2 1. TV AT v AEREICB T DI E OET & MiF st (7n) b= R

D
LT, AR, NS, WK, L
(A RPFLE)

(BWY)  JFEREMET L RAT 1 U E (Primary aldosteronism, PA) 1XEIBRZE NS BEMIZT LV RAT
0 UNEASINDEERTH D, WEIZRT NV FAT v o NEIRE OB IR E, DI L 7 & OlfgskEss
TR IFTZEFMOENTNDD VI ZOFEMR AN =ALIARATH D, (Fr) =K
[(P)RRIVE, ik, Ok, Blidi/e &2 O BEEEIICRB L TR, fifiL=-7 0 U472 R (RAS)
WZBET 2% 95, (P)RR X, AIEMEMPRRIs(PRR] & kfafl > a ko ATPase (2119 %5 ATP6AP2 IZ
Bl S, i s(PRR IREEITAAARIC IS 1T 5 (P)RR B EA KBS 2 L BEX HILd, AHZETIT PA &
BB Dligasid OEITE & Mg s(P)RR IREE & OBIEIZ DWW TRET 21T > 7o,

(FiE) YSBRTPA L2 L., BEEANRL TWRWY, EEBEEKE LTI sy A EHHIO
HaNIRLTO D EHE 124 Bl TG s(PRR #RE, & L OMESEEORE L L TOREEE CRP
(hsCRP), Cardio-ankle vascular index(CAVI), eGFR, BNP Z & L, Wiz ORE#HZ et L7z,
Mm% s(P)RR % ELISA (%> KA v F) ¥ (soluble-Prorenine Recepter Assay Kit-IBL, % # 7 /34
ARt KEEd) 2V TRE L7,
CAVI /X VaSera VS-1500AN vascular screening system (f& H& 1-f5) & FHCIEAMZ THtgfid - e &
DOIE &R A RE L, Bl L,

(63 RIREBE O RE T34 54.9512.2 5%, BYET6 I TH 7=, s(PRR & lifigalE OFEIED
HERoH 6, FEif(r=0.23, p<0.05), hsCRP(=0.35, p<0.05). CAVI(r=0.31, p<0.05) & IEDOFHRE,
eGFR(r=-0.25, p<0.05) & AL O 238D, Mig 7T /v B AT v g (PAC) L ifigha™® O4etE & 1%
FABEDNGERD BRI o Tz,

(4] AEIOME T s(P)RR CTlfarkaE OFFE & AR H 727K & LTk, (PRR 234k RAS
& LTI & EE T O Angiotensin IT BELOTLHEZ I L CEIRMELZ X272 L, fEiH & LT, eGFR DK TR
hsCRP LR Z &=L &BFx b,

Gitam)  PA BEICBWT s(PDRR 1 PAC LV blasfEsE & o#E 502 L avRIB S 7=, PA B
FIZB T DlEEEEOHMF OO E SIZ (P)RR OB TTHENR 54 2 algetEovrie &=, (PDRR &
FRlEE L OB EEFEICRBIT ATV RAT a rOE R EOFEMICOWTIE, 5B ERIRBNSLETH
éo

(3K

1) Weber K.T., Brilla CG. 1991) Circulation. 83: 1849-1865
2) Nishiyama A., Yao L., Nagai Y., et al. 2004) Hypertension. 43: 841-48
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3) Matsui S., Kishimoto S., Kajikawa M., et al. 2018) Hyper-tens Res. 41: 932-938
4) Nguyen G., Muller D.N. 2010) J. Am. Soc. Nephrol. 21: 18-23
5) Recarti C., Seccia T. M., Caroccia B., et. al. 2015) J. Hypertens. 33

(FEFK w3
1) Serum-soluble (pro)renin receptor concentration as a biomarker for organ damage in primary
aldosteronism. Kaoru Yamashita, Satoshi Morimoto, Yasufumi Seki, Daisuke Watanabe &

Atsuhiro Ichihara Hypertension Research volume 42, 1951-1960(2019)

(FRFEE)

D IITNE, FRMET L RAT v AEBE BT DI E OMEITE & G rErE (Fa) L= SR
WREOHEORE. #11x (n) L=UZA/ERT7 +—7 50 Fa 2019/3

2) Morimoto S., Yamashita K., Kimura S., et al. Serum soluble (pro)renin receptor concentration is
correlated with organ dysfunctions in patients with primary aldosteronism. 27th Scientific
Meeting of the International Society of Hypertension, Beijing, China, 2018/9

3) N, AR, AHEF, . FOSMET L K27 1 U ERE ST 2 IREskEE OHETTE & i AT
e () L= U FIRRE OB OGS, 5 41 B AAGEMESSRS, B, 2018/9

4) [T, AE, AFERM, M. JFIET IV RAT 1 U JE B TRk s o7 & Mg rlat:

(7)) V=S RRRESAEZ AT, 8 22 Bl A ARLIME NG R AR e, Iia,

2018/4
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2 2. TEHERERTRUPPEET v FOMRE T, BILC L 2 EEEE CHBENAIEE(T 7))L =%
HIKR[s(P)RR] ¥ v RV B EA IS T

HMEEL, A EEE - SEEw, fREL
(NZTINFHF)

