100. p105. pro-Caspase8. PARP. p-CREB. B-catenin. p-pB-catenin,
AKT.p-AKT.MAP2 Il 5 Cell Signaling Technology 2 ] ; %% EN#ZE il TNFR1.TNFR2
PrikIE H 3 [H Santa Cruz 2w s HAIHLARES H TNFRL.TNFR2 $T4401 F BioLegend;
POCPUE A RAM L AT HARPUAS W —H 0

1.3. B AECHI A

131 MWETEMEEFRE
EH 20% fEFILE Y DMEM bl s 7R 4
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1.3.2. 100X & BhfE A AW

FREX 0.3 g A& B T 20mIPBS 22 iy, i BRI 5 43 367E 1.5 ml [¥) EP
Brh, 20 CHEfE.

1.3.3.  Neurobasal 3£
A 2% B-27 MR NI 5 mM B & L% ) Neurobasal™ Medium.

1.3.4. /NRFAMMEEFRE
DMEM- F-12 B35, ¥ 2mM L-BE 8, 1mM RERFREN, 10%MA5 24 I iE Al
0.5% XN HTIHE IR -

1.35. ZERBRREHEH
& 25pg/ml ZEMERINEE T/K, LiEMHE.

1.36. 25%fEEAE

HY 0.25 g iR Al T 10mIPBS H, I JERRE G 7 2% T-20°C IR 7245 o
1.37. VIR

0.37g KCI. 0.11g CaCl,. 4.2g NaHCOs3. 1.44g MgS0O4- 3.6g Glucose. 0.29g NaH,PO,
A 172.52g Sucrose, T EE TR, HPHRET4, RIFERE 2L.
1.38. AT

4.6g Cs-gluconate. 0.0432g NaCl. 0.952g BAPTA. 0.0314g Naz-GTP. 0.0152¢g
Nas-EGTA.0.9532g HEPES.0.0304g Mg-ATP.0.1716g OX-314-Br £ 0.1656g9 TEA-CI,
Wifid 160 ml EB 7ok, 7% pH £ 7.2, Glucose %% £ 4 290 mOsmol, &%
% 200ml, -20°C f#17.

1.4, EEUE

Med ZHE £ R 5% 2% [® Med Associates 2 7]

f i B 37 2 ke H 7 Olympus 23 &) BX51

T L Eh A5 35 2 S [H Kimble /A 7]

MEDG64 - [Hifi FRAR A PR 1E 3% RR H 4 Alpha MED Scientific 2 ]

e =N 2 [H Axon AH]
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IRV F L S [H Vibratome 2] 1000 Plus

TR AR A [ Sutter 2]

Real-Time PCR X £ [E Applied Biosystems /A& PRISM

7500

64 8 E U] H 7 Alpha Med Scientific 24 & P515A

Qubit® 2.0 % it 2 Invitrogen 2 7]

2. Bk

21 BRBRERELRE

1) WT 8k KO /N LB BRER J5 , 28 200 % 43 I HE N 0.9%2E H £ /K FilT 4% %2 5% H i

2) /NOBUH SRR AN S A 4% % B P G e I

3) 20%JEHE . 30%EEREMR K, AER M FAT KRG, R 15 ums KK
AT B A B b, -80°CIRAE:

4) 5 0.3% Triton X-100 ] 5% 1L = I35 = 4 4 0.5h;

5) —3Pt (anti-PGRN, 10 pg/ml; anti-p-tubullin 111, 1:500) F#i% T+ 0.1% Triton X-100
¥ 10% L £ 138G, MBI A b, 4°C iR E R

6) PBS &k 3 G

7) % A Hoechst33342 #F% T 0.1% Triton X-100 (1) 10%!1L~F I35, ¥ 0 1 i
Ak, ZiRESLFEE 3h;

8) PBS ¥k 31K;

9) 50%H s H, 3 3R AE BB WM %% . Hoechst U 8 A 350nm, 5 KKy 461nm.,

22 HHRERERALRE

1) METESA BRI FR R 1ARN, WHREFRE, EEIKAPBSIEREDE3IX:

2) 4%HH) % 5K P [E E 20min;

3) PBSEEWE3IN;

4)  0.1% TritonX-100f£110% 111 2 IfL375 = i 3} 14105 h;

5) —3t (B-tubullin 111, 1:1000) #4#FF0.1% Triton X-100/110% 111 = M3 , ¥ H0 240

Jaleq £, B TiREN4°CREE i R;
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6)
7)

8)
9)

FPBSIEHE3IX;

TRITC-phalloidin 1pg/m, FITCHRICHI L EHT/N BRI UMLK E N 10pug/mlf)
Hoechst33342 (i 4Lfit%) FikET0.1% Triton X-100/1110% 11 2F IfL37, i hn £4H
fEICH b, =iRELE2 h;

PBSIE Y3 A I T

50% H il Fr, WORIL IR B R4,

TE =ML SR, B SO Y 1 BUG AT 70T o AN SRR A = AL 1

IR RERAG PN TT IR A AT 208 o 0T SRR 75 92:5 L i /R R e

2.3
1)

3)

4)

5)

6)

2.4
1)

2)

3)
4)

5)

FRREBHETiESHF
IAGE &2 B RO TR, 208K, B hsE 4h f5, =
WeEL B, S5-I CEAIE Y, & B4 15 RAR, Bsikbst, B
fia BB T8 D-Hank's 2R 85 R, Riiss T 0 Bt R E
LHZRHT 0.259% 1 B 1A i - ¥ 44 20 miin;
2 1L VH AL Ja PR AR AR 22 ORI R IR B T R e T ZH 24 6 min, 5 200 H #7194,
JERARTH AL I H AT
AT EUE Bl T 2 BB BRSO I RE R P, R AR R 6 FLAR AL 2 10°
AL, 24 FUIRREFL 3 X 10° ANl
R AR HIBCN Neurobasal ¥577 %, 2 J54E 3 REB—1K.

RN BRAARaIE
¥ 3-5 R/ _BIR AR VA 20 B K R, 0.2%AC VAR (il 37°C Y4k 15
min;
Fi# 10% FBS ) DMEM-F12 $57= 562 1h 4k, VoA NE AR, ISk
R, 200 H i R I
2 ] 109% FBS ) DMEM-F12 35 = 40 T PLL G B B 72
12-14 RJ5, MK FHM, 1€ 37°C 2K H1 LA 200rpm % 4 h. WS TR,
B0 J BT VR PR 280 L [T S 7 /N IR o 4 i 5 9 B b T B R AR v
A0 B ASE FH AT 8k /N I 5 40 B R A Iba-1 g% 5t Y 6 45 g HAFEAE 99% LA .
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2.5
1)
2)

3)

4)
5)
6)
7)

8)

2.6
1)
2)
3)
4)
5)

6)
7)

8)
9)

FEQRBEILTE
8 Western Blot 77 11 77743 F NP-40 2424 mPFC ZH.4H,

BCA HHE RGN 20 pl /7 Input 20, FRFEMIIA NP-40 ZLffHmRE, Al
R EE N 1 mg/ml, ARF A 1 ml;

RS N 1% BSA. 10 pl iofd CEHPEXS IR SF R 19G), 4°CRERIE
B, EHEbER 4 E

R REAAS ] 50 pl BEEE, 1 500u] NPAO ZUAMvEs:, A7 SR a3 b i
KRR B RS R A T = IR 8RR 2 E 2 hs

VIEHEER, 3G, F 1 mINPAO ZRIEEYE 3 IK;

BN 100 ul NP-40 24 & 2152k, n\ 5xloading buffer, YE2]J5 T3k 7K o & i
10 min;

Western Blot £l 2 & &= .

