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Elucidation of the mechanism of age-related functional decline of BBB in terms
of cellular senescence
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Age-related blood-brain barrier (BBB) dysfunction can contribute to
neurodegenerative diseases as well as cerebrovascular diseases, but the detailed mechanism of BBB
dysfunction has not been fully elucidated. In this study, we focused on the cellular senescence of
vascular endothelial cells as a cause of BBB functional decline. We compared the gene expression of
cerebrovascular endothelial cells of young and old mice, but no significant difference was observed
between them from the viewpoint of cellular senescence. However, we found that inflammatory
properties are enhanced in cerebral vascular endothelial cells of aged mice and identified vascular
endothelial cell-specific gene candidates that can suppress inflammation. We will investigate in
more detail whether they can suppress inflammation of vascular endothelial cells at the mouse level.
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b HH ISP AR 2E 70 & D IR IR UL H AR A D FZERFENTH B 721 T2 L, EEIFRESCR A
JEORIEZ SO L, BEN#EE2EAHTRERERLER->T0D, INHOHEBEIET S Z
i EREAESCIMER HOBIBICEN DO G, @iinE NH KRR - EHaIIE & 5415 %
EDHIZATHETH D, MOME O > 6, BHIME R KX OFEEOMENEIRIZE & O T N0LE
EMEENTHRY . 2D OFECITmEKEE (BBB) O & 12 X o THEEHIFL A~ D538 5 Dt
BT R DM DB AT O TN D, ITFTlE, IMEEICB T A2EMY VR BEOERME Ik
THXEEIGH G L7220 . BBB IO EF MR ICIB W TR R A FF O Z LR ST
W, TRNETIZE PRV T RIZBWT, MEIZfEyy BBB o MEZRMER EHT52 L
(Montagne et al. Neuron 2015, Elahy et al. Immun Ageing 2015), BBB (251} % I & %518
MO ERSCEBFEY OBREFREDK TIZ L - T, MHIZRIT D RIESCHRAE MR B ENTUHET 5 2
EVRHREZINTWVD (Sweeney et al. Nat Rev Neurol 2018), LA EX V., MImMEEREZFSIES
% 9 2 CBBB OIEHREREZMER T2 2 LITIEHICHEETH D,

FloINETOMENS, INEIZHE-> T BBB #5892 Mafkt (i N mid, B Rz,
TAIaYA N 2707 YT RE) ICEN - ERNRENEND Z ERHREIN TS, L
L7 B, TR B AUSHE S RREE ] & Tinksi2 (5> BBB fiiilanZE k) & oBIf%R
IIARTZHBEMMR LI TSN TE LT, FERBEREDIZ-Z D LWy, £72, Jikmic L% BBB
R OBEREIR T OERRIZIB W T, COMBBENEE &BI 2 RT-T 00, EO L 9 Z2Hilafi
DI BA K= BIFETHOICONTHITE A LRI TV,

ZIVE TIZYMFIEE Tk, MIIEMEE R ATEE7: DNA 15 % 5 1) 72 BRI HEFE & R rl W g = 1k
T5HG TaEib) (2EH L, 2D TE7- (Ohtani et al. Nature 2001, Takahashi et
al. Nat Cell Biol 2006), MEIZfEWE(LAIAZERET 5 Z & (Yamakoshi et al. JCB 2009) .
EALHIE D 3T 5 TL-6 RO IL-1 B 72 EDRIEMET A NI A U BEB AT Z EEH LML
T\% (Yoshimoto et al. Nature 2013), ZAL5H D Z &5, MERIZHE O BALMAROZEREN, &
FElEAR OMEEIK T O—H & 725 TNWD T EMNRBEIND,
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FFEOZ LML HEEIL. MICEB WO THT S0/ TN T T, #h) BBB
DOHEER TICHEL 52 TWDOTIE W& 2 7o, AR TlZ, BBB OREIK T O £
T =R N % FRMINAE N RO Z LB G OBLEN O LT 52 L2 HIET,
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(1-a) #Hn~ v A & @&~ 7 2O O & N R O »I &

Fn~ T ADME R L 27 7 — B 8 21T 7%, CD45—, CD31+0D il PN B Al
=T 47 L, OMEEREB L O R 21T o 72, MR 10 BB &1 -o 72, F72Mia
DT At—FEBRULL, MiaEHIES T ple OER PCR 217> 7,

(1-b) 1fn % PN R IR R FE9LC pl16 Z BRI BT 25 ~ 7 A DERLES X OV OfdT

Tamoxifen {KAEAIZ human pl6 % @REIFEHL 9% LSL-FLAG-hp16-IRES-DTR-EGFP ~ 7 2 (p16-Tg
~ A, YAFgeEsE CIERL) L N R B AYIC Cre—recombinase % 3§¥4 % VECD-CreERT2
~ U A (BIEFRBRY:, ARHBEHER L VEE) 2006 T8I L, & NRARORIR
SOFR B A AT LT,

(1-c) #fin~ v A & @i~ 7 2 DORRO & N R HIIE D RNA-seq FEMT

v~ A (2 7 ) BEOEH~ T A (30 7 Ali) Zi24 4 189D X 0 fKii s P Rzl
V—F 47 L., RNA-seq Rt 24T -7-.