(HA) AR (e s(P)RR 23 M ik O BRI & ORI 722 = 3L % —REAE OHERFIC
BALD) BFRETHZ EEARE LT,

(U53E) 12~18 i SD 7 v F &KL, 77 7 H % 0.5dpe &3 %, 44 14 A B(14.5dpc)
IZFM ATV, AFiT(Sham)#E & RUPP B CHUERF 21T o 7o, BRIHMIA Y 7 VT AR L 4% TE
AL HEFRFIT 2%~2.6% TAT o 72, FITOFEIL TIEH 2 EH IR LIS KREIIRZ 8 H S, 0.2mm /I
S NI =2 U T TR EBIIRE O KEIARA Be5A AT, T, A O EihFkkE
FTH &, 0.1mm JEICHE SN2 =2 U o P TEAD T EEFIRE BAATe, 7 3 » FTO b
(I O MG A b &, BRI kR 2 /E 0 H L7z, 4EHR 21 A B(21.5dpoic 27 U 7 7 A
AL, MR « IRITECFREZITV, IRERIESE 7 ER BT IZBRICHE L 7=,

(R 2 o7 EREIBGNT ORI G Sham #F & RUPP BEDIGHEN & >/ 7 BB E O ik T
FEFHER 7 Cdh D HIF1la & s(PRR T v /37 B3 ELE) RUPP #E CHEICHMN L Tz,

(B MBERARO—R L e 2 KEmFERITHENO HIF1 BB AN 25, HIF1 BN
PRl KRR A ORBLE LR S8, IENALBRELZ B S8, BENpH MET T2, £72. A E
VIEEMOKFERER X —E 1 (PDRDOFEB A FHET 52 LT, B Bk ERSE (PDH)E M A J]
SHL, ENE UG T BTV CoA DEMMNIHE NS, HETH D7 EF /L CoA DGR HHT
7T UOBEEEMER L, X har R THEEAIRI SN L TllanDd, BENPHIKT - I hav K
U 7 HSREIR T ISR E R 2 - MBS RE AR 22 5 & 2 LR R ER AL KT,

(fam) RIS X DIEEERIC L v #n L7z HIFla 23BN FLERE O - 712 F /L CoA ®IXT -
PDH /EMEAR T2 E DR T T « 7708 % RF$—H T M L7 s(PIRR WA W T 1 7 78 % %15 T
WD BRAERRERS =R N X —EEORENICHF G T D EE XD,

(k)
1) Narita T., Ichihara A., Matsuoka K., et al. (2016) Placenta. 37: 72-78
2) Watanabe N., Morimoto S., Fujiwara T., et al. (2013) PLoS One. 8(3): e60036
3) Nakagawa T., Suzuki-Nakagawa C., Watanabe A., et al. (2017) J. Biochem. 161(4): 369-379
4) Suda C., Yatabe dJ., Ichihara A., et al. (2020) J. Mol. Endocrinol. 64(3): 145-154
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2 3. BAPEELR D EMERERIABELIE (236 1T D R BRI R OEIE « Hifisk TOMITE LU L = —

FIEEMAR L =R L BAZET 2, &TEA L REE S HANE L ARFIESR 4
R — BB 5, KRR 6, g 7, IRECHE 1

(VR NER 2 LB RV NERE, 8 OOV NER, 4 TR Z O G RbeBiaet, 55 R IRS/)
WRERRE 7 =Bk, SRR NER, 7 LD B AR FEET)

(BRY)  BRS f%%@kﬁ(ﬁmh%mmmmmeM%wmmsFﬂ%)i%%@@z7ﬂ—
PIEBHETH Y . @RICKHIBEARIZHET L, BBEEZIITEREZ 2L O 5 D, FSGS DA
WMk, B\IEPE, BXOTWIMEICHh NG 23, ZD b, — kM FSGS DA TRIEH OB 27 )NE
<. FSGS OERZ KL, BRBAHIZI T 2 a2 TEERERZ £,

H IS (electron microscopy: EM) #1412 fé%ﬁiﬁ%(ﬁ%pmw%dﬁwmwtﬂﬁ)@
FIAOT L 2SR (foot process width: FPW) o EhigC L R E R FSGS O¥IBIIE AT HE
boHLsnTnD Y, —Ji, Bl FSGS 12K 5 FPE @”ﬁl/\@ﬁn":ﬁlﬁfiuﬂﬂﬁ by, &
WEZETIL, BistE FSGS % O H OB ARk IC R 1T 5 FPE OFIG 2t L, —&kME FSGS £#& L D
HIBIAS FTRED MR FT L 72,

(HE) UBECRBMAEZZ T/ FSGS BED O b, 2y YV — MENT 247V, FSGS (2B a“é
64 DBIEFOWTNNTHRNERZAH L T ilstE FSGS @ 8 A GEEMER) &, BAE®% RIS

— Mt FSGS & FEEMICHEEZI S, 7> FSGS IS 2 \in F AR E A S/ hro72 9 A (—k
PERE) Z AR ORISR L Lz, S50, KR, 77 7 —BBYE, IEMEEZ KK &35 “kiE FSGS
DHEE 3 NE “RMEREE U TARIFRORRICIN A T, SEECOWT, R Z iR L, B OB ERD
EM Eifg(2331F 5 FPE OE|A &%) FPW 2@ Lk L7z, & 5I2 FPE OF|A A Fi# S iz fark
FSGS [ZoW T OBERZ A Lo, ABFUEHR LT ER R P M ZE B2 OAGR A & ChalT S a7z Ok
W5 4866-R3).,

