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Long ncRNA expression abnormality in polyglutmine diseases
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To reveal the pathological significance of the gene expression abnormality in
Huntington disease(HD), we developed the method to identify the gene expression changes in specific
neuronal fraction such as medium spiny neurons(MSN) in striatum. We isolated MSN using cell sorter from
control and HD model mice with Venus expression in MSN, then compared their gene expressions with

microarray. We identified many genes, which showed expression changes, those include previously reported
and unreported ones.Those could be confirmed by RT-PCR if the expression levels are above the certain

level. We also identified the expression abnormality of long non-coding RNA, however, many of them showed
low expression level. Thus, new methods for confirmation is necessary.
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1. WFFERRMA LYD&
NUF v b (HD) 3G o &S =2
—nr (MSN) M T 2 BARME D2
PRETHY . JREEE T HTT \ZHFEET S
HMERY 70y U NREREGR -7 1
TFULLHAG LBEEEELE T L0
5NTW5D, ZIE CERIG T REMITICL -
TEL ORBEBEBELTNEEINTE
M. Gfap DX ICRIEKIETEILLTZEE
ZONDEBEETRZRVERTE(LLEE
BEFbEENTEBY, BEHE: HD WREICE 5+
HBEBTFRABILERETHETICEDLR
Mmootz BxlXTEORMEE R 57-%, HD
THEEIN S MSN CREZL#HT HEMLTF %
RETHIENEETHDL EE X, Kt
W3 512F - 72, F 72T long non-coding
RNA (IncRNA) 23028 PE P B O Ji B L2 B
5FT5ZERHLMNEZD (Wu P, Brain
Res Bull, 2013), HD T} H L H#H T 5
IncRNA "3 E s TWabdZ &b
(Johnson R, Neurobiol Dis, 2012) . < D
HEWIRNT AT O MBERNH D LB 2 T2,

2. WO EHB
HD =5/~ 7 20 MSN THEHICEH)+ 5
BB L IncRNA 2 FET 5,

3. oKk

(1) MSN 7o~ /77 A
figdr (X 1) : MSN T Venus #%H9 25 b7
VAV xz=vw <A (Sendb-Venus) &
HD hro7r AV xz=vr~T A (R6/2) &%
i L. FACS (BD Biosciences) #f\ T~
ARRARD D MSN Z R8I U7z, AWFIEILE
AT 58I FICER LTS 41
o~ AEEH Lz, K MSN ¥ 7L
ITHD ~ v % (R6/2;Scn4b-Venus) & =k
n—/L~ 7 A (WT;Scn4b-Venus). =iLZ1
4 FITSHEBELE, 2hbodh 7T uns
Total RNA ZfH{li L. Ovation Pico WTA
System V2 (NuGEN) (Z XY ¢cDNA DO#lE
1T\, 7~k L T SurePrint G3 Mouse
GE 8x60K Microarray Kit (Agilent) (Z/ A
7V ¥ A X LT, EHALIZ GeneSpring GX
13.1.1 (Agilent) % i \» T 75 percentile
shift TfTo 7=, FEFHLERIX student t-test &
1T\, p-value cutoff TEHEZ=— K15
BIAFTIiE 0.01, IncRNA 1% 0.05 & L7=,
% 7~ Raw signal cut-off ITEBE % =— K¢
5HIBAE T TiX 500 IZFXE L7223, IncRNA 1%
HEBEDMEN DT R o7, ThbD5
A& 72 LYo 7OVTC 1.5 UL E O FE B
HRRBO LN LBEE T2 LT,

i)

Papain dissociation
system (Worthington) RNeasy Micro

(Qiagen)

|%->¥F>£Sb>
e S Total RNA

4wks age of control FACS
and HD model mice

— hd ad

cDNA Amplification Labeling

Ovation Pico WTA
System V2 ( NuGen)

Hybridization

Genomic DNA
Enzymatic Labeling
Kit (Agilent)

X 1. MSN Vv Lot~ 707
L A AT

SurePrint G3 Mouse
GE 8x60K Microarray
Kit (Agilent)

(2) BMEEY L TVOFEL~ A 70T LA
MEANT : MSN [ 43 & #R R 43 12 3 1) 5 R Bl
EENBRG T 2T 5720, MKy 7
LIREkIC~ A 7T LA i aiTo7, 4 @
o R6/2 Loy hr—~T ZADMBENKE

(n=4) 7°5 Total RNA Z#fiH L. ¢cRNA %
Z XLk L T SurePrint G3 Mouse GE
8x60K Microarray (Agilent) (Z/~nA 7' U &
A X LTz, Bohi=7—#%% MSN &R
EHUE & cut-off 21TV FEBAEES T %
HL7,