H

et R EEILTUE (Chromatin Immunoprecipitation, ChIP)
HUINE mPFC L4V VKA PBS Hiff BE 3145 541 i 2 5
TN 37%H S, {345 RS 2R BN 1%, 37°CHFE 10min SCBEEE i 5 DNA;
IH 2R B LWL N 2 mM RS G, FEIR N E min, Z1E5CHK;
4 Te2e@nim 2 L3, WA,
I 1 ml RIPA Lysis Buffer (&8 EBEIHID, AR, U855 S 00
SHUFESTE], 724217 DNA F BA 100-400 bp;
4 2000g %5.0» 10min, EBRAEYIR;
B 10 pl 2437 TE Buffer #i% 4 500 ul, AN 8 ul 5M NaCl, 65°Cin# 4 h fi#
ATk
Qubit 2.0 7E EFEAH 1) DNA WKEE, NG 2 2R A B 45 22 DNA MR BEAH ] 5
HY 100p] FERSZ4E4, I\ 900ul ChIPDilution Buffer. 1% BSA. 100 pg/ml k5
DNA. 50 ul % riEk, 5ul Pifk 4 @RS

10) f4Ek Low Salt Immune Complex Wash Buffer. High Salt Immune Complex Wash

Buffer. LiCl Immune Complex Wash Buffer 1 TE Buffer 1 /X &% Beisk— X

11) 7F 500 pl TE Buffer EEVIUE, I 20 pl 5M NaCl, &%), 65°Chn# 4 h, fEss
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X

12) Qubit 2.0 & & DNA, 2% 5 Hl 5 FE kAL Il DNA & &

2.7 FFRHESEEI
2.7.1. mPFCH F HH %

1)

2)
3)
4)

8-12 J It /)N bR TR BRI J W =k UG, - 28 AN R 0K U1 i Ceutting solution)
H

I e-~Fumhin 5 NERAL, KT IRB IR HLEI T v e L

FEA AT UKV V) B A7 AR UTHL 300pum /& FImPFCHK 7
U A B T = IR0, A ACSFI® & 1 h.

2.7.2. EHMIER#HER

1)
2)
3)

4)

W 0% 5 IO R TBCE TSI, ST ACSFIB PR VL :

B ARG BB, TR TR BR AR 2

[ ACSFHIIN 100uMEIES &8 2 (picrotoxin, PTX), 1EEAGLAMEDICR SN
B T I mPRCHEAR A JT, A J9-70 mV, HREGREE 7258 15V, 20
V. 25V, 30V. 35V, FFARicsM%as iRl 5 il (EPSC);

TLKMEPSCHI [MACSFHIMA 1 uMiJIKEE 2% (tetrodotoxin, TTX) #1100 uMEFE);
& & (picrotoxin, PTX).

2.7.3. MED64 “FHEM ERIERICRK RS

1)

2)

3)

4)

¥ % & 5 FImPFCHi Jr %% #2 FIMED64 #R4FMED-P515A P, 95% O, 1 5% CO, ik
AR ACSF RS 5

25 T UG 10 SR AN TE 13 4 PE S il 5 FEAL (fiield excitatory postsynaptic
potentials, fEPSPs), #4107 2 LI R AE & 22 /0 ~F 2 30 min;

P FLTP B {# I TBS (theta burst stimulation) ; % S mGIURIKHKILTDHY, a7
/N [T ACSF A I ANMDAZZ A% 171 50 M- AP-5P%, SR 900 4 1HZ 11Xtk
AT, B B R SE 0.2 ms, ANk LB 50 mst?,

25T S LTPHFZ:C % 3 h, LTDRFZHDK 2 h, /5 30minfIfFEPSPRIZ -1
P AT T LR AR Ak FH R T B L TPk LTD AR o 5K A0 7 BT 1 2 ANl 10
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2.8
1)

2)
3)
4)
5)

2.9
1)

2)

g, AR A DGR B Y RN 7 5K A

3L B (LR B i 5T 358
103 B T 1) 2k DR (A P B G
PGRN (5-GACAGAGTGCATTGCTGTC-3),
TNFR2 (5-GCTATTCCCGGAAATGCAAGC-3')
Xt 8741 (5'-TTCTCCGAACGTGTCACGT-3’ ), . L ¥) (GenePharm) /A ]
R A At 9O R (1 GFP 1) pSUPER 1895 83 i ki, 74, 44k J5-80°C IR 1%
#%H:
0.2% /3% 2 L2 SN BRI /) B s
i STAZR 58 AL AN 58 AL F mPFC [X (bregma B 2.43 mm, 245 0.28 mm, i 1.81 mm);
SO LA 0.1 l/min (R332 P85 3 53 P Ol 3x10°TU/mIl (1895 2 1l
FTAREW 14 K5, #7417 N7 B A B

BRHI £ Seue

B—RK, NRET Med ZLAMIBTRARKIZ) 46 60s, 45 T/IN 15580 73 D 1
FAE AR, KRS s, BT, &) 0.5s 45F 0.7mA H
Rl TalbE 210s Jr B R, SR, SERIIZRR N BROREEN . GeitDs
BRSNS E] s AR SRIR A5, 75% SR vl AR A

BR, RNRET BRI (RIS A N N = B, KOs oS, [
BT SRHD, Rea T ERaFRE, mASG TR, gt/ e S g A
RIS ] RRHSCIR S AR, 3% LIRIE T KA .