*

100 00000000

90

ER)  BRRT — X 2B 2 B & —IRIERED
BT, BAERRFOREQ &, BIEFHSCABT R 2%
TOWRIZE L TAEEITRO R, 27 n—E
FEGERED LM 7 LI BIA 1T — R ERCHBEICZ )
o=, —J7, BEMEETH 8 A 5 AR T n—BJERE
REDFEUEA 72 L QW /=, FPE OFIA L, EBistERER &
O RMERETIE 0~38% Tdh o 7248, —RMERETIE 88~
100% & H B A% 5807 (p=0.0003) (X 1), “F¥ FPW . oooe -
I, EPERER L O RMERE T3~ T 2000nm LA T Kt s R/
Tholen, —RMEREETXT 3000nm YL ETHY HE
72w RO 1= (p=0.0006) (K 2), BAEMEFOEARE L
FPE O%I&, ¥ FPW Wb A ERMBEEZRD
o7z, FPE OFIG D FLE S o stk FSGS OBE#HIX

o
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40 ° °
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o

Rl E2 2 TRA LREETEDRL TV

BREEOEIE (%)

B 1. mELE-RREICETELON-RHEOIE
* —RELBEETHEEEZSHY(p=0.0003)
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38 ildy 0\ AERIE LRI (R KA F) O +
Uy MBIHLY F O MR T ARG TIEOE A 1000
@ FPE %R L E#EEE S 7 O s T4 R 6000

Bl FPE OB~ T )  ZOMOE K 5 5000
A BB 1RO RS B R ) T DB s T4 B % —
® FPE (35 it T - 72, ®
E'QJ 3000
._[;f_\?
(Z5)  AFZEILEEN FSGS Icsd 5 FPE - 200
DFEE % RAWNIRENT L 720D TOMIETH 1000
B, —WME FSGS OEROA M L1 | ik 0
Vb FSGS OB REECIE 22, — 5 — WA AR SR

BARME L — kM FSGS 13, BRRBBO 2 TIRHBINNE g2 £8c8502FH R ERIED LS
Th D, MEEOENNITHIFHRPAHTHY | HBE * — R LB EMTHEZHY(p=0.0006)
AR 35T FPE WA HitE Ch - 7258 12iE, Bstk:

FSGS i< R SN D & B X b,

(s ot HOBOBAEMIZE S 5 FPE OFIG, stk FSGS E# & —kME FSGS B O#hl A
MTHDZ ErpmmeEini,

(k)
1) Cosio F.G., Cattran D.C. (2017) Kidney. Int. 91(2): 304-314
2) De Vriese A.S., Sethi S, Nath K.A., et al. (2018) J. Am. Soc. Nephrol 29(3): 759-774
3) Sethi S, Glassock R.J, Fervenza F.C. (2015) Nephrol. Dial. Transplant. 30(3): 375-384
4) Sethi S, Zand L, Nasr S.H., et al. (2014) Clin. Kidney. J. 7(6): 531-537

(&£ 3]
1) Ishizuka K, Miura K, Hashimoto T, et al. (2021) Degree of foot process effacement in patients with

genetic focal segmental glomerulosclerosis: a single-center analysis and review of literature. Sci
Rep. 11(1): 12008

-41 -



2 4. Electron microscopic analysis of Intracellular trafficking pathway of albumin in glomerular

epithelial cells

Takahito Moriyama, Fumio Hasegawa, Yoei Miyabe, Kenichi Akiyama, Kazunori Karasawa,
Keiko Uchida and Kosaku Nitta
(Department of Nephrology)

(Purpose] Recently, intracellular trafficking pathway of albumin through caveolae in glomerular
epithelial cells (podocytes) has been suspected to new etiological hypothesis of albuminuria in
addition to pathway through gap between foot processes. We previously reported the possibility of
that caveolae-mediated intracellular trafficking pathway by in vitro and in vivo analysis. V¥

However, there was no report to show that pathway by the electron microscopic analysis.

(Methods] For the nephrotic syndrome modeled mouse, the puromycin aminonucleoside (PAN;
450 mg/kg; Sigma-Aldrich) was injected intraperitoneally, and the mice were sacrificed on day 9. For
electron microscopy with immunogold labelling of albumin, small pieces of renal cortex were fixed
with 0.05% glutaraldehyde in 4% paraformaldehyde. The samples were subsequently fixed with 1%
osmium tetroxide, and then dehydrated in graded ethanol solutions. They were replaced with n-
butyl glycidyl ether, diluted by alcohol, and embedded by inverting Poly/Bed 812-filled Better
Equipment for Electron Microscopy capsules at room temperature. The blocks were cured, and the
ultrathin sections were cut with a
diamond knife on an
ultramicrotome. The samples
were incubated in PBS with 1%
BSA for Dblocking, incubated
overnight with anti-mouse
albumin antibody, and then
incubated with a secondary
antibody for immune-gold. The

samples were stained with uranyl

acetate and were observed under

a JEM-1400 Plus transmission Figure 1. Electron microscopy shows the immunogold-labelled albumin
electron microscope at 80 kV. particles observed in caveolae of the podocytes in nephrotic syndrome
modelled mice (a-f). Arrows: immunogold-labelled albumin. Pod: podocytes,

(Results)  Figure la and 1b  ggnc: glomerular endothelial cells, GBM: glomerular basement membrane,

showed the immunogold-labelled ¢f. capillary lumen, BC: Bowman’s capsule. The scale bars indicate 200nm

albumin particles were captured in  ithout C right panel (100nm).
caveolae in the podocytes. Figure

1c and d showed the albumin-containing caveolae vesicles were pinched off from the cell membrane
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and underwent endocytosis and transcytosis. The exocytosis of albumin particles from caveolae

vesicles to Bowman’s capsule lumen were observed in Figure le and f.

