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BTF S AR PRk s A Sk % (amyloid neuropathy) ¥ - transthyretin (TTR)

1_

mutation ¢ Fr§_HE R FEMHRE F B HAM T SRR S % (Familial amyloid
polyneuropathy, FAP) i & jn %] » # ¢ & % L o8 _Val30Met » @ f 5 3 e
Ala97Ser - FAP &K % € w7 p L ehfiin™ # My g f -+ (numbness) {r
= & B (weakness) fPIRL% o WA B EMLF SR O ey o Fh g Bom A g 5

BE L FL A MR

AR R Ry ¢ SR FAP B A i (sural nerve) i F
Foo _E'Jﬁ‘« CEA T FRE R F g" eosinophilic I % ™ % % % 3 Congo
red )k 4 <038 % > 1 * TTIR #m@*ﬁ‘-ﬁ s A S s g 4 ¢ O E AR i LR

4$ IFL?» I:ﬁ" _-:37‘7 _,,.4 %ﬁ,ﬂz;ﬁmF‘AP“ﬁ.&mgﬁn§7}é ‘L’I‘Dfd ‘P\Bg_

(endoneurium) #2% cytokines 3 4c| =1 '§ PR & e R E GE h %A fibrillar
k
TTR » 7~ ¥ & 'm¥ A& 4 cyfokines ° L 3 'é‘ *iff*{ﬁrf? WR A TR ] 15 2R 2
S| 1 |
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Abstract

Familial amyloid polyneuropathy (FAP) due to mutations of transthyretin (TTR)
contitutes important etiologies of amyloid neuropathy. In Portugal, Sweden, and Japan,
the major mutation is Val30Met. In Taiwan, most FAP patients had Ala97Ser mutation.

Neurological symptoms include numbness, weakness, dysautonomia, and diarrhoea.

Previous studies have documented increased cytokines in endoneurium of sural nerve
biopsy. These studies raise several issues, for example, what are the sources of

cytokines.

This study tested the hypothesis that whether the infiltration of immune cells was
increased in sural nerve of FAP, and‘whether there 1sicorrelation between immune cell

infiltration and nerve degeneration.
| p—
=
-

The myelinated fiber density of sural nerv'é-'!?;vaﬂs proportional to intraepidermal nerve
| | !\, 1
- -
fiber (IENF) density on skin biopsies. The infiltrations/0f- macrophages and T cells in
sural nerves of FAP was increased compared to that of control subjects. There was

complement-deposition in blood vessels:of some in FAP patients.

Keywords: Familial amyloid polyneuropathy (FAP), Ala97Ser, axonal degeneration,

macrophage, T cell.
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FE MR § O A &% (Familial amyloid polyneuropathy, FAP) .4~ &_d 5
57 ¢ Andrade ¥ 7§ L% ¢ § 2% i (Andrade, 1952) » Bk it - B
JURATAR o g B PR RS LR AR 0 Rk ¢ 457 L4 4 (analgesia) - R
4 4 (anaesthesia) > 14 % 42 & Bl (paresis) » F % R4 3REEEF R R G

v & FEP8 (diarrhoea) % 3£ 594w it £ ¥ (disturbances of sphincters) » %4 g,

S

*mk-

I €7 127 i Ia (sexual disturbances) % pa3t < -] £ ¥ (anizocoria) ° /L
ARA el (R T 2P NET BRI F R NG P e
(hyaline substance) * H ¥ A F g% | Ik (glpmeruli) & g B (walls of the

vessels) ~ g (interstitial-tissue) % ¥ Ezé LA R (nerve fibers) 3T

AR FTES YL FR FAP W )izv-‘ G4k B (intracpidermal nerve
fiber, IENF) £ %}/ e 4gs57 5 %Pfﬁ‘ mm S A L TRR L R T

g e B IR % (Yang, et. al. 20 -

Transthyretin (TTR)

Transthyretin ¢4 8 & #2 - 5 thyroxine-binding prealbumin (TBPA) » 4~ 5+ & = /]
5 159kDa > d 147 @=Lt (amino acids) &= > & ¥ 48 (monomer) 7 1
a-helix 4= 8 i B-strandse H 7 i p o #74vd U e Jrend HiFE 7 )k Hijl—,% (thyroxine)
2 i@ s 6 A(retinol, vitamin A) 3 B > A A 888 d "% % E (choroid plexus) fr
7 (liver) Wi > Gd & RFX TP H s 01 (Herbert, et al., 1986) (Schreiber, et

al.,, 1997) -

FAP p % @ 4vi% transthyretin ePR 254 3 M 0% > & % [#/27 ¢ transthyretin 7 =



R4 (tetramer) & 1‘? » e B § R % ¢ transthyretin B € ¥ 2 misfolding » & H 2
= H # (monomer) - & {7 % A= 2 (fibrils) (Jeffery W, 1998) - # 3 p =0 % 1
© R AT AT 100 B0 KOIE LR BE T T 4 HABL P A
2R3 L% % (Planté-Bordeneuve, etal., 2011) » H @ & §F LR % 5
Val30Met > @ % 5 30 53 ek 6| P33 5 Ala97Ser (Liu, et al., 2008) (Yang, et al.,
2010) - R R =30 B B-strand + > ZETEET 24 * KA F]TA (gene
sequencing) ' % restriction fragment length polymorphism (RFLP) i& {7 & %% *

#2£7 (Yang, et al., 2010)

A ¢ (Tissue Saining)

& FAP & chip i 8 o 2 & 14 hematoxyhn Gosin (H&E) % ¢ » % % % 71 B

eosinophilic 73R % > 3 14 ‘Congo red #- 5""&.}’5 - BT R )k 4 <0 Congo red
"R |
pE ¢ o o A Ala97Ser FAP ﬁ;‘k éﬁ #%’?%‘-ﬁ- il (sural nerve) sy 5o g H&E %