(3) Gene Ontology (GO) f##r : DAVID
(https://david.nciferf.gov/) % FAVTITo 7z,

(4) RT-PCR : MSN 4y (n=6) ® Total RNA
1%, Ovation Pico WTA System V2 (NuGEN)
Z AT cDNA DAY « BIE 21TV, 2ng %
PCRT 7L — k& L, $BEERY 7
L (n=4) ® Total RNA (. ReverTra Ace -a-
(Toyobo) % AV T cDNA #& 5% L. 50 %7
WL7zbD%E PCR 77 L—hE L, 7
7 A ~ — =8 Primer3Plus
(http://primer3plus.com/cgi-bin/dev/primer
3plus.cgi) % AW T F L7, PCR IZ
FastStart Universal SYBR Green Master
(Rox) (Roche) # Jl\»T LightCycler®480
Real-Time PCR System (Roche) (2 THT\>,
BNWCTEETFORBEELZHNER LTz, Y
1bIZiE Gapdh % e,

4. WFFEE R

(1) MSN DR . ~ 0 ABGEE BRI 72
MSN #5322 6 MSN LIS ORI FRE S
TWAZ EEFEND DT, R RA 7258
RErTE@FrOS 794 ~—%2H T
RT-PCR %17>72, 95 & MSN 4y Tl3A
VaFrRathA b, TAIaYA R <A
ra gy, Ay F—=a—u UREENREE
TORBNFLIWA L, Zo/EEE
FACSIZ L > TMSN oA xR LIz
KL Z EERLTWS (X 2),
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X 2. MSN B4 B L OBREEE ST
DR RAELFORBRAED LR

(2) MSN 53 12 36 1) 5 HREERY 72 HD JE B H)
{K%@%fﬁ fﬁb‘f NWETHD THEX
TN DB FFRBIZ LA MSN 4y T bk
XD L EENDDHTD, TNHLDEETD
W E% RT-PCR IZ X > TRz, 95¢&
Scn4b, Penkl, Ppplrlb 7z £ @ HD THRBUK
T4 2B TR MSN i) T [RIERICE T
LTWbDZ Enpmoie (IK3),

HWT;:

W R6/2;Scndb-Venus

(http://www.brain-map.org/) T ~2% & .

Ctgf. Gfap, Cyp26b1, Npasl 7z & MSN T¥
BLTWeWEE T
DEBEZENTND
ZENbNrolz, Z
DOFERIL, B
gL b~wA a7
LA f#HT1E MSN LA
Ao HE D EAS 3
BEfbEEHALTND
ZEZEFRLTVD,

Protein coding

I MSN gene set
I Striatum gene set

B 4. MSN Ei4 L BREBESITIIT 5%
BEBT 5 coding RNA DO lLi

(4) GO f##HT : MSN &R, ZhEn 0%
#iE s 122 T DAVID T GO T 217 -
72 2%, BP & MF TR % term 73 A
Entz (K5), 2z~ L 2k
PR 43 Tl MSN LIS O flfiE D B As 738 B4
fbxE A TWD, MSN iy TlZZiH A
MR- 7- LHER X7~

== | _Top enriched GO terms in MSN

B 3. MSN B4 2T 5 REH R HD
REHRET ORAL (.

(3) MSN Hi /BT 2 BB LE &L T
<coding RNA> : F9TEHELX 2 — N7 5%
ﬁ%@ﬁ%%mowThBN@ﬁkﬁ%WE
STENRENY A NEERL, FoRE—K
T2 EH~7-, MSN M5y Tid 187, #i5
RIESy TIX 197 OB F23MlE S, W#F T
—HLI-EEBETFOHIL 36 Thote (X4),
Y Zo—H LB ETFEHOD R ZITES)
THo7zn, MSN OLTRALHT 5&E R
FREAZ ISR TV &, 12 B R6/2
THRIANE T 25 Rasgrp2, Gsn, Itprl,
Rarb, Ptpnb, Ckb, Cplx2, Oprkl
(Vashishtha M, Proc Natl Acad Sci U S A,
2013) 75§E’|iﬁ’b’CiOD ZDZ LB MSN
ARG IR 7y & PRl U TR R 23
J:i))o’(b\é EMEBZ LN, FIBREIER
W5y DI CHIEE T 5B FIZONT, £
o F B OE AL % Allen Brain Atlas