2.10 FERESLIY
EERRSZI AT F () 2 g 75 B A R (e

1)
2)

BRI RAEEERE ELL 4 rpm 53 B 5 /0 12 EF 3 min;
B R/NRJRAE Sminy A 4 rpm i R 42 rpm R L, e ERTE R Al AR
30 minill— ¥k, M 4 K%, GoitdE N R B B RV B A

2.11 SEIEHFKSCIE

SEIA PRI Bt — DN TSCIR AN 24 h 5 A9 IEGRIR 4L, SEaefE 16 W TR {1t
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FOC IR 2 R HEAT S L 7 — AN I BB T 9 e (FL4% 15 cm, 5 35 com)
24 24°C+1°C K, 25 om FIVRRE, (LS I B B AR B A B K AR 2. 72T 9036
i, 7 FUNRZER B 47 15 min (OBURE A Smin (IERIR, (8 E R A%+
(UG 4 min $EF 4007 . ZEREF TS B ISR IS, NBUTE T, SR 5
S5 T HLARIR 30 min. ZERRENEGRIGHIT, — LS B E e BT R
PR A A JL /N BR O L ]l 72T «

2.12 siRNA &£
PGRN 1 TNFR2 siRNA 5 H AR &k, JFiE#: b Alexa Fluord88 7tz . H
F B LA AR SRR T Afy o 1199 20 2090,
PGRN siRNA 5-GACAGAGTGCATTGCTGTC-3;;
PGRN siRNA-2 5-CACUGUAGUGCAGAUGGGAAAUCCU-3;
%841 5' -TTCTCCGAACGTGTCACGT-3'.
TNFR2 FHuF FUARYE B AMRE M BT =2, S5 R Bom i — 4
TNFR2-siRNA-1: 5-GCTGCAGTTCTTCCTGTACCA-3";
TNFR2-siRNA-2: 5-GCCAAACTCCAAGCATCCTTA-3;
TNFR2-siRNA-3: 5-GCTATTCCCGGAAATGCAAGC-3'.
4477 DOTAP (PR, 85 11201375001 4K HE 1 i B 7E 40 fR 55 77 1)
H— RFATHG

3. 48

3.1. j&E PGRN BHHEL TR LZE, BRER PGRN HIHIHE TR
RERR

RAhSE L THBERIEERY, BT AN T HEFE PGRN X FXS St ] ¥ ML M, & 56
MARZE TOR TR B RS ANTF JeRT A 78 ©&0ESE FMRL KO /M mPFC PGRN 7K
EFE, TNFa AKEAAE, $##78 FMRL KO /MR H PGRN FEAS i i 1 15 TNFo 7KF
RAFVE R K H] sIRNA F ARG SRR PGRN 7K1, 4 T fR1IE PGRN M fiRA %,
AL T Hi%% PGRN siRNAs: PGRN siRNA fil PGRN siRNA-2, i FH & -1 5 i
i (DOTAP) ¥ YL idt N AN 97— R INAFZ 6. — 8 f5 Western blot £l #14: 5t PGRN
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Tk KN, kL T AR ELE = ) PGRN siRNA (Figure 1-1).

WT cultured neurons P ‘\Pfi
,0\06 9_\\9\ 5‘?‘
@™ 90 e Ao === scrambled
=== PGRN siRNA
Neurotrophin 3| s % s |15 KD 150 1 === PGRN siRNA-2
ﬂ >0
-‘_-l 3 Jek
7]
BoNF| S W M (s0i0 5 £ 100 5
£ ‘7
T 4 50
90 kD
PGRN - - g§°
82
: 0 -
B -actin | S S—-— S_-| 43 kD Neurotrophin 3 BDNF ~ PGRN

Figure 1-1.The selected PGRN target siRNA sequence showed better efficiency than PGRN siRNA-2.
And it did not affect the expression of NT-3 and BDNF in WT cultured neuron. n = 5 dishes in each
group. One-way ANOVA followed by Bonferroni’s post hoc test; **p< 0.01.

22 O TR TR Ak T F 3 I 8 KT BT RS TR 5 W 5 6 52 SR A R TS 1 o 2328 I
TGS, eI AL 30 TEH (A S 2 ik T Y (G S R R . AT SCHRAR
B, KO /NRMZ T IR R, 2 ARG R 5%, PGRN &
PHTA R T E RN, A LI R SR 2 P, B FC PGRN X FXS
ISR B A0, R IUARANRE IR WT /N RAPZ e in N 100ng/ml ) PGRN 4 5
TR P S KA 2 A A Sk /D, HR IR RAUL T KO &2 S I T A5 (Figure 1-2A, B).
BE— BRI, AEMRSNEE TR WT /N2 e i 0-50ng/ml ) PGRN #] LAt
TISARY TR 1) 5 5 A0 RS AR SRR L A9, (B2 il B2 A PGRN (75-200ng/mil) A%
TINER SRS FE R RAB BI AN, (RIS 2% B AR s SR T 5 g s, {H PGRN X
KO /NN TTI AT 52 (Figure 1-2C). {1 FH PGRN siRNA RifKH: 72 12 70 PGRN
IKF, SIRNA 75— T Bl P AT LA BN KO A WIT /s BRI 70 R i S ) L 45, 1)
I} FEAR AR SR B A1), 4R350 B SiRNA 1] LAY IE KO /MR o SRk & & 5
o KO /NRAZTEH T PGRN siRNA IR FIARE T WT /N B4 70 B ek

(Figure 1-2D).
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A F-actin B qc,e‘g' - WT+ IgG
B-tubullin IIT & == WT+100 ngiml PGRN
== KO +IgG

Hoechst 33342 L £ KO + 100 ng/m| PGRN

[y

cw oW N oo

90

spine number
(per 10m)

mushroom filopodia
orstubby  or thin

(9]

0
o
]
o

ek

-]
o
*
-
=)

20

mushroom or stubby
% of total spine

N B
o [=]
spine number
(per 10pm)
-
o B o N
iﬁ?‘_‘ I:t-
*

)
o
o o

mushroom or stubby

% of total spine

-]

o o (=]

f
3%

spine number
(per 10pm)

- -k R

o o o

o

0 50 100 150 200 0 50 100150 200 0 50 100 150 200 0 50 100 150 200
PGRN (ng/ml) PGRN (ng/ml) PGRN siRNA (nmol/ml) PGRN siRNA (nmol/ml)

Figure 1-2. Exogenous PGRN impairs spine morphology.

(A) Phalloidin staining of cultured neurons in DIV (day in vitro) 21. Scale bar = 20 um.(B) Spine
morphology studies showing fraction of mushroom, stubby and filopodia spines fromlgG and PGRN
(100 ng/ml) treated WT and KO neurons.Scale bar = 50 um. n = 10neurons from 3 dishes per treatment
group.Two-way ANOVA followed by Bonferroni’spost hoctest; **p< 0.01 versus IgG treated WT
neurons. (C) Curves showing effects of different PGRN concentrations (0, 10, 20, 50, 75, 100, 200
ng/ml) on dendritic spine developments of WT and KO neurons.(D) Curves showing effects of
different PGRN siRNA concentrations (0, 15, 30, 60,100, 200 nM) on dendritic spine developments of
WT and KO neurons.n = 10 neurons from 3 dishes per treatment group. Two-way ANOVA followed by
Bonferroni’spost hoc test; **p < 0.01 versusKO neurons treated by the same concentration of PGRN.