. % Lagk ) 1553 iFL eosmophlhc IR % 11 % Congo red 7

F_‘n <

¢ % Congored & ¢ t& %
B E s TIR pAie = R e Ttk i s FEAR A R R
(Yang, etal., 2010) = 7 5 & & 4] * § 5 Bkt 3 5L > Val30Met FAP & ¥ e 55
il 5 N 9 (endoneurium) i ¥ 0 Ak ¥ P & (endothelium) fr basement

membrane 2_ ¥ 3 #Jk 4~ 3 (amyloid deposition) 3R % (Mathis, et al., 2012)

37 %Jﬁ%ﬁ‘m » FAP Q,Jmﬂ*”%%d A LR A > T OEREDA S
(endoneurium) P 3 receptor for advanced glycation end-products (RAGE) 2 H T 2%
nuclear factor kappa B (NF-xB) ~ tumor necrosis factor alpha (TNF-a) -~ interleukin-1
beta (IL-1B) -~ inducible nitric oxide synthase (iNOS) > 12 % caspase-3 (P& % 4 ¢ IR

% (Sousa, et al., 2001) -



Transthyretin #m¥ 3 [+ (Cytotoxicity of Transthyretin (TTR))

FH5&2» $RIF A3 % (primary culture) & % thi3 £ (cell line) !
5 n% (neuron) ~ FFPALS w®¢ (Schwanncell) ~ & f p A n% (endothelium)
¥ %% (culture medium) 42 4c » fibrillar TTR » # 12 & % & 4 TNF-a ~ IL-1B ~

iNOS (Sousa, et al., 2001) -

E w2 w2 g% (Macrophagesand Cytokines)

Evfimie o fr g b ehi & & 4 @i & R P (antigen-presenting cells
(APCs)) chi d > & 5 m/R il (pathogens) ¢ > ¥ $}# HLA (human leukocyte

antigen) #-p; &t 48 59 epitope AFRE iz b WIRLE-E S Teells ¥ AR5 TG -

Pumw¢ﬁéawh§#?%iWMﬁ?ﬁ?“i%ﬂwmws@w%&wu

LR 4%kw ﬂ%;? R R L R
EL4d v EAR .‘Lfﬁ‘«#ﬁ"%mﬁi}i #3’; BB il AL o R p EE
v R Wk g0 pro- 1nﬂammatory medlators 2457 TNF-0 2 IL-12 &> 2
g 30 ¥ drd i L F o anti-inflammatory mediators ¢ 3% 7 TGF-f §= IL-10
(Kiefer, et al., 2001) - @ &3 3 § H @It Blend 5 (spinal cord) 3 &
recombinant rat TNF-o, > ¥ B2 31| }* j&s blood-brain barrier (BBB) 43k (Schnell,

etal., 1999) -

gt Emee? LG E R T3 2 - > FHT R FORERIREL > TF
EEF T L B o BT S8 ehd-d 2 ¢ Ibal (ionized calcium binding
adaptor molecule 1) & - #& 17-kD EF hand protein > # L3 E ¥ n* (macrophages)
Fric fm¥e (microglia) * » § Erimre A% 1L P o Ibal € 7 3 4e i A) (Ito, et al,,

1998) o Fpt A @ # ¥ Ibal chfdll kB2 E vm > § Eegimie g L pE > T



A Ibal ikl £ -

1&
(a}

T w2 4 B % (T cellsand B cells)

T 'w cnizenss i .45 % cell-mediated immunity 04 ¢ > p % X 4% % & 5 helper
T cells ~ cytotoxic T cells ~ memory T cells ~ regulatory T cells 3% - Helper T cells # 14
24 B cells maturation » % it cytotoxic T cells = macrophages ° Cytotoxic T cells R
VOB R A e Pe B R e o Memory T cells P H_ A X FIR 4 {8 0 7 0L Pk
R T EPET R R AN 0 BT - SRR AT LD R AR o @
regulatory T cells * # % suppressor Ticells > B eh i § B F %4 — BEpF > Fr)
T cell-mediated immunity, ©
CD45 » #i protein tyrosine phosphatase | ;ﬁceptox type Cc (fTPRC) o Protein tyrosine
.--

phosphatase (PTP) family 3 #2 .78 W 4, - ;;:_ e AR AT G- TSR

¢ CD45 famlly %7 % #4 isoforms > T fwm?s /&

i
L2 & CD45 chi gy o iﬁﬁéwcmﬁnﬁdﬁiﬁiﬂTﬁwao

(transmembrane glycoprotem) H ¢

B fwe cniE eyt fo 2 4 7 humoral immunity 04 & >3 & # 5 v 5 R §Rw

el R A4 Ao

CD20 % - activated-glycosylated phosphoprotein» % B cells 7% i* = plasma cells F* >

CD20 %2 4 B2 ¢ » AF %@ * CD20 eyl KL 2 0 B fmbe o

# %2 (Complement)

AR F LA LR kY R B ahp E & L_ﬁr,‘&"v?@' (pathogens) 1% o b &3

(bl4e C3b) > & o RART 11 % AR FAIE Y STk X RAMA 2 T



oo AR kALY endH ¢ — BELJT  classic pathway ¢ Jf d FBE 2 R

w

& ik
# =

34
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R

Light chain amyloidosis (AL) &_- &% & e w4 & (amyloidosis) » I 4
SARREY B RATRAS S (amyloid deposition) I % o @B FOF KR
Fopetd Gl AT AR o F R L e A R S TG A