(Discussion] In the present study, we showed the caveolae-mediated intracellular trafficking of
immunogold albumin through mouse podocytes in vivo. In our previous in vitro study, albumin
endocytosis and transcytosis were also observed in the cultured human podocytes.? Another our
previous report showed that sertraline interfered with albumin internalisation through caveolae and
decreased albuminuria in PAN mice by inhibiting the activity of dynamin I guanosine
triphosphatases, which play an important role in pinching off the caveolae from the cell membrane.
49 Tt was traditionally recognized that albumin could pass through absent or defective slit
diaphragms between podocytes, and the intracellular trafficking pathway of albumin was
controversial. However, the pathogenesis of urinary albumin excretion has not been fully understood,
and these previous studies and our present results indicated albumin endocytosis, transcytosis, and

exocytosis through the podocytes via the caveolae-mediated pathway.

(Conclusions]) In conclusion, we showed albumin endocytosis, transcytosis, and exocytosis through
podocytes via a caveolae-mediated pathway by the electron microscopic analysis. It may be one of

the aetiologies of urinary albumin excretion and may be a new therapeutic target.

(Reference)

1) Moriyama T., Tsuruta Y., Shimizu A., et al. (2011) The significance of caveolae in the glomeruli in
glomerular disease. J.Clin.Pathol.64(6): 504-509

2) Moriyama T., Karasawa K., Nitta K. (2018) The role of caveolae on albumin passage through
glomerular endothelial and epithelial cells: The new etiology of urinary albumin excretion.
Contrib. Nephrol. 195: 1-11

3) Moriyama T., Karasawa K., Uchida K., et al. (2020) Intracellular trafficking pathway of albumin
in glomerular epithelial cells. A 39

4) Moriyama T., Karasawa K., Hasegawa F., et al. (2019) Sertraline Reduces Albuminuria by
Interfering with Caveolae-Mediated Endocytosis through Glomerular Endothelial and Epithelial
Cells. Am. J. Nephrol. 50(6): 444-453

(Article)
1) Moriyama T, Hasegawa F, Miyabe Y, et al. (2021) Intracellular trafficking pathway of albumin in
glomerular epithelial cells. Biochem. Biophys Res Commun. 574 : 97-103

(Conference Presentation)

1) Moriyama T., Nitta K., Intracellular trafficking pathway of albumin in glomerular epithelial cells
Kidney Week 2019, Washington D.C., USA, 2019/11
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25. ML, BEOBEEDEMICED CKD OFIE, BIE(LOET O & IGHIT A

TR, —FEHT
(B Mg PN L)

(B Fer, 1BMERNER(CKD) OZIE - #EE - SEE i, fEix O O MR 72 B EE (AKT: acute
kidney injury Z & T)NEMTH I EICLVAELI DT EBERAINTVWD, UL, FFrEDRKEE
IZE 679, CKD 2A%5E S L < I3 2 wlaetE 2 e L, FRlC mim b TR A4 - S o 8%
DT D/ & 0D, RWFIETIX, WFHEH O BIERDORFT LTV D U AR 7, fERECREER O
& 5 Klotho EADFHEZIGH L, Wbip?d AKIL 7°6 CKD O A ABO RS OF 2B L, W/
DIREN ARENDETT 52 L1i8h D,

U7iE) BT v~ A TORME: Klotho 8123 408 L 7= (haproinsufficiency)(k//H~ 7 AT, i#
HOBMAERETT NV E SNDBER clump FH T, 20 43 M M O RFHIALE 208 1 =], 3 @ Ak
T 5 LT, BHRE. MR E AR 5. BHIREEE 2 27 (ATN score), 36 K OWRHELIEIE D alpha-
SMA Yutt, il LB R TR D5 %2 PCR B TR 5,

(FER)  BEMRRREE A 27 (ATN score) 13 (kl/H~ U A THREIZEM TH U | #HELHEED alpha-SMA
REONERNTH D, KO~ —h—BETFREbEE L R o7,

(B5) WEOBEEOHYIK LN CKD O34 « RIS T2 M L, Z OB\ -2 B
AL, S DICIREAIRIS 21832 2 & ¢, JREB TR <, FEREMN 72 CKD OBEITICE 5 ATHE
PEDSRIR SN T2, WFZEH DITBIRME 123 B4 2 Klotho &A1 D U L Hil4#, anti-aging {EFIZHEH L.
CKD @ stage FHIOHRBDIR T ABIE L, MMEE S ITERBERAEA L, S5 VREBEELS &
WE ST CKD OIFREETERRT D EHE L= Y, ZoZ Lix, Klotho BELOKTFIX, Kv#vikEnbd
BEEIC LD CKD Op%r, EEICEE T 5 et Z2 R LT\ 5, Klotho AL, FGF23 &3t L
72U U A EEAER & LR b, 5 Klotho DIFERHLT AR b —3 %, TGF beta OHHITEM 72 &
OEFEEEZET L2 0, FEE X, REH CKD 1281 5 U IR E X ligand Th 5 FGF23
& DOIERT, Mk OBHMELIZ H B 5 FIBEME A2 T L T 5,

(#i#m)  Klotho HH DI EELT CKD OHEIT L & HITET L. 2 off 0k L, B OBREEOERIZ X
S Th, TORBIIMET L. CKD OESE(CHEERIMELE S D WREMEDN & 5,

(3R]
1) Sugiura H., Yoshida T., Shiohira S., et al. (2012) Am. J. Physiol. Renal. Physiol. 302: F1252-1264



