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Transomics analysis of neuroimmune interaction in Parkinson®s disease
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To identify biomarker in the early stage of Parkinson’ s disease, we
employed transcriptome analysis for blood cells as well as iPS-derived neural lineage cells.
Additionally, inflammatory cytokines and secreted molecules in blood plasma and serum were also
examined as secretome analysis. Although transcriptome analysis identified temporal increase of
THMD and AREG transcript, but sequential analysis in second year did not present these significant
changes. Unlike blood transcriptome, cellular transcriptome during differentiation process
indicated significant changes of MEG3 transcript, which is non-coding RNA was downregulated in
entire lineage of PARK2 deficient background. PARK2 patients provided significant increase of I1L-18

cytokine. In this study, we characterized dysregulation of PD at molecular level in both central
nervous system and immune system, raising the further requirement of dictating missing link to
reveal the underlying mechanism as well as therapeutic target.
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AWFFETIE, CAGE HEIC XD N T A7 U7 b—AfENTE L O Luminex Hiffi & Az & L= A
A ANEIZLE > TIHDONRA F~—T—%ELLD T HHLDTHSH, CAGE {EIZHBWT
I, MAZANZ T Cell intrinsic R EZAGNNITE 5 &3 2T iPS fMilah &0 bikE L
BB H DHD N T AT VT =K OWT b 2D 7=, FFFEOERIZ - T,
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CAGE HBIZXD TR Z U b—2T FYLEHFIZEAT CHE%E & 7= Cap—analysis Gene
Expression (CAGE) %%, RNA @ 5™ REGIZAFIMEI N TV 5 Cap ZFERMICE AT LT 5 L &
HiZ, TEVY « EAFURERICL VIR L CTRSIRE 21T 9 FETH Y . KBS F ) AT
A FIZBEBEFIREHGRZRETE S L S D, nAnT-iCAGE IZX Y HY A7 — U WIHNZ & 5 R
H ARG MAHL D PAX Gene RNA ZfifHT L7z, AWFZETIIM T T > MT L o THEE SN TV RER
(BAWUAD KRR N A7 V) 7 h—Afftr 7 a7 RBIRE LT, EfEE IO T
DFHAE 72 & NS T~ — D —E O 21T - 72,

RIEVET A P A VBB &R OIELANS, 2R T HEO IR 2> D KN O %[l 53 55 W
TOHRIEMEY A A DO E— T L5 (Irving K, and Fukuhara T et al., 2012),
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Mg 7222 b 2 & T2 RIEVEY A B A IO T H O THRE LT,
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DBWHET VA Y 74 AT 7 #—F (SEAP) Zf@lE LT BIa T2 A NT 7 MR T 5L ERGT
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[ZOWT b YRSl N ORI 4 S FFEICH:®E BiE& 7Y 7 LT, SEAP FERMEIX
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MR MRTE . ARk 2 72 DS B B D WITREZ 3 5 A A~ — T — & L CTYREED
HE X (Saiki S et al., 2017; Fujimaki et al., 2018; Saiki S et al., 2019). &t
EMICEIR LT HIETZHi~— 1 — L LTHELEEZEX LD, AR TITiR a2 n 7 fE
FH O s 245 CIREIER R & 72 2R 72 [RET 2 BT, KM AifEko k2> 27
U7 M= 5 NSRIEMY A M A BB L,
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RIIMIED b7 > A7 V) 7 b= IOV THRFEIAFSEIC L W CAGE ffMT 21T~ 7=, 2 >DHEApD
7T Y X2 (DEseq2, EdgeR) 1KV, fFE (1 04) IZHLTPDEE (2 24) TIEESA
TOAREREERT ERONT 2 HEMEE 2R E L7 (Amphiregulin 3 X O
Thrombomodulin), 7235 150bp F&JE DIER G REMIZ OV T bEM IS HAv=28, Bid 2 A+
BIERTARF L LTHEREEND, L LRGSR D O RAE TR & 7z if A ifn Bk
D CAGE fRNTIZ X B & | #BPEMOIRBLZEITD LA BZZRD o, O EnBTH
DIEHZ L TWAD Z ENTRINDLN, WEHEITICN O ANA A~ — =121 72 57 ATREMEDS
RN, EOICZEEN TERMICE Y X o RITEL X)L TA, F~——L20 5 D0F
DRET L7225, 7 B FIH L7 THBD @ ELISA v "B ESNT-F7 — & Tl /s L
PD i & ORICEEZITIRHE SN -T2 2D DERIZ OV TIE, CAGE FEHTIC L 55
IR TIHBENT — X R—RAEHE L T, FRBRBIL UG HEE L7 (Valentine MNZ et
al., 2019),