i A4 d W%k > 2 2 FAP 3 P kIR % (Hafer-Macko, et al., 2000) -

AR HEE C3defifom C3d 5 C3benH P — i F B F]pt 7~ 7 % L 4k3e C3bo

3 P & (Purpose of theStudy)

LA ATy e SR s b FAP s A Wwf#iﬁ FTIRA AL S - 11 E — it
pro-inflammatory cytokines = 3 L xﬂé’u%}l_% rx’?i ; }gﬁ“ cytokines ¥ #Af 3% 5
A Kp Bz X 4% e o my %\F;Z'rﬂ;i;ﬁizn FAP:},?; ATEES A N 5 f g
@ﬁﬁ%ﬂ?%%&ﬁ?wnkoﬂ&ﬁpi%;%iﬁiﬁ@%ﬁﬁﬁﬁ@ﬁ
(Ibal) ~T iw®2 (CD45) ~B iw®2 (CD20) &% e FAPZ FFcni B > ¥ 7 45
HA LI BRI T LA e a4 RRAPMIE 7 Ad F 25 > L NG F
B Ala97Ser FAP & % 1 TTR § 3§ fes i e G LT Ha g3+ H A
FER A A G TIRE S F A T BE L F T TTR 4.7 § £ R3 U R

% o



RS
i# ¥ 2-# (Subjects)

AEFTERRASE 20 HY HREX 3> THE# 5433+£203 & (mean+

SD) » # 131 ~68 & - FAP 5 4 17 f=» T35 & 61.25+3.6 & (mean=SD) -
FRIS6~T0 ko Ay iRt A S BN SR E R EF o RF G TREN Y
o a BE RS > FRERT S A 5'?}‘%% HalRg o FEFH G
BaojpiEd T gzl § ‘5mmf‘}?“p‘ i8N %#dfég‘_:}?‘r,‘%ﬁﬂ?é‘i

1+ - FAP & Jﬁ otk A o Hd AR %5 FF iR 4 74 50 ¥ & (quantitive sensory testing)
2 A4 & B4 4 (nerve conduction studies) /FE 23 Bk R g AFT A (Yang, et

ahmm)@%méiTR%ji%’%ﬁ%éE@&ﬂo

AL AN FEER G +Wﬁ#% %g%rqa%&%ﬂiﬁg%ﬁ
€ R RILA | ORI & :{T? ;“' @%Fﬂmﬂw&%ﬁ’# Bts o BEAR

MRS R AR o E Y

# E 834 (Nerve Biopsy)

ﬁ%ﬁ*é%#@**k%%%’ui%ﬁiﬁﬁﬂTa%v%mmmm@ﬂ%%
FEEE & 2 £ et 0 42 F &b R (lateral malleous) 52 %) 1 24 > fi— B2 v 1Y

- EER S S T R i (sural nerve) o #-H g (T

F_&

SRR LT B
PEELIS 0 T T AR WY B G Bd  B (SR v 2 & (cross bilayer) 4
Lo TR F B ReEAEY FRP B GrMEGN YT LE e K A

f T 4T a -



A EEEe s WA g8 ez ¥ § (Morphology Observation and Quantification

of Myelinated Fibers)

A5 A 5 (sural nerve) 147 B 05 A& o mAZEERR (5%
glutaraldehyde) % €_48 /| p# » £ " pifs @ % % & (0.1M phosphate buffer, 0.1M
PB,pH7.4) % 3 » %133t 4°C 7k - &7 & BpF > L 14kpi % 5 (2% osmic
acid) H T 2 ] P RF NI RERFHEFREESR KL 1R F 5= (propylene
oxide) ¥ #& % {512 Epon 812 resin & 3 = 74 B o f7g B L A2 fc*7 # % (Reichert
ultracut E, Leica, Germany) *# = & & 0.99um 2. 2 j&*» % (semi-thin sectiocs) * £

18 EREEA % (0.5% toluidine blue) HE {7 —’IL éd o P EARE

e

a5 £ R st R st (differential interference contrast microscopy, DIC)
(DM2500, Leica, Germany) v 20,3 ;Jﬁ' ﬁﬁja £4. 5 g=m48 & ~ % (color
charge-coupled device) (DFC 490, Lelca Eérmany) B8 8 s £ 12 Adobe®
Photoshop TR IR E P‘l 5 (élldoneunum) wAF Rl E 2 0 L1 R 20
% 4~ gLap vt 6] ¢ (scalebar); 3B J CCD Eﬁ&;@ FNGIE F lum E R @

(pixels) e B 238 o

R L 2R 221 EBlAF BRSNS (endoneurium) {8 0 AR H
W ff hifcE B (pixels) o fordEE 2N TE B G0 50 (endoneurium)
FE 5T L (mm®) o B EE o B E g 4 kA S8 (myelinated
fibers) h#ic® > L HE “% M wE By dpg A S8 E %R (myelinated

fiber density, No./ mm?) -«

# %% % (Cryostat Sectioning)

srpid g (suralnerve) 127 R K 0.5 2AE 0 1z RTEER R (4%

10



paraformaldehyde) ¥ % 48 -] PF- L L EifL B 4 % 7% (0.1M phosphate buffer, 0.1M

PB,pH7.4) ¥ # > 52t 4°C rkda o 5 7 @A s ok r B nideY o FIMGE R

el.f.

‘%‘«P\mj\&/}i"‘]s‘».pw %ﬂ‘ﬂ‘%‘«rﬁ“‘] B B A &ny);l—éﬁ

R

YR AE
(30% sucrose / 0.IM PB) j&¢ 24 /| B » B W% L GIiR & chEBARE L e

ﬂ} b

| (optimal cutting temperature compound, OCT) (Shandon, Pittsburgh, PA, USA) :&
gV %% o & * 4 P8 (cryostat microtome) (CM3050S, Leica, Germany)
PR R MR 25°C MM OCT ¢ Rt * ARG uEEwifr
pooE B Y ERG 10um o 22T BARRET R G PR (gelating gt B o & B
A G T 300 B 8 0 Tioa et SO BB o0 5T L A RGE