2 6. PRMBNOKAPZEE T VERIERN = > 7 ¢ > a = 7280 5 —BRILER G SR OB 5

TRIEHA T, ARERER, 2EFEIE, Jb)I—%K
(B fRE N FHF)

(BEY) xR RMENRACAPAZEIC R L CElRE = 7 ¢ 2 a =2 (RIC: remote ischemic
conditioning) % 1 H 1[HT5 Z & T 72 Refilk £ CIMREMNRDPBIR SN D Z & ZEEARETHE L
TV 57 RIC OMGRGEFEHOFEIIARHI TH 5, ABFZETIE, RIC ORKMLE N EHERE~D 5% 487E
L—MfbZEFR O RkEEE (NOS) PHEHE 5L %5 RIC OBZERRENE/ NIRE~DOEELZHOMMNITH
EERBAEE LT,

(HE] E C5TBLI6 i~ 7 2 & JAWT A Y 7L L R AR T AT RIMEINR (MCA) ZfEH &
HIREE X0 TN & K A BAZE L7-, MCA BHZE 5 70 4y o B E i it & & = % — L 72, RIC #£1X MCA
PAZE 30 731470 & Wil TR T4 7 2\ C 200mmHg DA% 200 5 43 BRI 5 43 Rf# ik & 4 [A]
JAR U7, b BB VI B e i B 77 7 U C [R) U IR BRI & 23 (AL 18 24T - 7o & L7z (Sham #f), MCA
FAZEE % 24, NOS [EZK D L-NIO % 721X L-NAME % IEFEN£& 5 L 90 7 12/hEW AH 1T-MRI (2
KV IEBOERTR R 2 R LTz, 24 REfHI#2IC TTC Yefa L v BEZEMRTE 2 T L7,

(&) AERE G To MRI FHIE MHZ DO P A X (mm?3) 1L Sham #, RIC ## T 47.0+5.2, 35.1+4.9
& RIC BHECHEICHI/IN LTz, 24 R OMZERTE (mm3) 13X 46.6+5.2, 33.7+4.0 & RIC #ETH
TN Fr & DIIEIR & RIC B TR D237 H 47z, L-NIO 55 T FHE M2 ¥
X (mm3) (% Sham B, RIC BET 48.2+4.3, 44.3+7.0. 24 FEf#E OFZEATE (mm3) | 48.6+6.6,
45.9+6.9 & RIC BETHE/MIH SN 72Dy 72, LNAME #5-8 TO RHEIMFBEZE Y 4 X (mm3) 13 Sham
#. RIC T 43.9+3.5, 44.0+1.3, 24 FFfj#Z O (mm?) (X 42.6+£5.9, 42.7+2.8 & RIC #f THfd
INIH DR Do T,

(%52) mEELaT v a=r 7 OREER & LT, IRIERY. s, soEsig. KEER
DRGNP EESNTWVAR ZELWT LEidboo T, Hx i SN Z OB 5 2EELTEY .,
ABIMENER NOS (eNOS) DOEEIZOWTOEREY TEL TWD,

(fam)  NOS MHEEAZHKLHT L Z LI2L Y <7 AP RIMENOKAPAZEIC K4 D@m= 7 ¢ o
g = 728D R ML, IR O IR R Lic, EREN =7 ¢ > a =2 7 O#E
MIC NOS MEhET 5 Z &Rk Sz,

(FRFREE]

1) FEEEHE T AERERER, BB, . PRMBIIRKAZEE 7 ViEREL = T e = I
o —IRACER AR OG- 5 63 Al H ARMEER A2 AR S ik, 2020/11
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2 7. Peripheral neuropathy and livedoid vasculopathy

Miki Suzuki, Megumi Horiba, Masaki Kobayashi and Kazuo Kitagawa
(Department of Neurology)

(Purpose] Livedoid vasculopathy is a rare thrombotic disease of the skin microcirculation resulting
in painful ulcers, mainly affecting the lower legs. Recently, cases of peripheral neuropathy, most

often mononeuritis multiplex, have been reported in association with livedoid vasculopathy V.

(Methods] We describe four cases of peripheral neuropathy associated with livedoid vasculopathy,

and review the literature.

(Results] All patients were female, ranging in age from 51 to 80 years old. Time between first
cutaneous manifestations and diagnosis of neuropathy ranged from 2 to 9 years. No body weight loss
was observed in any patients. Nerve biopsies in three cases revealed multiple axonal loss suggestive
of ischemic processes without significant inflammation or necrotizing vasculitis. One patient
presented with necrotizing vasculitis in nerve and muscle specimens and had been treated with

corticosteroid.

(Discussion] Although livedoid vasculopathy was formerly considered a vasculitic disorder, recent
advances have suggested primary hypercoagulative state rather than inflammation as a more likely
primary cause of ischemic damage and cutaneous manifestations 2. A French study reported that 10
of 20 livedoid vasculopathy patients for whom results of neurophysiological investigations were
available showed peripheral neuropathy, with 2 patients demonstrating specific thrombo-occlusive
vasculopathy. Three of our cases showed vasculopathy, but one developed vasculitic features in
nerves and muscles 3. Our presentation will discuss the significance of livedoid vasculopathy with
neuropathy along the spectrum of vasculitides based on the Chapel Hill Consensus Conference

nomenclature.

( Conclusions] Nerve biopsy is beneficial for confirming diagnoses and selecting adequate

treatments in livedoid vasculopathy associated with peripheral neuropathy.