(1-d) bEnd. 3 MifRIZIT D/ v 7 X0 o Ek

B~ T ZADOMIME N AN BN TER~ 7 204 O L E_TREIET L8R E
B L. =7 AN AL 2k CTd 5 bEnd. 3 #lfRZ W T siRNAIC K D ) w7 X 0 &AT
W, RIEMES A A DR A E B PCR CTRMT L7,
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(1-a) Fliv~ v A L gEilin~ 7 2 DR E N O

Filin~ U ADOMERH L =27 75— B EA4T > 1o, CD45—,  CD31+D I & P B
V=747 L, PIRERB KOG E 21T 72, TORR, BEOMRIZ L - T, Mija%
L DIEIED—->T b 2 Ml & B &5 1 p16 OB EFNBO Hive [K 1],

(1-b) 1A N R ARAEE FIZ pl6 ZIBFIFR LT 5~ 7 A DOIERLE L OV OfENT
& N RIS B p16 238 BLT D~ 0 A B AERL UMRNT 21T - 72, & OFER, 1 N FZ e
(2T p 16 R°DTR-EGFP D% BLIIMEFR CE 726 00 B NEZHE DO FARLCE B Fm /i &)
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(1-c) Fln~v A (27 Q) BL UG~ Y A (30 » Hlm) OMMLENGMaE Y —T 4 7
L. RNA-seq fRMT 24T > 72, ZDFES. milit~ 7 A2 ORKILE NI 38T ple =2 p21 D X 9
TR E IR ORE EFITERD S o7z [K2), 1-b DFEREADETEZD L,
oD M E N EZHIAIE in vitro (2B W TITAMRRFOEME A b L A Lo TRl LR £E L 5 b
D@, in vivo [ZEBWTIIMARE BHHIBE 7 OREL LA 2HBE L 325 X 5 fifE{bixAE T T
WRWT EWRTRIB E T, RIS, B~ U A L AT E R~ 7 A ORI NG TR RIS B
LR LB AT LT k Z 4 . KEGG pathway |23V T TNF signaling pathway (p=0. 0013)

[ 3] ,Biological process {23V T Type 1 interferon signaling pathway (p=0.0089) 72°
AL THND Z ERH LN o7, BRI RIEED Y A 14 > (Cxcl10, Cclb, TNF)
‘?3 gl & DA B9 55 F (SELE, ICAM1, VCAM1) OFEEL LA b7, BLED
ZENG . WMo AE N R TIIINES W RIEVEDS TTEET D Z & AR ST,

(1-d) bEnd. 3 HERIZISIT B/ v 7 X0 R

S bIZE T~ T A @H“'Jﬂl”‘:?‘]ﬁrf‘ﬁﬂﬂﬁ CBWTHEM~T AD LD &N TREKT LizEs 1

Bt [ 4] 12 B L, BTSN R85 T OV < O0IT DWW T~ 7 A BRI AE PN R Al ks
ERRTH S bEnd. 3 Mz VT siRNAIC K D ) v 7 B U EREITo T2, TOREE, ﬁﬁ%x
@//7&?/ﬁ_\&dm&&@*ﬁ@#%bﬁ4/®%ﬁtﬁwww6nt[Iﬂ

D DORIEVEYT A NI A VX, Flin~ 7 ADOMENEHIRTHIE 7T 52 &#wb%ﬂf
Wb, SRIZZOBB T XDBRIEZIHIT 0T AD=ALEZHLNICT D E L BT, IERICFE
WEDXHITHIBUKRTT 200 EH~ 5, éa_\@m%x%mﬁw&%@%ﬁmtﬁﬂ%ﬁ#
LT A BHDOWVTEMRMIFIZ ) v 7 T N TE S~ AE/ER L MM 23T 2 RE D &
DUNITCHE SN D D E D, mﬁwﬁﬁ@@ﬁ#mﬁ%éwiﬁ@éﬂé#é#%%ﬁbfw<c