Z2EAPARDD T F N RS SUR > PR S 1 Py 0 52

Bor oo 52 e v apibor 5 2@ 0 WG B E v fip v 0 e

B AP Ak -+ 4 ’f‘:’?}fBﬁESOOHm’—E—;trrjgi‘%l_{;:lﬁ%6ﬂ§;-k;&}1 s A A TR
= 11

iz 0 B3 -80°C /’J\ﬁ ° ‘ ":"-"ﬂ ‘ ‘

LR ERERI (Immunohistochemistry);:

Rp gy P AR B R E YR N R (0.5M Tris buffer, pH7.6)
JERT R A4S B gk B % (Coverplate™) > & ~ & % gt ¥ % (Sequenza®)
(Shandon, Pittsburgh, PA, USA) ° y* 4 ¢ ;2RI J|* L o % - B4 F FAEP

7B REER Y A S B e o il S mR g RETE R -

H A 05MTris i+ ik 3 =x & 15 ~ 48 > 384 OCT » 4% % 1 1% H,0, / methanol
BRF B30 A E S HBP DAL dip e A gy 1 d e e £ 05M
Tris i % 3 =0 & 30 A 4815 » 4o > Big s 3% (0.1% Triton-Milk) » 2% 2 p o5
50 ok A aZi iy 2 b 2 & (non-specific binding) - ¢ mfe A 4 3F § )
b BFUREE UG N fme N oo 3 F 4 » — U (primary antibody) o TR fe gt

11



FIEREACHER T 18~24 | o AR B2 * ch— %Al lonized calcium-binding
adapter molecule 1 antibody (Ibal, 1:250, Wako, Osaka, Japan) ~ Human Leukocyte
common antigen antibody (CD45, 1:50, Dako, Glostrup, Denmark) - Human
B-lymphocyte surface antigen B1 antibody (CD20, 1:50, Dako, Glostrup, Denmark) -
= p A2 0.5M Tris it 3 X & 30 & 488 > 4r » = %488 (secondary antibody)
Faegl PEENZEEBRT 1P AP %Y ch- syl ¢ biotinylated goat
anti-rabbit IgG antibody (Vector, Burlingame, CA, USA) - biotinylated horse
anti-mouse IgG antibody (Vector, Burlingame, CA, USA) - ¥ ¢ * 0.5M Tris i* % 3
= £ 30 » 4815 > 4 » avidin-biotin complex (Vector, Burlingame, CA, USA) - % &
WEET A5 A4S > 1 0.5M Tris ik 3 R 30 A4 LA B S
3,3-diaminobenzidine (DAB) (Sigma, St. Louis, MO)“% ¢ "> & 121 7 o )k & PIFpF &
RN A A0 G & *Ef‘fﬁ’* 3
Il M

1

LY N (Immunofluorescedce) | ?

B B s 0 g% % (0.5M Tris buffer, pH7.6)

f}

LR SEAE A SR S )
BRI F B G R 4«43 g d B g P A EFE S o 7 AL 0.5M Tris *
3T E IS A48 b > - Bl TR E g P AR N4 CRE T 18~24 ] pF o
AR B¢ - 548 0 Human C3d complement antibody (C3d, 1:4000, Dako,
Glostrup, Denmark) ° =t p £ 12 0.5M Tris i# % 3 =t & 30 #4518 > 40 » = B drdl 2
Rhodamine labeled Ulex Europaeus Agglutinin I (UEAI) (Ulex, 1:100, Vector,
Burlingame, CA, USA) » Bl g P2 E 3 ERBE T 1 F e AP % a2 Ko
%83 : Cy2-congujated donkey anti-rabbit IgG antibody (Jackson ImmunoResearch,

West Grove, PA) ° 3% 12 0.5M Tris i#i% 3 =t & 30 ~ 4818 » 3P EFRZE o

12



Extimiefc T o2 2B 2 . (Quantification of Macrophagesand T cells)

FhRERCELI 2o B % LR SR ficsl (differential interference
contrast microscopy, DIC) (DM2500, Leica, Germany) > 12 10 & &efe & £24¢ 7 j7
48 & = it (color charge-coupled device) (DFC 490, Leica, Germany) B~¥ g2 1§ > £ 14
Adobe® Photoshop” i& {7 % # o i& {74 5 N % (endoneurium) # # B & 2 7 » 1Y
Bk 10 B 4edp s 6] 2 (scalebar) » 38 d CCDEB#Fant %+ luym & & &2
% B (pixels) edEE o5 o

P2 Rl 221 B EDE BA P W (endoneurium) {8 0 WARE G Ff i
% & (pixels) > & » 3 F o0 T F g SR (endoneurium) (g ff 5§ 0

T (mmd) o £ F B IR e M 4% AT s e+ He

¥ "fTT L W (BanEegin e BT wre BUR (Thaslor €D45 density, No./mm2)°

B34 (Satistical AnaIySiS) ‘ |
2N 1

*R IR A P g ?fu#ﬁff' GraphPad Prlsm S5:BF AT o $HRR ek
o A 5 ,& HA SN (endoneurium) iy BRI A SR A B R (myelinated
fiber density) ~ Evm?s A& (Iba-1 density) ~T w2 % & (CD4S5 density) #icig s
MITiaE + EEE L (mean+ SD) % 7 0 I 1Y t-test B W] RS B R el iE L R

B P<005pF > RIZRG S e st g + 25 ¥ AR (significant differences) -

W RER T BREREH S T % g_ + g A S8 e A (myelinated fiber
density) ~ % £ p A SR % & (intraepidermal nerve fiber density) ~ E v im®e @
B (Iba-1density) ~ T i % & (CDA4S5 density) 2 B cidp B4 > L aRpbse G54 41