— 5 IR OHERIZIBRE LT, AR F0 B L biiie A A2 R Z > A2 U 7 h—
LD OUNTHEAT PARK2 2251035 H LT CAGE fRMT 24T - 7=, iPS HIRa ) AR~ 725 &
PR 2N LT, PD BE B kD iPS MR Z 3 biEE LT, Kb iPS MERE, PhRERTERAERL,
BIOR— 33 ARRRARIZ R LT RNA I ZITV, TNHD R T A7 U7 h— K220 T
Hiseq200 % FHV 7= CAGE fif#TIc L 0157, 3> 7/ Y XA (DEseq?, EdgeR, Bayseq) %
WCHMBIRRRIZCB W T A 2 R T BB T 2T LT 2 A, 2L OBEBETAELNT, Tl
INF248 %2 C210rf33 (HES1) \ £ 7-BEE TIZT /T —Y a vy EN TV ARWVWELGFLEENTED .,
3ODOWNWTHOT/NTY XALTE PDHETERBERT DG EY & LTt S 7z, INF248 (355
W& TR SN D DTS 23D 7o < BRREIIRANTH 5, F 72 C21orf33 (HES1) O FH R IHFR
T 252 T 2 —0F 4 7 > V) X LFHER O BN EE I N D720, PD ORIBEELR (1 L HEIR
ITENRE) & OBEN TR I NS,

Downregulation in PD neurosphere

Downregulation in PD neuron
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Transcriptome analysis of iPS-derived neuronal lineage cells.
Data set obtained by CAGE analysis was validated by qPCR analysis. In qPCR,
3 ACTB (beta actin) was used as internal expression control. Samples per primer pair
e are duplicated, then obtained signal was expressed in graph as RQ value, fold
= expression change over the level of internal control, with log10 scale.
— Loss of MEG3 transcript, long non-coding RNA, was validated as decreased
i DEGs in PARK2-deficient cells enriched by CAGE analysis. Other genes
presented variable expression level in between control and PARK mutated samples.

FFIZ PARK2 B R OBEIE RSB W THET HBIE T2t L. 2> qPCR 12 X 2R B O
BAEITHoT-L Z A, non—coding RNA Td 5 MEG3 1%, PARK2 ZBRICBWTHEE TFRENMETT 5
ZEMEFEENT, MEGS 1F, Y =R T 4 v I IRBEA DV A Ly T ELT O HERE (Mondal
T et al., 2015) X°pb3 &L EHHREA L CHAEHIEIREESZAMIZ X 27 R b— v AMttE 2 59
% (Yan H et al., 2016; Zhan R et al., 2017) Z RSN TWAHD T, PARK2 ZBRAH TS
PRSI R TR E A B L A~OERKSZ M (Imaizumi et al., 2012) DA B =X LITEBWNT—
WA ) Z L AVRIBENTZ, [FRED A I = X AT E B DL EZ ONDHN, AR THE
B4 2508 RMIRIC BN T, H D WITHERMN & oM EERICB VT, FRRICERT 2
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WNFF (Juntendo Medical Journal 38X ONVFENRAZ —3 ) TV CERERK T TH S,
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WK TT AR A B, MEOBEMIETESWVIZAEICEY 3 0 %REDIK T, 72 L 50—
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PD TIIBEICHIEH D CCLE EIFFIWVR B b EIEEICIEOHEMEEZ R ~v— I —& L THE S
TuW% (Tang P et al., 2014), MR T, ZOFCTIHEFH & PD (BEAEL P HeY=2.4) Dtk
BN THILIE 1 O CCLS BT T & TRV Z E H/RENTWND Z Evn, CCLb 13 AE
OB L OEITZ2E = —F 52N F~—DT— L TRYLEZLND, £7-PD BEDIFRE
AT—=UNEVIAFHTHO Y AfEN TR D EEZX LN, KMEMRICEENDY A b A v
FRNT 2 AT o 723 L D Systematic—review 3B L VA X FEHT (Qin X-Y et al.,2016) TiX. 3196 {4
6 BRR X7 25 HEOfENTIZOUWNT IL-6, TNFa, IL-1b, CRP, IL-2, u1aca5ﬂhﬁ#5
NAF~w—D—L LGRS TWD Z LD, CCLS 1TRRER T — VIR 72 R 2 — 2 %
RTEEZLND,