3.2. PGRN X{SeflifEiEHFM0

200 L P 5 R SEZBEAIE B < FAAIG KO /N BRAHIZE G ¥ PGRN 7K1 1T LAZY IEAR S8R & i
T o S BN (1 H A B SR — o AR S, T A SRAR 9T PGRN X 5 i
THEEHISEIT . MED64 J&—Figt 1t 48 70 f AR BRI SR e, R I e sk o7 ik, )
DARS L A & e I VG B IA 10h DL . MED64 sE36 45 JA2oR: 7E ACSF Hifsin
100ng/ml I E4H PGRN, 1] LUK WT /N Ui v (19 FEPSPs &% (Figure 2-1A), 2
T BEAYCHA % [ S il A S B . A MR R 45 SR o ZEAHIAIRNECR, 100ng/ml (1
PGRN A LASE AN WT /N BRI i) EPSC Mg JE, {EXS - KO /Nis A 11 (Figure
2-1B) o X /NI 45 SR U B AME It PGRN AT LAMS In WT /N AR 4 T i S A% 6 . {H
PGRN Xf KO /MNRAZ TR A M, HENX AT EES KO /MR PGRN /KA S &
2181, PGRN FIMERH Q&L BIMAIAG K.
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—o— WT
—o— KO

175

160

-
~n
@

B 1-0 curve

WT +1gG

KO +1gG KO + 100 ng/ml PGRN

—8— WT +IgG

O— WT + 100 ng/ml PGRN
—w— KO + 1gG

4 KO +100 ng/ml PGRN

]
rj_,_al—'

WT + 100 ng/ml PGRN

fEPSP slope (%)

0 I T L) T 1
15 20 25 30 35
Stimulation intensity (V)

0 10 20 30 40 50 60 70 80 90
Time (min)

Figure 2-1. Exogenous PGRN impairs spine morphology and synaptic transmission.
(A) Curves showing effects of different PGRN concentrations (0, 10, 20, 50, 75, 100, 200 ng/ml) on
dendritic spine developments of WT and KO neurons. (B) Curves showing effects of different PGRN
siRNA concentrations (0, 15, 30, 60,100, 200 nM) on dendritic spine developments of WT and KO
neurons. n 10 neurons from 3 dishes per treatment group. Two-way ANOVA followed by
Tukey’sBonferroni’s post hoc test; **p< 0.01 versus KO IgG treated WT neurons treated by the same
concentration of PGRN.

LTD & —Fh o fln] S IR, W DA S 2 ST CAZ A el A EE LA 207
Iy e mGIUR KT LTD AT WT /RS K, mPFC o mGIuR &t LTD

BRAETATELE, STILRATE AT T . 45 R 5o KO /N mPFC ' mGIuR
WA LTD AT WT /N3 240 (Figure 2-2), $ORTEIRES R mPFC 7] GEA77E
ENEEOES IR T

£ KO /M

150 ~

% 5k 50uM APS s —8— WT+IgG
a g 120 —@— WT + 100 ng/ml PGRN
7z 100 oRgee 2
o @ 100
' 75 4 o ek
N
¥ 50 S — w 80
0 20 40 60 80 100 120 E
) . c 60
Time (min) 2

Figure 2-2.Normal mGIuR dependent LTD in mPFC of FMR1 KO mice.

Accumulative fEPSPs recorded at mPFC from WT slices bath application of 1gG (100 ng/ml, black
circles), KO slices bath application of IgG (100 ng/ml, red circles), and KO slices bath application of
PGRN (100 ng/ml, green circles). 25uM DL-AP5, a NMDA receptors blocker, was added throughout
this recording to exclude the NMDA receptors dependent LTD. Mean values of the depression of
fEPSPs averaged from 50 to 60 min following PP-LFS.n = 4-5 slices/4-5 animals. Error bars, SEM.
*p< 0.05, **p< 0.01 versus IgG treated WT group with a one-way ANOVA(est.
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3.3. @ KO MEKA PGRN AIAYIE LTP &L MREEFERARIE

N T HEBRAMIEPE EZH PGRN A 4% J5nd Ml v FELAE BT RR RIS, RIS T R BAE
S [A] Y BEAIR PGRN H7K-F, JATE T 1875214 GRN shRNA @ {ik KO /) i ik
N PGRN [¥)7K~F-, Fik 4L 51 ShRNA [R5 FE4E s Hi . ShRNA 546275 B siRNA
AN, RO RNA, 385 3 n MR IR Bk b, A LR E TESH RN ik .
GRNshRNA 551K B T LAEE SCHR AOTRIE™, F+4 5 BA TR LI IAIE . i SE Ak e fr 3
St R R A EE S R R S i DX, AT R 1V S DX 8 PR 37K, i At
DX A 520 . Figure 3-1A 25 5L B /R3804 GRNShRNA [ 2 4 i iff v 5 21 mPFC X
o BR ARG, BN mPRC R IX A PGRN 7KF, &3 GRN shRNA v it
WT A1 KO /NN A PGRN P 7K AEXS T X B 20 5. 2% N (Figure 3-1B).  [RIA3RATT
HI GRN shRNA 185 #3354 /)N B mPFC Jili Fr 24T 3 AR P S5, &3 GRNShRNA I AN 5%
g WT /N LTP 5 S 3 ik (Figure 3-1C), {H AT LY IE KO /MR LTP Bk 2% (Figure
3-1D). IXAE ARSI TAIE D] T FEAK KO /N BUIBI A 1K) PGRN 7K 1T LLZY 1E 5 ik ] 28
PESER . BRAK WT /R PGRN ZKP AN LTP (RIA, X AT g & Fo HAh S 77 H 7
MIAREEAE T, Bl AT S5 AN 7R B /K P PGRN i T DAZERR IE H AR FLTh BE .
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A & > e
Lentivirus injection — behavioral tests «\“Wﬂ ‘\‘_,m\‘-“‘(\“\cd o
G oo
R SV N

PGRN | = s - o

B -actin |—— ——

£ _ 200 s
§E 0 24
E£% 100
T e *
e t 50
@ 0
c 200 7 —@— WT + scrambled shRNA
] —@— WT + PGRN shRNA _ 150
e g
s ] &
=150 g
g 2100
8 ]
» ] ?,
o =
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Figure 3-1.Knock-down of PGRN rescuesL-LTP in the mPFC of FMR1KO mice.

(A) Sample image to show the lentivirus (LV-PGRN shRNA-GFP) injection sites and the location of
MEDG64 probe. The green fluorescence dots were GFP, showing successful lentivirus infection. (B)
Decreased PGRN in mPFCfrom WT and KO mice 10 days after shRNAinjection. n = 5 mice per
genotype. Two-way ANOVA followed by Bonferroni’spost hoc test; **p <0.01 versus negative ShRNA
injected WT mice; *p < 0.01 versus negative ShRNA injected KO mice.(C) Left: accumulative fEPSPs
recordings at mPFC from WT animals. Right: averaged fEPSPs slope during the last 1 h. Arrow
indicates the point of TBS application. n = 8 slices/4 mice with negative shRNA injection; n = 7 slices/4
mice with PGEN shRNAinjection. (D) Left: accumulative fEPSPs recordings at mPFC from KO
animals. Right: averaged fEPSPs slope during the last 1 h Arrow indicates the point of TBS application.
n = 7 slices/4 mice with negative shRNA injection; n = 7 slices/4 mice with PGRN shRNA.
UnpairedStudent’s ttest;”p < 0.01 versus KO negative shRNA injection.