(linear regression analysis) Xi& 7G> § Pp<0.05PF > P3ni @ e b st g + 2

7 % ¥ 4p B (significant correlation) o

13



5

X

gl F PR MY SR e R T

SUBEFAPRE LW A GO ALE G AR 2 A G iR LT
BRI R AR R G M B RS BB 02X 7 2 (semi-thin
sections) A SN G KEH A G404 (myelinated fiber) o 7 ¥R
(toluidine blue) F_#& 1+ % A (basicdye) » FIP ¥ WAt F F f TP H > blde
mPe i~ 2§ PipE it (DNA) % > & B8 7 (myelin sheath) 5 3% L=< fm¥e
(Schwann cell) &himse 5orea i 31 % > K &K 5 G okdz bk (axon) - S Flt
T R Ad TE MR B RN (myelin sheath) FIRIFE

§ @ FehdhR (axon) B J_iﬁ‘uﬁj v ¢ aplesd o4 & ) (endoneurium) P

chim e b B R (extracellular matr1x) _L E’wl\ 3;_ g o

'*i‘”!‘i’f ""’”‘ ”E‘L’%?ﬁtﬂ?% R R

fiber) (&l - (A)) 5 FAP &% e g 4 s

$H8 b A o L i 2 g 20 i

ey B A SRR (myelmateld
& (myelinated fiber) #c& PP & m/}é > (Bl - (B)) o A0 B AT RV BT
TR A SR b o B ;; 5 i B PR F R (myelin sheath)
SF LR w2 (Schwann cell) enin®e % (Bl- (D)) > & R ER#SF LR % (R
-(©) -

7 R A LM% AR (myelinated fiber density) 53+ B ¥R E L T115+£599.5
No./mm’® (N=3) *FAP £ % % 1373 £926.9 No./mm’ (N=17) -5 Mann-Whitney U

test A 1T BE A S B BFLE (p<0.05) o

J}i"'ﬁti}l;fd FRADRBLIAPH TR ARAEZ PRIE

=1 87 &2 FAP & <} 8O A 58 4 (myelinated fiber) {r& #5540 S48
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(unmyelinated fiber) it 2 & B FAp it 3 A 8> A PER R WA SR e
% & (myelinated fiber density) £ # 4 p # 54 %% & (intraepidermal nerve fiber

density, IENF density) -

o pA g e (IENF) 5 & %54 £5 %2 (unmyelinated fiber) - j5d & f§ *»
AR ERCFR 2R PERELAL P FRET R (IENF density)
By o AP d B R i (T 47 32 B (ultra-thin sectioning) % B~ {F & bEH A gk

2% AR (unmyelinated fiber density) &k ¥ 7% % -

fd @it jF o~ 47 (linear regression analysis) 64 > FAP & e 4 # (g e

% B (myelinated fiber density) £2 & & 47 ;’gé« @ & (IENF density) £ 7 B ¥ 4p
B (p<005)(N=14) + 25 55 LrH o GAE =03958 (=) = ot 4p M 12
Bor o FAP B¢ o 5 804 (myelinated fiber) f= L U

(unmyelinated fiber) =339 i* 2 & «fr'jgi ME o R
=

g e Bt RER G

A AT 18 w7 e 8% (debris) § @ E ¥R’z (macrophages) k& {75 eEI
“,ITT v @ Iba-1 5 - fA#& M AFE w2 i w2 (microglia) » » B24F 4T+ B

£ ended o FEd Tha-l ik B L E A S KRN E Lm0 T LT R

|

HERIH SRR NE 0 WA .

R w gt w4 F R Iba-1 2 ¢ PR g (Flw (A) - @ 450 5P 0
(endoneurium) ~ # 3§ § ¥ (perineurium) ~ A 45 ¢H % (epineurium) o XEUK KA A
Rk F ARG ba-l A ¢ o g (Ble (B) » &4 5P % (endoneurium) ¥
BRI 40 Toa-l HEt ¢ IERR I £ 7 R RACGHEE A (M (D)

A 5 L% (perineurium) % A 5 b9 (epineurium) 7R F OB IR R RIFE ¢ nim e
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(Bl (C)) - 4 S5 eh 30 (epineurium) e § FiT (%% 5 B IMI|FE ¢ HEEwbe >
P O (perineurium) TR A B MEITERE B F IR E R we o MRS R AT
AAECTHPRE 0 G FAP R A g ) o B G R F WA T A
d = ) (endoneurium) oo F é,'*z A S P i F TR A B IRERED

Evfimfe » B ¥ ag ALp & B 7SN KL & P G

T3 Iba-1 5 %3 F RenE w2 B (Iba-1 dnsity) 535 (8> R e s 1.474
+1.233 No/mm? (N=3) + FAP £+ & 3542+ 113.7 No/mm> (N = 13) - g

==

Mann-Whitney Utest ~ {75871 % 2F L3 ¥ L & (p<0.05)(BI) -

ey Twe 2 BR Y

it g R FAP R e g g B, *mnfwﬁnmt CEEARAM i A g

| s

Bi B e f&;ﬂﬁ’-%ﬁ‘:p » 2 ;}pﬂfl é &_ﬂiﬂét TRBIY T A RE

Eviimre anziB A % i ’"} :\ 3 /@ CD45 i+ l Bk E\r’ (transmembrane

I 1
L i’
glycoprotein) » & T fwreiE it m@,ﬁiﬂ ZRCDAS e > @ Timie— » &0
VORGELE K RS Y o T 7 CD45 gl 7\ éL?ftf‘:E_f%‘; CELE T UIfET

¥ A%t PR 87 FAP é,'*zfmmz\ PEEF LR

$HR R i G 5 T CDAS s ¢ g (B (A)) 0 @ a4 S
(endoneurium) ~ #¢ (5 & ¥ (perineurium) ~ #¢ %5 ¢ % (epineurium) ° FAP @ JF’f ]
#FIMG CDAS 2 ¢ chim % (Bl (B)) » &4 5P % (endoneurium) # M ELZI| 4