—57C CCLA X, NKMifaCHER 7 E 2 < o mflaD r 4 v L LTHabBRD, D
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%%mﬁbtkzé\m(ﬁrﬁiﬁmwz5) WZBWT 191, L73HEHKRT A s
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(a) PDTlE. RANTES(CCL5), MIP1b(CCL4), VEGF A B B ICE T, (b) PARK2CIIL-187¢ L 5,
— o ol [neisas B I P
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ttest poCTRL ttest PoTRL ttest pocTeL | [ s
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TIMP-1___|Tissue inhibitor of Metalloproteinases 1 (TIMP-1) 0000336521 05843 02385980472 0922 0.009173011 0877 1090
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MiP1a Macrophage Inflammatory Protein-1 alpha (MIP-1 alpha) 0625395019 0951 nid nid omss | oo =
IL15 Interieukin-15 (IL-15) 0653100426 0967 0246244636 1.060 nid ora | 1om e
IL12p40 __|Interleukin-12 Subunit p40 (IL-12p40) 073212141 0979 0092737129 0904 0.000190738 1295 | [oor . ETE
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METHOD. RBM inflammation MAP. 2 cohorts were analyzed. Red box indicated statistical significance (p<0.05). Ratio was colored blue
RESULT. (a) Among 3 samples, RANTES (CCL5), MIP1b (CCL4) were significantly decreased in PD. In serum, VEGF is decreased in PD.
(b) In first measurement (117523), IL-18 was increased in PARK2 patients compare to control samples significantly.

PD #C LEHMEMEZRTINT L LT, FLRIEMEY A A > IL10, RIEMEY A A > IL1b,
IL18 72 £ IL1 family RIF-23 I &N 7228, WTIHORIEIZIBWNT %ﬁﬁra’]ﬁ,_ =l %éfmxo
77o 7272 L PARK2 ZER A AT HREE OBV T IL-18 [T FH I THAHIA EIC
LTz, fEFFE . PD. D UNE PARK2 R 3 B2 HERET L 72 & 2 A, PARK2 2858 %‘
VT ILI8 AR IIA BT 2 ERRE O LA N BN o T,

BESR CId aSyn 1% NLRP3 inflammasome #%# % /1 L C IL1b Z3&IFHEE L, IL1b OEAILROS &
FEAE S8 NLRP3 #8382 16 k325 2 &ﬁ:%uﬁgznfb\é ZRMEBLETRONS X iz, IL-18
73 NLRP3 & Z AR L TR T 4 77 4 — Ry 7 L —FI2 L » TRIEER & B HEA
T5Z ERHERI SN S (Lang Y et al., 2018) IL 18 1% Thl @ IFNg pEAS NK iR &Mk
HETDH I EN—fR $&¢ézhfb\é7ﬁ> PD 1281 5 F DOIERBEFIZH 52> T72\0, Pinkl 5
UM PARK2 DB FRIB~ 7 A ZFHW-H4E (Sliter DA, 2018) 75, STING f&E&<> NLRP3
inflammasome Z AT L7-KIEFIMHIZ T AMIIEI = o4 R (HER) Oo~v 7o 77y —U0n4E
ESIND, ARROFHL T, PD FE X PARK2 K~ 7 RIZOWTHRIER T-ORE S SN TN D
73, CCL2, IL-6, IFNbl Nﬁﬁjéﬂém&f%ot_m%\ IL-18 OE M AEH AUEH 672
CENTESP, JREEEITICH O ML WMA 7 OBEHER A = X LDRBR ST, TL-18 DY