TS GRNshRNA J&, il mPFC i A & F0{E  d B O IR A, BRUONRIZ TG
A 2 Tl {5 53 4 ) P S0 Ao 28 5 T W AR B D B R . DU SCHRAROE KO /s
U A Akt ERKIZ®T mTorl0M 5 i i 5 ;. GSK3P £33t B-catenin iR
f, {35 75 5 bl e 00 21 [ B B-catenin 13 5@ 2 B Akt 3551 6 15
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WES 51 R mTor 12 S R HeE P /N BRI E AL SR 2R S, BUIE R B E
HRAT IR ZH 2R HEAT Western blot #5345 5 8 oR KO /N _Eidk B 104E 5l 15 3 2 1
(Figure 3-2 A-ED.
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Figure 3-2. Excessive PGRN alters mTor signaling in FMR1 KO mice.

(A) Samples of Westernblot to show the protein levels in the mPFC of WT and KO mice. The ratio of
p-Akt/Akt (B), p-mTor/mTor (C), p-ERK/ERK (D), and p-B-catenin/B-catenin (E) in the mice treated
with PGRN shRNA. n = 6 mice per genotype. Two-way ANOVA followed by Bonferroni’s post hoc
test; **p<0.01 versus negative shRNA injected WT mice; *p< 0.01 versus negative ShRNA injected
KO mice. (F) schematic diagram showing the connection of different proteins in FXS pathology.
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3.4. R KO MRIKNA PGRN A AL ESRL MR #

K R /R B R A FL KO /N mPFC i X B4 SIS A% H 1284k, 25 R WoR
GRN shRNA F#{ik PGRN [1)7KFr] LLjg/> KO /N R IR S8 2% B (Figure 4A, B), [A]
Ff 18 0 A SRR IT 5 1 e (Figure 4C).

I WT + scrambled shRNA
B WT + PGRN shRNA
[ KO + scrambled shRNA
[ KO + PGRN shRNA
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Figure 4. Knock-down of PGRN rescues spines morphology of FMR1KO mouse.
(A) Left: sample of lentivirus infection site in mPFC. Scale bar = 200um. Right: sample of Golgi-Cox
staining of layer Il/Ill pyramidal neuron. Scale bar = 4um. (B) Representative images of
Golgi-Cox-staining basilar dendrites. The total spine density was increased in KO mice. Number of
spines was countedfrom basilar dendrites per 10um. n = 20 neurons from 4 mice in each group.
Two-way ANOVA followed by Bonferroni’spost hoc test; * p<0.05 versus WT mice. (C) Upper: sample
spines from 41-50um segment in WT mice. Scale bar = Sum.Lower: fraction of mushroom, stubby and
filopodia spines from negative shRNA injected WT mice (1682 spines), PGRN shRNA injected WT
mice (1621 spines), negative shRNA injected KO mice (1431 spines), and PGRN shRNA injected KO
mice(1821 spines). n = 20 neurons from 4 mice in each group.Two-way ANOVA followed by
Bonferroni’spost hoc test; *p< 0.05, **p< 0.01 versus negative shRNA injected WT mice; “p < 0.01
versus negative shRNA injected KO mice. (D) Histograms representing the spines density distribution
of each 10 um segment. n = 20 neurons from 4 mice in each group; Two-wayANOVA followed by
Bonferroni’spost hoc test; *p< 0.05 versus negative shRNA injected WT mice; p < 0.05 versus
negative shRNA injected KO mice.
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3.5. WA KO /MEIKA PGRN A LA IE FERDE B #1 3 3]0 12 HIBERS

PRAMNEFRANEG TT . BRI Fr o ARSI FERI T B AIC KO /B PGRN JE X 2R
fiik & B A AT B B R, AEXT KO /N BRAT 9 EE I 1 AN B . GRNShRNA 5 23735
Ja, KONRAT AR . TR SRR RN, P> KO /MR PGRN AT LAZY IE i
Aid B AT R (Figure 7-1A) o ARSI 2050 45 5K B> KO /M, PGRN 7K~
Al LAEG g% 3] (Figure 5-1C) Flid{2#8 /1 (Figure 5-1D).
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Figure 5-1. Knock-downof PGRN rescues abnormal behaviors of FMR1 KO mice

(A) Left: sample traces of open field test. Right: locomotor activity in WT or KO mice treated with
PGRN shRNAor negative shRNA. n = 6 mice per genotype.Two-way ANOVA followed by
Bonferroni’spost hoc test; **p <0.01 versus negative shRNA injected WT mice; *p < 0.01 versus
negative shRNA injected KO mice. (B) Schematic of Trace fear conditioning. (C) The percentage of
freezing time in training phase.Univariate ANOVA followed by Lower-bound correction;**p <0.01
versus negative shRNA injected WT mice.(D) The freezing time in testing course.n = 6 mice per
genotype. Two-way ANOVA followed by Bonferroni’spost hoc test; **p <0.01 versus negative ShRNA
injected WT mice; *p < 0.01 versus negative ShRNA injected KO mice.

1 BRSO N B R FEAEAT N, 45 R KO AT WT /N Bk N FF T8 ik
A ZR, FFK PGRN /K5 tHEA 52 (Figure 5-2A) . Btk SLib i/ iR iz
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IR, 2 LR KO NRBRIER AT WT /N, R KO /b Righ 2]
RE 140, FR(K PGRN /K-PJE A 33103 (Figure 5-2B) . HRIE UK SLERAG I /)N 5
AR, 455 IR KO /NS a4 F WT /N, B8 KO /N H
ILATAL, PEAIC PGRN JE A 22k LL BB FE4E R AT LA ] PGRN JEANEEHT WT Al KO
/N BRI AR EE AR E4T 9 (Figure 5-2C).
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Figure 5-2. Knock-down of PGRN on the anxiety- and depression-like behaviors

(A) In the elevated plus maze test, knocking down PGRN in mPFC did not alter the innate anxiety-like
behavior in the WT and KO mice. (B) In rotarod test, motor function was decreased in KO mice;
however, knockingdown PGRN in mPFC did not improve the performance of KO mice. (C) In forced
swimming test, KO mice showed more depression-like behaviors compared with the WT mice.
However, knockingdown PGRN in mPFC did not improve the performance of KO mice. A-C: n =6
mice in each group. Two-way ANOVA followed by Bonferroni’s post hoc test; **p < 0.01 versus
negative shRNA injected WT mice.

3.6. PGRN ZERINEES TNFR2&4&

ROTHI 45 FEER] T KO /NG PGRN 7K 2 2 s WT /R, FEIK PGRN 7K
SR LA IE KO /MR S Al nT ¥B M S 8 . AT MRS 538 5 . B2 PGRN Q] i
W5 G A w] S AL R R B . TNFRL A1 TNFR2 J& PGRN [)3244k, AT & A
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S LUTTERIN T PGRN 5 TNFR1 1 TNFR2 4 4. SList B 878 PGRN 12 5
TNFR2 45415 TNFR1 £541R /> (Figure 6A, B). TNFRs ] % —/MAd /& TNFa 5
TNFR1 F1 TNFR2 fJ45 47K 4124 (Figure 6A, B).