CD45 it 4 3t mee (B (D)) » R RACGHAEHA F o F & T w7~ ¢ I

3

o g T (B (BE)) 0 @ A fedd S (perineurium) % A 5 ¢h 3 (epineurium)
AV FERETRFRS T w2 (B> BfC) » F RF b b F/iTH R o R
Fi S Bom FAP B cri2 ) SR § AR F BE L m g o b F TG

wl o T e H 3% 3§ wmre &2 fmie 35§ (cell-cell contact) % 1% » F]pt n 'g KT
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T e T e i s im0 T e o

:r
~=
l\“‘

RILCD45S B 24 F e T mre % & (CD45 density) 53-8 {8 » R e s 0.0+

0.0 No./mm* (N=3) - FAP &% % 28.46 +20.54 No./mm’ (N=10) - i

Mann-Whitney U test 4 47 {5 &1 =& 2 F £ 3 Z2 (p<0.05(B-) -

A i F F B e

B fw®e {4 it > humoral immunity > %3¢ A 77 3 %% B %2 {- FAP %Jﬁ Lk 2

Lo FRB wme (BN) o

A g AL P H RS B s T mes e i
(=35 |

FAP £ % eE viiim?e B & {v T ﬁ fii%fﬁv\ﬂlﬁ@ GE: SO S R el Rl PR
S A 45 (linear regressmn anbl sis) X’IT*‘ ’ 9’}‘&45*’13 A H L BFEA

L i !
B (p>0.05) (N = 10) (F1 4 (A)) &? B (T e v i i 3 R B

7R A S8 % & (myelinated fiber density) &2 E eimie chld RIS GF A 4T
BHER A LR BHEAM (p<005)(N=12) (B4 (B)) 2 H R IARR o A
B e’ =0.4028 5 p B % BT 1B e im e RS rn)]%é, BN v R LR GRS
Pop A SRARAREE T wke Ol GEMERFLITE  FRA L2 F LR
BEERE (p>0.05)(N=9) (B4 (C) » &7  Timieificr 2 &3 Wi 4 S84

24 B Henqp M -

A pA g R (IENF density) & F ofim e (il i S M 4w Eﬁzév\’}‘r ts 0 IR
BERLTHEARM p>005)(N=1)(FL1 D) > 2APHEHRAHRE T wmi

SRR LA AT T EBEEARM (p>0.05) (N=9) (1 (B) - &= % 4P
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AR e R E e T e ARG E Heeip B o

MEARENCId LER B

Wi T % ik § R AT A FAP B ¥ e g

RF s 22 - SFMBRRDRE > FRMEFREFS L )T

[d= 4§80 F ),@°§%E} C3d ke 7 $d ¥ i B F G AHE sl o

HREE FAP R4 2l K27 C3d 44 PP PR ™ Ulex AFT N ¢

%ﬁ L [iﬁ%w@iﬁ o LB 2 C3d % 4
.*.-'..' _1 F":',-

%* ’/)‘l’l I B m/riiﬁbl&/ﬁ] =

e g ¥ (endothelium)

r}_, “ p % (endoneurium)
i P T A 2 "te B RPRTTRE
£ N
C3d &% % ¢ {,_LE”%M By &g‘_‘mﬂ,gekmmgm
L ] Ty
L S M@b 5
(3 2
T S “‘r" - i
2 {:";-"J el AN Q%ﬂl 2
. it i Al
e ‘:-' ] -3.' _.:‘_?‘ll-
.i"-.'g_:;‘_ll?.:_:i_ - .:T-_...;.I': v
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,ﬁ 'Btiﬁ Zd im&‘ &’a-_—fr%‘ i F\ Zd 5“‘,&1 Vg_ﬁ‘:_{g ft %g_)i *Bij

AR HER LG GY > FAP B4 o M A SR AREREFEFR S 0 28
iﬂ@?ﬁﬁﬁ{%%ﬁﬁ(&%qddﬁ%@°ﬁéﬁwﬂﬁﬂ’$ﬁﬁ#§
PANBPRELAVNGCRABRT HFAM > L7 7 W4 SRad atggi g

RAFRI I ARRE T S AP o gAY m L g W mgkar Ak -

e

FAASRAT A A R AT R S g A SR T > = 5 p

R B PR AA SR AR AN SRS TR THEN YA
?’%ﬁﬂéh%ﬁﬁgﬁﬁﬂﬁﬁﬁ’kﬁﬁgé’K&@# BELES
w

?’%ﬁ%éﬁﬁgﬁﬁ’&ﬁ%*iﬁméﬁmﬁﬁ BH BT 5 vk i
i

RN ECRIEE S S SIS LR VR AR acE =

'u'r-l-z.‘, ,
oy _— ‘
IE‘Ia.

b i 58 R

FAP ,&\-ﬁ R e RIE

HoH s ;,Z*ﬁ PR IR G oA AR ;f;; ) f}l]vf(t’;‘]’%)?](,‘}?ﬁjé ﬁ;;ﬁ;ﬁ% ) TRV f g

AENFRErEwe > Bd A GE g3 Ewmie ZEDP 2 - TES
3 ;a);—x%gé BRMBGTORAY AT SDE > AP HIRII FAP B K
HE A i B e R R I kA LB T R R

AT RHERT FAP L i G Tz am g o o T chst iy o3
cell-cell contact immunity - % T w24 E vfim?e 5 i {5 » T w8 ¥ & ;& cytokines
I %3 A% (paracrine) 077 3% 0 @ ARiT ey AAE L e T % (naive T cells)

At B AREF R TN T ZBATH P FF2LAAF B T idit

g TGERE B AR F e

19



BRBREme e T miechd d 25 m > “HFREL LR e F 3 NR AL F D
% B (perivascular area) -~ p* IR e 4a#7 3% £ F) 5 A4 e R p o F4R0 > Tt A