(Reference]
1) Toth C., Trotter M., Clark A., et al. (2003) Mononeuropathy Multiplex in Association with Livedoid
Vasculitis. Muscle Nerve 27 : 634-639
2) Khenifer S., Thomas L., Balme B., et al. (2009) Livedoid vasculopathy : thrombotic or
inflammatory disease ? Clinical and Experimental Dermatology 35 : 693-698
3) Gardette E., Moguelet P., Bouaziz JD., et al. (2018) Livedoid Vasculopathy: A Frence Observational
Study Including Therapeutic Options. Acta Derm Venereol 98: 842-847
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(Conference Presentation)
1) Suzuki M., Horiba M., Kobayashi M., et al. Peripheral neuropathy and livedoid vasculopathy. 6th
Congress of the European Academy of Neurology, virtual congress, 2020/5
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2 8. JRATMES OF O LFIEE PERAR IR BER (Z DV T ¢ SEFIHRE & INEL A FERE O B A Mt

ML SERER 1 JEARET L ANEE TR FRALIT L ERRSER 1 LA T 20 SRHSET 2
=5k
(VR AR N R, 2 JRERE (RRRARRERL 257 ) )

(AA) AR R A CREIERIEME T IR TH Y . £ O —ERIFIEGGIE e TR R
THRIET DI EBRFBN TN DA, INEATEE & AR BRFE O BE I & 22 Tlavy, AWFFEIL5R
Harhia & 0F LI iR ORI 2 AR L 35,

(5iE) PRIEGEARRRAE MR OO JEHE 23l 7= S IR B ap IR & BRI B B E — 2\ T, IR AP
JEE DR 22 o B AT 24T > 7o, E TN AR A OF O PG R AR B A B8 12 DU T SCRRAY
L E2—Z21T, BRAFFEIC OV TRET L7z,

CRESR) BT 27 siklth, BROERMEBEICEN, BmmRE, MR - BRSO
O« MEH-Z 5 U7z, MRI TR, fE0550, 280> Dl (CT-The L~ LEiPIZ (G B 278
Wi, BERETITAY 7 0 —F AN RBBIETH o 7o, MiEH AQP4 HUAN GE T o 0 SRR
Bk LW LTz, AT 1A ROV REAT o 7ot MRIERSS MRI T s L7z, BEE CT L. Db
TENEDSGR D & AVIR BRI T 21T o 7o, TRERFRIIRAT ORGSR . iR IIEIC S BT 2T L Th
ST, AT RR T EEATEY, GFAP B X OAQP4 DT A hath A BB LN, T
A~ aYA SO SIEMIRE D ZR O HavTo, AR L, SRR L AR DTG & R
2925 C9neo Sl iHMEMEGR 2 2 Uc, ABITIE, EUIBREICHERITIZ DI TR,

SCHRIRSR 24T o 7o & Z AYNBRAT IR S OF AR B2 ORE#E 1L 5 51 » | = ORHEITHT AQP4 HUIRL
P (5/5, 100%), L - EH: (4/5, 80%), AV I m—F N0 RiGtE (4/5, 100%), JHEeE 242
(4/5, 80%) Th>7-, TN HIXHBRGIE AE L T, IPRARIEOFR IR ZBREHI W TIE 4 4
TIToL, 21T AQP4 G DOMFEEMNZ N TRV | £ OB RIAEMIZ M 238D 72,

(BE])  AROICIIINEAFEIES NN A, IRRGTEIEOHERT R (EHENICH T 5 AQP4 BEMET 2 R
g A FOIFIE, U 2 BRI, BEYIRE OFT AQP4 FURG O « FEIENRN T & 7p EMEEE
PEREF 22 R U Te, E NI IE S OF O G BE R T, IR AT RIEIE S F oS & e
DEEL - EHA BT AMEENRL L . AV Ty a—F Ny R, SRR ZS 7 & OESIRAE &
V. ZTHHITHREBICE T DIRMERE OB 2RI L T s &b s,

(Kam)  ONERAETTIE S OF O R RER TIX, ATRIEPN O sPAX AR LA 23 (AR 8 Bl R FEE D FE A

L7 VGL Z EDRIR STz, JIRETEIE S DFO SR B & & Lo M E SRR R DI e & iR
T D720, ABROSOROLMENEEND,
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1. BB MRI 2B TR EAIRE (XEE)

g by s Ny H 2. BEAHEORER. AQP4 QT RO (RAS
3 BHonBd (KEE)

 —
100 pm

(LK)
1) Dalmau J, Rosenfeld MR. (2008) Paraneoplastic syndromes of the CNS. Lancet Neurol. 7: 327-

2)

3)

340

Sepulveda M, Sola-Valls N, Escudero D, et al. (2018) Clinical profile of patients with
paraneoplastic neuromyelitis optica spectrum disorder and aquaporin-4 antibodies. Mult Scler.
24:1753-1759

Ikeguchi R, Shimizu Y, Shimomura A, et al. (2021) Paraneoplastic AQP4-IgG-seropositive
neuromyelitis optica spectrum disorder associated with teratoma: A case report and literature

review. Neurol Neuroimmunol Neuroinflamm. 8(5): e1045
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2 9. /NVEIRSE EE AR R I T D B MRS LIR 1 OB RE O M

LR, FEET. GEAET. KAEEE. AME
UNRRRE)