MZRTHREE LTI &I, =V 7 F PDZRICE T 7T —% —%% (Fahmy E et al.,
2019) AEE . Z ORI PD ICB W TRIEER EFHBENH A Z LN RIN TV 5,
HE IL-18 [T BE CTEEHNRD SN TIETFEICRHANRO 5115 (Human protein atlas)
. PD TIIBNHEEZEOELE FORERMEIZDONWT T RAET AR LRNNIE hTRENTEY .,
PD HITBRIEIR T do 2 (1R & INMIE % D dysbiosis & OBRANER S TS (Sampson TR et
al., 2016; Lin C-H et al., 2019), IL-18 ®BAKM7/ERRSFIZ DWW CITfRIGRETH B,

FEABRTII VWL ODORIE~Y—H—E LTHLND CRP K FEHA 2R LTz, FoMEi
FB19 % CD54 (ICAM1), CD106 (VCAML) 1%, RIEIZIS U THIL I T, U L EROMRNIRIE %2
e HEERRFTHDH, ZNODEL 7 1%, RIEEOHEITIC - T, BAHRAT—
TIEHOIN T e T 7 —EIZ LY shedding SN TIMHFIZHWMSINDIRIE~Y—H—E LTHHILI
T35, EFRIZ Inflammation MAP 12 (B &47z) mIPAME ICAML X2 VCAML 28t STk
HEICL > TUIABEEERTETRIEOETEZ R LIz, ERROKTA b A omiEtE & oo
JEIZ X o THE I D PD RIHMIEN ORIEIRTEIX, TR DR A R LT D & HER =
NHMNR, TN EEMEORIE RO RIETETEL & E BT 2 RIESEEZRTZET VA
TIEHDHO0, MEFIZBIT DB ERREEITICNRD A T =X LAORHIZIX S bR RN 8
BWThHD,

F YA A — D — R FREDS BRSO I N EHEIRIC 5 2 D I DWW TR, fifT R O
LENATATOMENE MR E Y > ERCRMIAOERE < RIBET v BA RETA TA A= 7%
& Incucyte |2 X > THEZ L7-, TEER I\ T b kA 2210 N R AaRE 2 Rl L CROMBEN
TEOOh 5, B FREIHLSIIZOVWTIE, ClariomS ~A 7 a7 LA Z W= aEEH T A
7 U7 b= AENTIC K ARIEE — NI A RR T D5 TE Ch o720y, ERIFHIZE T L
ST Te A %G| E e E R 2 ik 5,

PLED FZ 27 07 v—AF L Secretome #2256, PD A MK IZHHRAY 7234 A~ —
B —DBRFEERT, WTHUOMRITICEB N THHEE L JL O 5 IR BERIN R 7o IR 17
ZEE LTz, HB— DR THEDORIESCEI T SN TW D DT TIERWnWZ &b, BEle —
KT AR O Tl KT 2 ENEE 2572 DI\ TH, S®kEslbalbe/s a7k
— MZEDY TN U TBLOERGFNMEE A S, FFIZ PARK2 2R A2/ 35 PD BEIZTHBWT
[FIE & 7= MEG3 =° IL-18 {22\ TlE, PARK2 R~ v 2 & W=’ gliatErrhchn . &
% DOEHTITIB N TOFE THREE L 720,

FEBIS U CREMICER LZEE & LT, A5 602 - 72 IL1 family K1
Bt (HrlT IL1b, IL-18) & 5 NLRP3 &K D> 7 F A FREHIOTERICHOWTHET 5, Wi#
DPEALEAD D VISR R fIRURIL, IR E LTaRh e B2 b=, SEAP ML 4 faiE
L= X ) TR ERA LM T A4 77 U —DRFEER AT, LR RS 1Mt
ENT=KI2 0 0OFEOH I TALEM T A 77 V) —inh, Mi— IL1b & O A & IH AL 2 dfifb
&Y (2— K&%5 3D) At v hL7e, ZHhUAMI S IL1b B ATEELT 26 (72— RE
5 5B) I3fFE L7223, TNFa &REICHIERT 2R 2572, =2 T2 LAY 3D OfEEHE
K% 4 6 C 9 ORI D F7e DAL OV T, IL1b JEMALIC BT A B A REt L= F
WIEMEAL T DAL EIFAE Lo Tz, —HF TARKRBIZB W THZE L Lo b IL1b #2552 Hl
L9 LBz OWNTIE, BIEE TIZHE LN TV R, HITZIC AT L2 ILIS LA — ¥ —fifd%
FWTCRBROFNT 21T 5 TETH D,
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