“ ,F '—’f’”l‘fﬁg WE A BB K e o

M AFTF A F % IR B B e > humoral immunity> 3 & P a8 %] 1 oAl

s 4 ot FAP endl £ & J& ¥ & &_antibody-independent o

FAP &% coid W F b

AR L E RTINA FAP R 0% Al A F\ - (endoneurium) AL F F A A

5

R E LS G o A AR @m};’t‘ﬂ‘rvﬁ*‘/{;\ g iR ke o flehFe
e A A AR )E; ' ﬁ’»?’é’: xé}?ﬁ@iﬁ (pathogens) 2 I S

ERT R () 5P iq‘f@;ﬁ.ﬁa‘ 4?"' %“' (complement receptors) ° 7

T (] r
A R AT B2 e d B! j "FE KA Ejmlﬁ' % I mPe (antigen-presenting
J "‘, |
cells (APCs)) » Tyt izt I}%}%’%E"’kl zﬁtxaﬁivgﬁm? (phagocyt031s) AR f v @
L
SRR E R R uiw'iﬁvmgm epltope T E SRR S LR

B p BT ALE N R i G B R é‘ﬁﬁq ¥4 %595 % (amyloid neuropathy)
¥ 4 I classical complement cascade 7 antibody-independent 73R % (Hafer-Macko,

etal., 2000) -

AR BFIRFAP B F g g Thwwe 2 B2 WA & Ba LA F B R
oo BT 4 45 Ala97Ser FAP 3% 23 1Al S5m % @ FAP 2§ # IR B e »

Flet f &K ¥ e 7 3% i antibody-independent classical complement cascade ©

Eviim R R EHN SR M

Ergimiz Al i iy R FE A BRI Agmed > pansd ;r:»,\;}i;rg»ﬁ ,t:}.a‘rdﬁ °
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aA Fi g AET F B B ime e e o 1y f,?”f Vi T Ay e B
e E R PF A 4 J fhcytokines 7R ¥ Ay i = BcTE B (microenvironment) A2 H @ m Pz
shim’s 4 2 (cytotoxicity) ° 2 3 FH 47 > B e T i % ¢ A4
pro-inflammatory cytokines » 7+ ¥ %l :¢ anti-inflammatory cytokines §v neutrophins
(Tabakman, et al., 2004) (Donnelly, et al., 2008) (Yong, et al., 2010) - *#* 3 3 L FAP
&—*z A S PR me R A WA SR AR R TR I AP 0 A H
Ala97Ser FAP m 3 » Eviiim?e ¥ iy 307 @;ﬁdﬂz b d e ZRHEE ] LA

B EP - R

TTR 05 § g4 gig it

d3tiEd G ?i%l}’u ﬁm”ei‘“ % chd ? P\ ;L *m”e#\ BAET f33 % /& 42 4 » fibrillar
TTR %>+ 11 & fn% A 4 TNE-a~IL- B(s'&uz;a ¢€a1 2001Y »i& 8 % 275 ¥ Ala97Ser

FAP B % %% 4 5 i § 7 4 TT? miaj}g o4\ F il g @ F A4 TNF-a~ IL-1B 2
F l 1!
. L

2 B TNF-o 03 2o ¢ i blood braln barrler (BBB) A3 (Schnell, et al.,

1999) » £ F %% TTR ¥ /4 b € i FABE I e R 2 a F TTR A H
FHRTEIRE D FRAL % ?

B PRS2 o PIF i a0 F o A TTR 4 e 'g:i A NS
Rz iEm 'g:ié;']%_i‘gﬁ v {3 TIRArA HLlme 3B - iEm g 24
Wit o FREBFMFEY T A S £ 4 ¢ (multiple staining) KA H

$h 2 [ engp B2
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Fl- FAP &% cmzsp il sgend o d s

HReagm=gi afdra g2 (A,C) » &4 54 (nervebundle) M5 R & ®

- BRFEF-B 7 ROy B A S (myelinated fiber) © FAP & f 925540 (0

6 L 8 (B,D) oM AP o RE A BRI B RS > F R A S
Mo B BEAR @ Rt o B BT T (CD) - FAP B ¥ 5 i (D) 7

LIIFF § e 53 4% F B0 % (myelin sheath) %X fn%2 (Schwann

cells) » &7 #R (axons) iT it {& » B " (myelin sheath) » — & 2 » §|7 Fp

X kw2 (Schwann cells) eim?e & 48 -

=% I!._ L:"'E'r:'!f'ﬂ_&

__gé%:.

(MF: myelinated fiber, ScC: ScI{F

; -i:r_-q‘-‘

’ :{w Jl'ﬂj_':lii{‘jlw e

=
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Bl= FAP B ovj Bty 4 554 B e 8 B %

st 2L 2%
e ?

7R A SR B R (myelinated fiber density) - 5 Mann-Whitney U test 5t3
B N FAP L% 0 W4 SRAR AT HEFRS (p<005) HEEHHAE
7115 +599.5 No./mm? (mean + SD) (N=3) - FAP th2 & & 1373 + 926.9 No./mm’

(mean+ SD) (N=17) -
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B = FAP &Jﬂz 5 B A SRR R & IENF % & 2 B ol %

FAP & ch R # (5 % & (myelinated fiber density) £ % a4 47 5 i

(IENF; intraepidermal nerve fiber) - 5~ 47 H ApR {58 B - 3 —‘ﬁ ZRFEREFLD
M (p<0.05-1r=03958  N=14) - &7 4 4£if4¢ 55 % (myelinated fiber) &
ALY A L8 (unmyelinated fiber) 3 B EARAT & - R B F 5 B RAER

AR
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IENF density (fibers/mm)
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1

[ ]
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p=0.0231 N=14
r? = 0.3958
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Ble Fv5im?e i FAP g_.kmﬂ,%n%;fé _1_), /)./F’Eiﬁ.@