Pdetb

Category Term Count % _ P-Value FDR
GOTERM_BP_FAT  GO:0050801~ion homeostasis i 58824 2.33E-04  0.3681
GOTERM_BP_FAT  GO:0007194~negative regulation of adenylate cyciase actiity 4 21390 6.53E-04  1.0271
GOTERM_BP_FAT  (0:0031280~negative regulation of cyclase activity 4 21390 6.53E-04  1.0271
" | GOTERM_CC_FAT  G0:0005886~plasma membrane 42 224599 00003  0.3167
GOTERM_CC_FAT  GO:0014069~postsynaptic density 4 21390 00092 108675
" | GOTERM_CC_FAT  GO:0042995~cell projection 12 64171 00094 111297
.. | GOTERM_MF_FAT  GO:0005509~c: inding 18 96257 00003 04324
GOTERM_MF_FAT  GO:0005261~cation chan e4 activity 7 37433 00144 17.2043
GOTERM_MF_FAT __ GO:0005262~calcium channel activity 4 21390 00170 199888
Top enriched GO terms in striatum
Category Term Count % __ P-Value FDR
GOTERM_BP_FAT _ GO:0007610~behavior 16 9.356725 1.27E-06 0002033
GOTERM_BP_FAT  GO:0007268~synapfic transmission 11 6432749 2.24E-06 0.003597
GOTERM_BP_FAT  GO:0007626~locomotory behavior 12 7.017544 4.75E-06 0.007635
GOTERM_CC_FAT  GO:0005886~plasma membrane 48 2807018 4.33E-06 522E-03
GOTERM_CC_FAT  GO:0030425~dendrite 8 4678363 5.095-05 0.061258
GOTERM_CC_FAT  GO:0043005~neuron ion 10 5847953 3.06E-04 0.367538
GOTERM_MF_FAT  GO:0005516~cal 7 4093567 2.41E-04 0.320008
GOTERM_MF_FAT ~ GO:0035240~d 3 1.754386 1.19E-03 1.577744

GOTERM_MF_FAT _ G0:0043178~alcohol Ibmdm 1754386 0.003067 4.003935

X 5. GO ﬁ@*ﬁ@?ﬁ':% (BP: Biological
Process, CC: Cellular Component,
MF: Molecular Function)

(5) MSN M/ 28 2 85 o 5 B & &)
IncRNA %8l : 2 FETHD THEINT
l/‘é IncRNA OIEEZLIZ- DT, MSN [
DTTOHLRBEOEMANPNRBRDOD 5N D 0%
RT PCR 2 L » CHEFR L7z, Neatl, Tugl i
HD BFEMTIEREN EH LTy
(Johnson R, Neurobiol Dis, 2012) . 4 ##H
HD ~ 7 2™ MSN [E43 TiIEd LT\,
E Meg3@§‘§fﬁ”7‘r@] O BIIRD S T2,
Tunar & Abhdllos IZREIBIMETF L CTW=
(K6, ZoZ &b, FHmie HD v 7 &
(FrIZRIERH) OBIRFRBENSLT L
Hb—HT D EEFRERNZ ENDNoT,
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X 6. MSN HEi& 23 5 BE& D HD ZH
28 IncRNA O FEHEAL

(6) MSN Hi /BT 2 BB ELE &L T
<IncRNA> : Agilent O~ A1 7 a7 L A &
coding RNA ®{Z7> non-coding RNA ® 7' &
— T HEH L TNDD, 1 ODOT LA Tilj
FERFEIRFICHBITCED LV OIREARH D, £
Z TH & Id coding RNA 7215 T72 < MSN T
FHEFHNT 5 IncRNAIZDOWTH Y R R &EE
172, NCBI |Z RefSeq BN&FkINTW\5
IncRNA X 7 v — 7 ¥ 12 L T 52
(Downregulation: 18, Upregulation: 34),
7= K B & ®» IncRNA X 610
(Downregulation: 237, Upregulation: 373)
T 22 LITB Lz, A% b 05
758 IncRNA (22T RT-PCR THFEZAIT
V), iIn situ Hybridization CREZH 25T
BN, BEABRHEVITH D7Dk
DFETITRHARARETH Y | Fi- ek
FiEEBE L TWD, £72 NCBI RKEHFD
IncRNA (22T X UCSC Gnome Browser
(http://genome.ucsc.edu/index.html),
GENCODE (http://www.gencodegenes.org/),
NONCODE (http://www.noncode.org/) 72
CEFIH L TERIDOAFZHED TN D,

(Dnon-coding RNA 54325 TLS / v 7
T hv U AOR
INCF U NIRRT g S RERES
EHELE LTCRELE., FUS/TLS IZBIL T,
RYIZNVEIVEE-REMET O &7
L (Doi et al, Neurosci Res 2010) , &
DICEBITICEET S RAL U 2RIEL, M
JANBREOREL Z NI 53 5 /et %z
;& L 7= (Kino et al, Nucleic Acids Res
2011), FUS/TLS |3&EH) = = — & U RF R A
A B E T A AREER H D, DR
I HIZHRET A7, FUSITLS /v 7 7
U M= U ZADMRHT ATV, 2O T AR
TIHE#H = —mOEEREE RN &
ZHEFR L 72 (Kino et al, Acta Neuropathol
Commun 2015) ., Z O#kF1x FUS/TLS 225%
BRI AIER = = — o PR FTEAEEE
ZSPESE X FUS/TLS @ loss of function & VY9
X VX, gain of function T 2% A REM: MR
WZ EDRB I N, ABRAMIE CTHNL I
7o R R B AR PR BT IE A W T
IncRNA OfiEHr O FETH 5,
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