. WT
A mPFC B = Hl KO -
> 3
IgG Input TNFR1 TNFR2 5., ™ 2 5 200
WT KOWT KO WT KOWT KO 8E 2 .0
@ =150 Ll s o 1
TNFR1‘ LR K] ‘55 kD 59 | -5~ .
£ & 100 g & 100
£ =
TNFR2| s C L ER w EE 50 I
— 2 E G
L ) TR S2
PGRN ' 2 E mFR-’TNFRz % ‘2‘ TNFRINsz
= 2 [17kD 2 3
TNFa = g

Figure 6.Co-immunoprecipitation sample showing binding of PGRN and TNFR2. Two-way ANOVA
followed by Bonferroni’s post hoc test; n = 5 mice in each group.**p< 0.01.

3.7. TNFR2&5 LTP HiFS

N T HEFL PGRN 4% LTP BB AR, 75 ZARW] 52K TNFR2 7E LTP 3531
RTT R DIRE . AT AE A 1 mk R EE (60mMD, 536 A1 LTP A1 TBS i
Sy LTPPS, JEPP4r TNFR2 X iR LTP 1R . 7EIX— b RErh BA 15 31
f#F 7 TNFRL A1 TNFR2 (135 B KPS, CREB B IR L5 5 ) T S R 1 ) LTP
fderi Ay BB E T, K CREB BERRILAE VRN LTP fIFEHR . B 7045 B R B
W TNFR2 {1 2hfe f5 ST 5 510 CREB WL (L FHINT (Figure 7A), MED64 451 i
/NBHIBT TNFR2 J5 LTP 2245, FHIKT TNFR1 X} LTP 1A 500 (Figure 7B). XK
SIS ST LTP 752 TNFR2 FUBLE -

A WT cultured neurons B WT mice
-@-1g6 200 -
= *k @ anti-TNFR1
1 - et *% - —— anti-TNFR2 F %k
T = 200 = 1 & <
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?q."\“\ < 2 g 100 - =
A P e e Ez &0 % e AT
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P-CREB| === s s = |40 kD E g 0 C,o“ \gc‘"\\?@:‘ﬁ?"l ] g
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Figure 7. (A) In cultured neurons, TNFR2 but not TNFR1 antibody suppressed KClinduced elevation
of p-CREB. n = 5 dishes in each group.Two-way ANOVA followed by Bonferroni’spost hoc test; **p<
0.01. (B) Left: accumulative fEPSPs recordings at mPFC from WT animals. Right: averaged fEPSPs
slope during the last 1 h.Arrow indicates the point of TBS application. TNFR2 antibody (100
ng/ml)inhibited the L-LTP in mPFC slices. n = 8 slices/4 mice in each group. One-way ANOVA
followed by Bonferroni’spost hoc test; **p< 0.01.
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3.8. TNFR2 85HREI%ESHISEMMAT 8141855

200uM H 2R AT LA HOhiE G4k A E LTP, JEREHE GIuAL BRI, shah
PGRN 7] LI 3 GIuAL iR 1k . BHIT TNFR2 324K Thfig AT LIk H & AR 5L PGRN
31 GIUAL BEFR 1k, $878 TNFR2 B x) LTP 7 Fid 29 GluAL BERZ 1L A1 PGRN
51ER GluAL Bk = A AT ek B (Figure 8A, B). MEDG64 45 S iE—BiFsz: BHKr

TNFR2 7] LA RUFE KT PGRN H# 50 58 fu A% 356 1) /E F - (Figure 8C).
A

2 7 B - gG C— PGRN + glycine
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Figure 8 (A) Westernblot samples showing the protein levels in culture WT neurons. (B) TNFR2
antibody blocked the phosphorylation of GIuA1 (p-GluAl-ser845/831) induced by PGRN (100 ng/ml)
or glycine (200 uM) in WT cultured neurons. n = 5 dishes in each group. Two-way ANOVA followed
by Bonferroni’spost hoc test; **p< 0.01. (C) Left: accumulative fEPSPs recordings at mPFC from WT
animals. Right: averaged fEPSPs slope during the last 5 min. Arrow indicates the point of PGRN (100
ng/ml) application. n = 8 slices/4 mice in each group. One-way ANOVA followed by Bonferroni’spost
hoc test; **p< 0.01.

3.9. FMR1 KO /MN@A%A NFxB T &-RELB i3 BERHE

TNFR2 25 7 PGRN f il r] BEPEIA T, KO /MUK PGRN ZK-Fid & & &
S T TNFR2 FIE R NFeB A5 5l B8 AR WOCHR R E . RELB J& TNFR2 T 55
i, 1EN NFkB HIE3E 2 — AN & — Mg 1. TNFR2 0% 5 RELB AR
JE B R IR R i 5. S vk et g L IR KO /N mPFC 4 4% 1 ¥ RELB 7K
AT WT /N B = (Figure 9A).
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A Hoechst 33258 B-tubulin

WT

S 160{ **

S 100 4

RELB fluoresci

“WT KO

Figure 9.Left:Representative images of mPFC sections staining forf3-tubullin IT (green) and RE
in WT mice. Nuclei were showed by Hoechst 33258 (blue).Scale bar = 10 um. Right:Fluorescence

intensity of RELB signal measured across 100 neurons (10 neurons per slice, two slices per mouse, n =

5 mice in each group) for each genotype. Unpaired Student’s ttest; **p< 0.01 versus WT mice.

3.10. FMR1 KO /MRS 2 PGRN 3[4 TNFR2/NFkB {5 218 18 i B #5E
N T HE— SR E TR, BRATIEET TNFR2 353122 PGRN X NFxB &4 [l 5
M. TNFR2 siRNA-3 1] LA R PR A EE 2 22 S0 TNFR2 /K~F (Figure 10-1).
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RPRCY SN St
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IR e S 5
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N S @
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Figure 10-1.The selected TNFR2 target siRNA-3 sequence showed better efficiency than the other two
designed siRNA sequences. n = 5 dishes in each group. One-way ANOVA followed by Bonferroni’s
post hoc test; **p< 0.01.