R0 FAP B =54 S ¥re 47 2o Tba-l LA 8 HRmgm
AR (A) 0 A 5% (endoneurium) ~ A 4 L (perineurium)  ~ A 5 fH R
(epineurium) ¥ & L% % ¢ F Jb o FAP & 254 ip (B~D) » fdd i p o
(endoneurium) 3 3 '~ F Uik R w3 LA LS F Rk (B,D) o adl g R
W (perineurium) ¥ em FRITF P OFRAGRER G R T AR F R (C)

PR ) 0 A P (epineurium) FOBLEFIL B PCHITHENF B AT

«ﬂ«v

(3 &
A n TR LELI F R (CO)(REHRE/) * B REHT ErEmbe

s g
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BI FAP & -ﬁ B o 2 ERROTELES

g

Iba-1 &G K % ¢ chim?e a8 #E {5 5 Mann-Whitney U test st3+ » B o7 o)
FAP & % thE sfin § BEF A4 (p<0.05) - HE L% 6 1474+ 1.233

No./mm?” (mean = SD) (N=3) > FAP ¢éh% & & 354.2 + 113.7 No./mm® (mean + SD)

(N=13) -
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0.0106
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ﬂu 0 0
0 0
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Bl= T % % FAP ?,iﬂ" S A g R IR %

¥R 227 FAP ,ﬁ,—‘ﬁ A TG S P S CDAS LR A Y (8 HRe
g = (A) o A 5N % (endoneurium) ~ A 5 & B (perineurium) ~ A 5k g
(epineurium) ‘¥ & f. B 4 ¢ F & o FAP 2% 4 5 (B~E) » & S]N 5%
(endoneurium) 3 F & & # T e LA R F Ik (B,D) 0 fu F OHIT
BESTRAIG LA LS F ez (BE) o A AN (perineurium) ¥ BELZ I 0

FF ARG F ohdere NI A w BT (BT &) 0 A4 KM (epineurium)

FAICEF AESLS F phwe (B,C) 0 f SR AL FHIT LR EETT

W R A_ R R BT <:'z.u_ ?‘m%"ﬂ@ﬁ% e ﬁ‘“ B

_-f

& o B '-'i*sf .

*1"? T G
| = “H{__“ﬁ
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B -~ FAP &*‘ﬁ T wme 2B R NI RS

CD45 R b H 4 ¢ time p3t 8 & F 4 > 5 Mann-Whitney U test $t3* » B )
FAP & % 1T e § B ¥ # 4 (p<0.05) - ¥/ 2% A& i 0.0+ 0.0 No/mm’

(mean + SD) (N =3) >FAP 1% & & 28.46 + 20.54 No./mm?* (mean + SD) (N = 10) -
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B~ =5 Sy IR B ke

e FAP B F e i o ra Ak 8 - L CD20 AR % ¢ 1 R ey
FAP 4328 A A d b od 2t Bwi %>+ humoral immunity » F]3* % 2 5 p

B A §F ARSI F e

(Scale bar = 100 um (A, B))
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B4 FAP %4 i A S epE e mre T dnfe ~ 3 BEEAY 54 e [ENF 2 fF e

M 4
(A) BEvscimiemiB m R e T imie 2B % B 2 [ chl 4

& FAP &% ¢ » Eviimne & Tlimo 2 ¥ cdp 100 S0 0 45 B 7 & R B EAR ML (p

=0.2099) (N=10) » A Eviim® e & T w2 2 BF ¥ 5023 3 4

s}
anbn
m@
b2
Nud
)
S
s}
i}
g

é’f‘lﬁi}ilf”‘;}'ﬁr‘%l] g &M
B,C) 1 MY A LR AR REE R w3 R ~T o %R 2 F b} %

& FAP &% 7 - Evilhwe &7 giiad *‘géﬁa?i»/i AR T R EEFL AR
(myelinated fiber vs. Iba-1 : < 0.05 1 1° —04(7)28 N* 12) > @ T ¥ Bl & & F 4P

B 1+ (myelinated fiber vs. CD45 p O 8563 » N 9) pilaloReLEgry: R

\ '

iﬁ ;fé i@ %3;‘« ﬁ_rﬂg('% 5‘_ IR,_L. #E} ﬁ.’g ° -*""-i:-],' 'ﬂ,.". ' "\:
[ il
(D,E) # 4 } 4 4 % (IENF) 2 A rg;yg T s B B 2 OB 1
i .
|

."r_.- |
A VAR .
= FAP EJ" ¢ FBogimie l’fk’ T mJ t@)i ’ ?S_Av\l’h' &Efri:”—bf’ IENF ;}Z’ﬁ ;%E%?#Bﬁs,@

} (IENF vs. Toa-1 : p=0.13405:N =11 ; 1ENF vs.CDA45 : p=0.7435 » N=9) » &

—l\

B 8 A dn e 2 | B AY S 8 (unmyelinated fiber) ¥ st i F OB 4R

41



$

°E o p=0.2099
£ 5o N=10
é ™
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B+ FAP &% e id i0enC3d AR % 4 %

$HP 91 FAP L% st il i ff b Ak ¥ 0 O3 AR KRS 5o A @
P Ulex kb § P A 0% » $R2amEg i i (A CEG) » #4 5p
(endoneurium) 3 AE RS F b (A) B FAP R amasid i o aAd g p o
(endoneurium) * ¥ HFRFI8A w FF CIdAAF LA R4 (B,F) » L RFEHE
FA (H) > 4! g &% (perineurium) & f § %4 7% 7, (B,H) - %7 FAP &

KA G bl F T AR D (T 0 P T LA C3d bRy -

(Scale bar = 100 um (A, B), 30 um (C~F))
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Diagnosis Biopsy ID  C3d of Endoneurial Blood vessels
Control N100 -
Control N107 -
Control N310 -

FAP N148 -
FAP N152 -
FAP N172 -
FAP N175 -
FAP N177 | -
FAP '

FAP

FAP

FAP

FAP

FAP
FAP
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