(/) HIEAE N EMyasthenia Gravis: MG, #EpEASHOT F L al) 2 RIK (AChR)
PURDRBLUZ LY | MRSES S SN D B CRERETH 5, WA, ORE T IECIRERES)H R
LEOIRERICIRE S D TR, OQRAN BT T 2IERITARIERIZIRE S D b 0D KA RITHER
IRV EEFTABROND NEEMES R, @2H B O MR, W TR, FER R T %
29 2R ([T IN5D, AT 80% D BEIZIHBWCILIEHURMMASEM: & 72 0 | JURMAFHES
TR DR L 725 — 07T, /NRTIE TIRFRL 235 2 < BURBGIERI DS 50%FREIZH E 0 | bilk%
WHRDIRIEL LIZK W ORRETH 2,

BAFFB#iaiEMALIRF : B cell activating factor belonging to the tumor necrosis factor family) /3.
HEk-~7 n 77— B, S TR IC R T 2TINFRA—"—7 7 I U =8 T 507 TH Y,
BHEFA DS bR, THEPEMER IR I E B Bl 2 ]io LT\ 5, BAFFOWRBEIREAEIL, Rl CTOBM
R B OB mA OMGE & . BifaORFETEME L, B CPUAREA LI L TH OB MRBORRNIIZE S L
TEHY, BEIZHK A TIXAChRIUA & MIEBAFFIREE & OB R STV 52, FUIRREMERF 23 550% (5 o
Z/NRHIRIEMGEE 2R\, MIEBAFFRE (LU FBAFFRE) OEENHL0E I 0, £LT, £
NEIRBOENIEEIZT D ENRTE D0 ERFT A2 E L,

(FiE) SPEEEIC X YR CRAEAN T & LTAT A RNV RABIEEZ T BE 3AIZB W T,
SV AL TRRRBH G T2 OO ) MR CORME LA 72 FR MG I Tyl BAFF JREEZJIE L= (BAFF,
Soluble (human) ELISA Kit (hypersensitive), AdipoGen), AMFHIIWTiX, HT AchR HiikizZn
FTIARZRORE THE L CEEE R TE 5 L9, AFZITITY SRL TOMERRELSR
L7,

B 1 13 5%, FLRHIAE, I EME RS, MRREER, A FEGEMHIER G b RZ L AT rA MK
T OFGE T DO,
BFE 210 % SIRBPRE, RHR, 27 m ) A AT aA RICTREP O,
B 3 140, EEREPEE, SR, PR,

F 7o, RERZHEN TR A WIHE IR AChR FUikfli 2 57Hli 35 2 L IXTE Rnizd  1eRT OHEE 4
B35 BT, BuiRBEMHAEF 0K MG 2 HW\W T AchR HiifEDO W E %17 > 7= (Human AChR-Ab
(Accetylcholine Receptor Antibody) ELISA Kit: MyBioSource)

(K53 AlElo 340 SRL TOHL AChR fiifkid, BE 1. BHE 2 THLHEMTIEH 2 039 ICIRE T
by, BEIITENREMERL Tz, —J T, MIE L7ziiiE BAFF BT, BFE 1 23EF 2, 31
HUABICEEZ 2 Lz, £EFOME BAFF BEIZAT 0 A RV ZFHEYINC I U, 155 5% IR E
ZoR LTz, [F—H3%ToO SRL #ii AChR #iiifli & BAFF 2 OFEAf <, Priffl b 5-HZ BAFF j2AE
HEH L,

MIEOAREEEZEET 5 &, MIF 0.3 mL ZHKimiGaE s L, AChR FLAE L OULiE BAFF & O
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HORENATRETH » T,

(B KBFIZBONT, /NRICBWTHIRERE & BAFF REOHBSHEET 5 2 L AR S i,
BAFF RE IR EZ KM LGS LB X7, — T, BEMOLETE, WHEEES AChR Hikff &
BAFF R I L7225 72,

MG TlL, BIBREAT A NUEROBFECHEN TH Y BEH SN L2, BEHCEES B4 5 D7 gIfE
RANZ | WS TITREMBIANC ER LR Z kG L T <, Ko T ARIOBHE 1, 2D XK 51T,
IR B ORI O G T T 5 Z L BRZ W oo | RO RFEOEE OB OFHEFESIZ L v BAFF
OEYEER/NRBEITB T DM ZHET L TS ZEREFE LU,

BRI, 25T 7~ b—7 2 T3t BAFF HUAERIE L L CRRB S, AN TIERAD MG 12
BT HPL BAFF FLEOIRBRB Thivz 949, /RO MG BEFIZEW T, IfifE BAFF &R L O
BN D Z LA RT LIS L D | IBROBREOIERA IR SN D,

L, WFEE LTI ORIEOIUENLE E LW, sHlICE T 5 RiMiE R, 0.3mL FEETH D
TS L EMRML TORME CHLIMEEZIT ) ZENAETHL EEX LN, £/, AT 0 A R0
ZPHECTORMPEANITIN T 1EMIC 2 B2, HK T 3 AR OTREHIM S RiAEh 523, BRI
B FREMGECE LR THD EE X,

(i5em)  BAFF S ofescHE & . WA EAEEE 3 L OV AChR Huifdli & OAHRIIZER D Lo =08, 4
BEFITBWT, BRER & AChR Hifffiids L O BAFF 0 Z8) T —E L T v . /NEHIEE MG &
FIZTBWTH BAFF RBEILIGFEKCCHE THO~—h— & LCTHRICHPNHFE T 2R TH D &
EZ T,