PGRN A] LS #4876 NFkB W3 p50. p52 A1 RELB, ] siRNA fiff TNFR2
Ja, X—B%WEK (Figure 10-2A), $E78 PGRN 7] DA% TNFR2/NFkB {5 5 i i .
KO /N mPFC X 41 ff 5 A4 g A% NFxB W.3E p52. RELA #1 RELB Rik & T+
(Figure 10-2B, C), iX#2&7/~ RELB #& KO ## 48 yu il ZH 245 FE i 19— > NFxB T3k
RELB ¥ 5 i N, 1EA— DNk F45 6 BIRE R R ) E 37 X, A5 R ilEdE
A )% 5% . ChIP 1] LART I 25 T A0 DNA 454, 45 7R RELB 456 1) DNA &7 &
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(Figure 10-2D). &5 $E/R KO /MR IEE PGRN 5] #2 TNFR2/NFxB {5 5 it
FE s, (et NFeB #ENAIAZ, 530 F iR i 5%

A WT cultured neurons

scrambled TNFR2 siRNA
s scrambled +1gG

\Y LY
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Figure 10-2.(A) Left: westernblot samples of proteins from cultures. Right: The PGRN induced
activation of NF«kB subunits (p50, p52, and RELB) and phosphorylation of JNK could be blocked by
SiIRNA mediated TNFR2 knocking down in WT neurons. n = 5 dishes in each group. Two-way ANOVA
followed by Bonferroni’spost hoc test; **p < 0.01. (B-C) Western-blot samples from mPFC tissues.
Higher levels of cytoplastic (B) and nuclear (C) p52, RELA, and RELB inmPFC of KO mice compared
to WT mice. n = 5 mice in each group.Unpaired Student’s ttest;**p< 0.01 versus WT mice.(D) Upper:
Electrophoretogram of binding between RELB and DNA after ChIP analysis from mPFC tissues.
Lower: Higher level of RELB binding DNA was found in mPFC of KO mice compared to WT mice
according to Qubit 2.0 quantification. n = 8 mice in each group. Unpaired Student’s ttest; **p < 0.01
versus WT mice.
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3.11. #P#l NFxB 5 SEEATAIE FMR1 KO MR JiCIZkER

Thalidomide 7] LA 24l TNFa 14 ;. TAPI-0 /& TACE [3ilF], LA
RBHET TNFo (ORI ISH-23 f& NFxB 2 ERAMHIFIPY, 735145 5/ BRI E
BHX =R, MH—K, —FEREETTNERN . SRR R 28 Thalidomide F
TAPI-0 A REXEE KO /NI4T 5% (Figure 11A, B). Thalidomide 1 TAPI-0 7]
DL p50 Al RELA KR N 42, 1B 42 Thalidomide AR AEL IE p52 Al RELB {4 N #
¥, i TAPI-0 25| E 40 1% M p52 At RELB (¥7H# (Figure 11C). X Al A2 KN H
Wr TACE J5 58 mTNFa Ft &, 1 mTNFa X} TNFR2 [(J/E 558, 5] FiF p52
RELB F#% A # #1722, JSH-23 A 4A 2 — A sl 4 25— U ml LA IE KO /N IIAT
NS (Figure 11D, E). St —%k, JSH-23 v LA 2] p50. p52. RELA Fl
RELB [1#%## (Figure 14F).
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Figure 11. Partially blocking the TNFR2/NFkB pathway rescues the abnormal behaviors of FMR1KO
mouse.Drugs were administered intraperitoneally for 1 week before testing trace fear memory. Effects
of Thalidomide (10 mg/kg) and TAPI-0 (1 mg/kg) on fear conditioning (A) and locomotor activity(B).
n = 8 mice in each group. Univariate ANOVA followed by Lower-bound correction or Two-way
ANOVA followed by Bonferroni’spost hoc test; *p < 0.05, **p < 0.01 versus saline injected WT mice;
"p < 0.01 versus saline injected KO mice.Westernblot samples showed nuclear NFxBsubunits
translocation inmPFC after Thalidomide or TAPI-0 treatments (C). n = 6 mice in each group. Two-way
ANOVA followed by Bonferroni’s post hoc test; *p< 0.05, **p< 0.01.Effects of JSH-23 (2 mg/kg) on
fear conditioning (D) and locomotor activity (E). n = 8 mice in each group. Univariate ANOVA
followed by Lower-bound correction or Two-way ANOVA followed by Bonferroni’spost hoc test; *p<
0.05, **p< 0.01 versus saline injected WT mice; *p< 0.01 versus saline injected KO mice. Westernblot
samples showed nuclear NFxBsubunits translocation in mPFC after JSH-23 treatment (F). n = 6 mice
in each group. Two-way ANOVA followed by Bonferroni’spost hoc test; *p< 0.05, **p< 0.01.Trace
fear memory teat was performed 1 h after intraperitoneal injection of JSH-23 (2 mg/kg). (G) JSH-23
improved the learning and memory of KO mice as shown by the increased freezing time in training and
testing phase. n = 6 mice in each group. Univariate ANOVA followed by Lower-bound correction or
Two-way ANOVA followed by Bonferroni’s post hoc test; **p< 0.01 versus WT saline control; *p<
0.01 versus KO saline control.

Freezing (%)

Freezing (%)

3.12. PGRN @i TNFR2 285 FMR1 KO /M@ ¥ JicZkEmR

N TS KO /MR SR PGRN JE 45 24T 57 B0 4 75 42 KA TNFR2 B0 52
B S LI, FRAT AL FH PR 25 43 S0l R [F) B R 4 19 PGRN F TNFR2. 453
7R A R A ) PGRN AT TNFR2 257] LLAY IE KO /N AT v i (H G [RINT
VA I N 1K) PGRN A1 TNFR2 20947 S MRS, X 1t W I 15 25 7] e el nd [7] — 2% 45 518
MR IEVER (Figure 12A, B).
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Figure 12.Effects of knockingdown PGRN and TNFR2 inmPFC by shRNAson trace fear memory (A)
and locomotor activity (B).n = 8 mice in each group. Univariate ANOVA followed by Lower-bound
correction orTwo-way ANOVA followed by Bonferroni’spost hoc test; **p< 0.01 versus negative
shRNA injected WT mice; *p< 0.01 versus negative ShRNA injected KO mice.

4. g

FEARRTET, RATRKILE R PGRN 52 TNFR2/NF«B 15 S i@ id BEE, 2
BT RO E M LTP 240, 78 KO /M, FEIK PGRN 7K1 A] BLR S 44 R
WRORKE  SAlr[ B0, ot N RAT g sl B J % > FIiddZ. PGRN 55T NFkB
(%A GIuAL FIRERRIL, XX LTP [RIE A AT S, 4R1, 78 KO /MUK
JZr, 21 PGRN fff NFxB i 4ERFIER Rk, BEWT T 5 B A0 6 ) 5 fuk ] 28
M. JSH-23 /& NFkB #ZFALRHE7], 7 LA KO /N BTz, FRIGEshiT
JEEE AT N XL A 45 58 PGRN/TNFR2/NFB {5 5@ B F 2 > A2 A 11
FURRAE T 3 FGIE R, FFI87R TIAYT FXS I\ AN GRRA IV 7R84 . A B2, PGRN
FIEMIGINRZAE mPFC X OS2I, AR SIX, X2 — M ez
FEIRHEIEN R X IR . PGRN FEAN MG X s A—F T ae £ T KO /M mPFC
A0 S SR A T BBV ONLRIR L Bildn, e thep LTD 39K, LTP IEH™, e
PFC 1 LTP 2424,