(M1] BmEAEMEE (BEC) O#ARIEE (4] B#s~ 7 ADOBECTRBEET L Bz FAE
gene name z?'::nge P-Value ::;ag Old FPKM
A330076CO8Rik -11.267 1.35E-04 1.524 0.132
Igsf1 -9.933 1.97E-03 2.949 0.371
Fam124b -8.427 1.44E-03 1.564 0.183
Ttpa -8.023 2.41E-04 1.804 0.212
Igsf21 -7.779 2.72E-04 1.285 0.172
G6pc -7.516 7.63E-04 1.341 0.193
p16 Dio2 -7.289 1.14E-04 3.623 0.516
Olfr287 -7.210 1.02E-03 1.913 0.297
R gg Cyp4f14 -6.802 8.95E-06 3.264 0.478
220 Pdzph1 -6.774 8.12E-05 0.982 0.148
> ]g Omg -6.761 2.20E-03 5.491 0.961
a5 Pantrl -6.712 7.26E-05 32.093 4.988
0 Itgh8 -6.708 7.21E-05 0.813 0.123
. DN G Ppp1r3g -6.702 1.07E-04 3.245  0.494
108 B & (TR P R Gm17750 -6.526 6.77E-04 8.371 1.244
Ccenijl -6.502 1.57E-03 1.492 0.259
Rfx4 -6.492 3.56E-04 1.916 0.307
A330048009Rik -6.416 7.04E-03 1.923 0.311
[E22] RNA-seq in BEC, #2104 #{=F # &£ U'Lamin Scg5 -6.408 1.04E-04 3899 0.597
gene name Fold Changs P-Value TR T Rgs20 -6.271 1.62E-06 4.310 0.682
ki 297 B 51&-05Hj Plp1 -6.177 1.12E-03 11.094 1.636
Ccdkntb 1165 30360 Fndc5 -6.032 1.04E-03 3.167 0.563
Cdknie 1545 26660 Gabra4 -6.013 2.59E-03 1.060 0.181
Cdkn2a -1.064 35660 Ntsr2 -5.944 1.97E-08 105.827 17.790
Cdkn2b -1.005 89360 Agp4 -5.911 5.42E-05 9.269 1.612
Cdkn2e 1348 6.236-03f
Cdkn2d 1055 575601
Cdkn3 1073 848601 - H
Lmna 1415 288602 [@5] BIEFXD S 2% ‘/'C'bEndSﬂEﬂ@ﬁéfE“Ti?&‘ﬁﬁT%
Lmabl -1.058 815601
. e ameod Relative mRNA Relative FPKM
L expression
(3] B~ 7 RDOBECTRE LR L TWHFE . .
(f5): TNF signaling pathway)
j 2211: TRAF1  TNF receptor-associated factor 1 1.417 4 s
—T—— 2223: TAB1 TGF-beta-activated kinase 1 and MAP3K7-bind 1.423 s
2260: PIK3R3 itol 3-kinase reg y subun 1.451 3
2276: CREB3L4  Cyclic AMP-responsive element-binding proteir 1.464 3
2319: TNFRSF1,  Tumor necrosis factor receptor superfamily me  1.493
o 2395: JUNB Transcription factor jun-B 1.567 2 9
2404: MAPK12  Mitogen-activated protein kinase 12 1.575
p— 2406: FADD FAS-associated death domain protein 1.576 1 1
2467: TNFAIP3  Tumor necrosis factor alpha-induced protein 3  1.625
—_—— 2485:CX3CL1  Fractalkine 1.660
2500: TNFRSF1  Tumor necrosis factor receptor superfamily me  1.685 o 0
U 2502RIPK3  Receptorinteracting serine/threonine-proteink 1.692 Cxcl10 Cxclll Cxcll Ccl8 I3 Cxcl10 Cxclil Cxcll  Cels I3
2540: MAP3KS  Mitogen-activated protein kinase kinase kinase 1.743 B .
N 2639: SOCS3 Suppressor of cytokine signaling 3 1934 Wluc sSRNA WX siRNA ®YoungBECs M Old BECs
—F—  2729:CsF1 Macrophage colony-stimulating factor 1 2178
—_— 2748:BCL3 B-cell lymphoma 3 protein 2282
T 2780: VCAM1 Vascular cell adhesion protein 1 2426
=——f==  2789:PTGS2  Prostaglandin G/H synthase 2 2483
s 2793; ICAM1 Intercellular adhesion molecule 1 2.504
EEEEEES 2885 TNF Tumor necrosis factor 3.620
——— 2907: CCLS C-C motif chemokine 5 4169
. 2922:CXCL10  C-X-C motif chemokine 10 4.840
4 2927: SELE E-selectin 5204
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