(k)
1) &S, EEEf— BAFF & A et A, Jpn J.Clin. Immunol. 2005 28(5):333-342
2) Kang SY, Kang CH, Lee KH. B-cell-activating factor is elevated in serum of patients with
myasthenia gravis. Muscle Nerve. 2016 Dec;54(6):1030-1033
3) Hewett K, Sanders DB, Grove RA, et al. Randomized study of adjunctive belimumab in
participants with generalized myasthenia gravis. Neurology. 2018 90:e1425—e34
4) Deepak Menon, Carolina Barnett, Vera Bril. Novel Treatments in Myasthenia Gravis. Front

Neurol 2020 Jun 30;11:538
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30. IgEHFUAREINAT L —RORMMHERERD AR T VT I AT D 0IEIEE D53 FEY)
FHIRAT

AL, TH=E &ERET, KHE
CIEEE)

(BRY)  IgE IKFRIEMT LAX— (LIT: BT LLX—) ZBIFS, BT LAF—REIT :
Persistent group) & & fi#2 (LLF : Tolerant group) 3 X OWEExIEE (BLF : Control group) O8R4
AN 2 RIS M AL ER O S0 IS 2 LG TV, S0 P TR D A 7 = X LR D F753 7
D ERDMAERD,

(k) BIRT LL X —BIEORMM O BEEEERZ B L, BRIFER (OVA) & 48 FFFIERGE L7
#%. RNA O, cDNA #/Epk L7, 1Bk L7 cDNA % U 7 /L% A 4-PCR #:% A\ C Thl, Th2,
Treg, Th17 BIGE IR A IOV CEEWNERE K - Th1 (T-bet, STAT1, STAT4) ,Th2 (GATA-3, STAT6) , Treg

(Foxp-3. STAT5) ,Th17 (Roryt, STAT3) ORI & A G L7, AWFIRIIARTZOMEEE B S DK
AT CERM L7 KREE 5 5025),

UESL)  Persistent group24 5], Tolerant groupl2 f5i], Control group22 #lDOfiFENT 23 Z 72 -7z,
Persistent group OARIHMHEEZEKIL OVA & OILEFE L7 & 2 A, STAT1, STAT4,Foxp3,STAT3 @
mRNA L~V DRBLEN, Control group 12k L THEIZIL T L Cu 7z(each p<0.05; X 1.A,C&D),
—7J7. STAT6,GATA3 ® mRNA ORBEIZB W CIM RN CTHEZIZE O 202> 7-(X 1.B), Tolerant
group @ PBMCs (£, OVA ~ )i L T, STAT4,T-bet,STAT6,GATA3.STAT5,Foxp3,STAT3 ROR»t ™
K70 mRNA OFBLEHN, Control group (2t L THEIZHEM L TW/=( each p<0.05; X 1.A-D), i
Z C. Tolerant group ® PBMCs i%, OVA IZKT % &, T-bet, GATAS3, Foxp3, STAT3 ® mRNA O
FHBLAS, Control group @6 O & b L CTHEIZHTR L Tz,

(B5%2) A9 Cld. Persistent group Tix. Control group £ V. OVA |Zxf LT Th2 Hilfa % Br <
Th1, Treg, Th17 f#ifu & v\ o 7z effector T cells DIEVEITINZ G TE Y . ZIULEDEITICHRE & —5
LT D, IR LLF =2 LTV & XIS, IERROGEIREIE S 2 Lnliffshic
2, FA7eBHOARIOBFSE TIL, T-bet, STATS, Foxp3,IL-21 O X TIZF T Tolerated group D% i1 5
I% Control group D6 ZHEIZ EEl> TWe, BREZHE LT LOHME G REGRT 5 & Ebh s,
Iz OT N E NN HEEREE CTh o7, AW TEIZ S 7z Tolerant group TH L iv7e
Th1,Th2,Treg, Th17,Tth,Tfr B0 IS E OGRS, MIEIF A RFERA IgE UKD REE 2 I3 2 22220
TIFFHATH %,

OVA OHUFHIE T PBMCs O STAT 27 F /UG R -3 HREIC —E DRI &2 7R S 727~ T2 DId, i
JEHIEIZ £ Y monoclonal ZRHIEFE N Z B o2 R EBbis, ZOHBAO—DX,
JERINGIZ IR L= ffu2y, CD4vhepler T cells 7207 CldRro7-Z ER RIS NG, v, HURA
VXY PWRMEIMIZIR A LTz & &2 CD4thepler T cells 721 THRWEELOMAENNT o 2 X< Kt LT
FIEMHINC 72 D K 5 2RO G BN AEZYELI LD THA D,
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i) IFAT LA —ORIER K OVEMOBEME T, ¥ A 7 X v 7 72 effecter Teell DREREIIZELAN S
Z 0. & <ITHFIEIZIE Th2 Mifd ORI 221G AL 23 B G- L TN D ATREME DS /R STz,

(3CHK)
1) Turcanu V, Maleki SJ, Lack G. (2003) J Clin Invest. 111(7):1065-72

A B
STAT1 STAT4 T-bet STATE GATA3
10 = 10 =10
Copies p10.05 e p<0.05 Zomes P<0.05 p<0.05
| [ p<0.05 ] [ 1! | - 10 p<0.05 100 p<0.05
H 1 . . copies. r—‘ eoples l H ]
100 20 4.0 &
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1.

A:Th1(T-bet, STAT1, STAT4) . B:Th2 (GATA-3, STAT6) . C:Treg (Foxp-3. STAT5) . D:Th17 (Roryt, STAT3) DHIE=
fitEhD mMRNA R = (X, FERHEHO background ZZEL5|LVz% factor DEEFD copies H(Avalues)&EFALVTE
EE:L/T:O
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