FMRP /& mRNA B iERI#0HI R 1. 7 KO /MNRH, FMRP [ER S T H0E 4
FENEIRE. mGIUR FE MR FXS YMBERS K —Fa AT R A EE P, 45 R
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MGIUR FEFLFIHEIA AL FXS B R0 748 2. SR, EIVEFBR®1 7 e AN IR IR PR 1Y
. mTOR Al ERK 155 2% i mGIuRs ##, JF7E KO /NR A s . 7 KO
/B, mPFC 1, PGRN shRNA #ilifi] Akt. mTOR. ERK Fl p-catenin #fz{k. [,
E FXS i3 B B ) PGRN 7] LARS HT mGIUR 2RIk AS 5 8

PGRN 424 28 T S AR K H 1 3 HARE o T2 B ORI A 5% fik 48 P82 V7% 20 4K
PERRAR AR A, DRI — o P 4o 8 [ 6 P SR A B R 5 R R 8 b BB IR I
N2 BTG SCHRIRGE . PGRN 75 S8 fiu 2 330 AN o] Y Py T By T LN M €6, R0, 7E
AHFFEA, FATRIUL B FRIAN PGRN $i5E T S8l Thfe, BN T A Sl B Ak
A SO B . TR PGRN ZKF50 B SR B ARl R AL b 2 R R 2L, ik
J& PGRN ] BEALIB B SR AR, FRORFREATIZIHE (naive) RS . Bidf 2% I Riid
f2. 7 DA 3t v AR SR ) L R Sz B bR TR T ) SR Al AR R B A, FLY
FRA L, PRI S0 2 (R 0 8 R R TR IR M TR 3 AT LAgE— 25 BHAS A S Yy
RE KEHAEFIE AR, WS LRAR B 5 il 2840 B A BORT A= 1 58
fidr, E HAESE A P BT 4K AR B IR B SRR, FRAT T R B PGRN KT 2
W K B IR AL, mPFC 1) PGRN KM A J5 (4 — A B WLZ i n, 78
55 AL 3 . KO /MR PGRN IRI7K-PBfE K B A AR AL, (H 5 57 A= R /) A
bb, T7EHAE S BTA A 5 - PGRN BRSPS T, /N PGRN KPR 12
7~ T PGRN FE 5 J H AR Jo b SR 1) e stiod R v R HE SRR

ERBRITEAS T LA N = Fp2RAL, EIANKTE . B aRAHLE I . 40K T B 58 ke
Z ARk, EEHRIERE TIE oM R E MRBIE S A 515 BN
PIM, SRMAS S ZEARE, W micdzP, Wi & 8k 50
BE R IEVE SR UIAN O, ED S nl e, LTP R SfLs M —FELR, Hil e SIA
AL A B . LTP 59 fls 25 FE3G In R A 0%, A MM R K T,
F S HFORBIREAHOC . JRERIE PGRN 7KK KO /Iy BRI o B g TR 28 e
befl. PAte, A RLY 23] PGRN shRNA 185 #8313 5 /) UK R A & T DI RE IR E . =)
BRI PGRN B IE | LTP HyBRE, JRUHE | RMBEICIZHI 013 . SMEYE PGRN {2t
TEAERUNR M Al AE A GIUAL BRIk, (HTE KO /N HIVEH . FIRETE KO /)
f T, PGRN (¥ 35 Atk /K SF BHLIE T 45 PGRN iE— D (g 3k 58 fil v 98 14 . FFSIZiE B,
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£ KO /MR, PGRN ()R 3 iRl TNFR2/NFxB {55 R 0GEE 1 28 fidn] ¥ A1
{2855 . X —RBESE T KO /NR i B PGRN Al M 28 T 25 R oh g vl 844 14
.

TNFR £ PGRN fE 4 It M (A E B IR R4+ Billn, HHGEF PGRN
HE:5 TNFRs &6, B2 R 90/ BT A S0 R TNFo Bogt®, 5
TNFo #HEE, PGRN X} TNFR2 B EZEF2RM ). 25—t 7L kiE: PGRN {i
BEM A A0 TNF-TNFR2 M EAE AT T Aishael®l. shah, i A
PGRN A5 TNFR &, FHARRZESMZ AN TNFo MBHE (S 5 5P
B B T 0, SR T, AEAHE AR, FAT19E H PGRN Ei#:15 TNFRs 454, 76 mPFC
FEEA 5 TNFR2 456 . TNFa HYDIREMA T 30E TNFR HJ3RAY. B0l TNFR1
SERAMBG, TS TNFR2 7] DR & 072E ). TNFRL A5 sTNFa ik
MTNFo 44, EARSES sTNFa 454, MR, mTNFa PE56E0E TNFR2IPO, (A,
FRATHEN PGRN A& HAT SE 4+ ML (¥ TNFR BCAd, MiAs 2 TNFo RSP fEARRF 7T,
PGRN #I\ /& TNFR2 s, @it TNFR2/NF«B il Bk 5 fi 8, 4 BH I
TNFR2 7] L] PGRN 45 B R AL i e Bt FH o X845 53875 7 3AI T PGRN A1
TNFo 755 fl 25/ L-LTP 75 5 I/E A

222 5 A IAE AR K _EIX 4> TNFR2/NFkB (55 # . £ FMR1KO /M,
AN TNFo A BRI TNFo 40 9 mTE TNFo, 50 BRIE BRZWR IS IZ %A
st SR, 0] NFeB 2 4003% 7 FMRL KO /MR B BRRVEIEIZ, 27~ NFxB
(RIS, A2 TNFo (R4 8, X % S ANAIZ A8 70 2 G E 2 . 4] TNFa & A
BB LS 27 1012 AT R H T A At i PR sl A A R = AR AR AR

N T IS TNFR2/NFkB {5 T8 7E PGRN /T 1% S iZHh e, 3k
1175 mPFC #1417 T PGRN Al TNFR2 ¥ E i, HANRAK PGRN 8¢ TNFR2 #25
T KO /NRIIZE2IEIZEE F1. SR1T, PGRN HI TNFR2 X0 SR filt b I 350 BH S5 (1) ir 7]
RN, IXZRBH PGRN A1 TNFR2 51 [l {15 5 38 14 .
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Figure 13.Schematic of PGRN/TNFR mediated signalling. Left: Normally, PGRN binds to TNFR2 and
activates downstream effector molecules. It leads to activation and nuclear translation of NF«B, which
are critical for the spine development and synaptic plasticity. Right: Excessive PGRN induces
overactivating TNFR2/NF«B signalling pathway, leading to abnormal spine development and impaired
synaptic plasticity in mPFC of FMR1KO mice.

i LRk, S5EAERUNRAL, & PGRN L #IE TNFR2/ NFkB 15 518
% (Figure 13) 30T 5 MM RBUL B I-0H LTP MFES . XUULAERMEE T 78 K fil
RAERI GBI, 181 PGRN 5 W RIUK & 5 I 3805 FXS AHIC I R fir] 28
VB AS ¥) ELBIEE
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