918

b MBI 00 A transneuronal degeneration:
Bl U R TR EEIRR T B
HREIK B E PRElm o i

BB AERMPRTT RGP FERELIMT (EAE  EEFUEE)
E2 R #®

Evidence for Transneuronal Degeneration in the
Human Spinal Cord: A Quantitative Pathological
Investigation of the Neurons in the Intermediate Zone
of the Cervical Cord after Long-Term Amputation of
the Unilateral Upper Arm

Hiroshi SUZUKI

Department of Pathology, Brain Research Institute,
Niigata University
(Director: Prof. Fusahiro IKUTA)

Does transneuronal degeneration occur in the neurons of the spinal intermediate zone
following the degeneration of the anterior horn cells in man? To clarify this problem,
we gquantitatively examined the neurons in the cervical intermediate zone of a 56~year-old
patient who had suffered accidental amputation of the right upper arm 38 years prior to
death. Recently, we reported that the cervical anterior horn cells of the patient were
reduced in number not only on the amputation side but also on the spared side. The
present study revealed that medium-sized neurons in the cervical intermediate zone, which
are supposed to be internuncial neurons, were decreased in number on the spared side
as well as on the amputation side, and were mildly decreased on the spared side compared
with those on the amputation side. These findings indicate that retrograde transsynaptic
degeneration occurs in the internuncial neurons following degeneration of the anterior
horn cells caused by amputation. In addition, degeneration of the commissural neurons

in the intermediate zone may induce degeneration of the neurons in the intermediate zone
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and the anterior horn cells on the spared side.

Key words: Human, Amputation, Transsynaptic degeneration, Spinal cord, Intermediate

zone
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s, KB (378 o3 >4 L (Fig. 1-a, 1-h),
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EfExn (HBEE &L, cheakdTtlRLE. ¥
o Es L XBorEMRS (SEEE 200 pm? O
LRGSR RS, BRCE, 777 2R LT (Table
3, Fig. 3).
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L ORI & LTy 7 (Table 1, Fig. 1-b).
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Table 1 Sectional areas of cervical gray matter in Rexed s laminae V to VIl and lamina KX

FREXAMHE H1075 FLI0E FE55108

The gray matter of cervical cord was divided into 3 areas which were
Rexed’ s laminae I to W (posterior horn), V to VI {(intermediate
zone) and lamina X (anterior horn) in a control subject (a) and
in the present patient (b). The sectional area of the anterior horn
was markedly reduced, and those of the intermediate zones were mildly
decreased on both sides in the present patient (b).

7th cervical cord. KB preparation, X13.2

and number of neurons in each portion. The unit of sectional area is “mm?”.

Sectional area Number of neurons

Control subjects Present patient Control subjects Present patient
(n=4) Rt. Lt. (n=4) Rt. Lt.

Av.xS.D. Amputation  Spared Av.+S.D. Amputation  Spared
side side side side
Rexed’ s C5 2.807+0.480 1.928 1.923 5854185 505 518
laminae V-Vl C6 2.820+0.362 1.982 2.101 5764185 489 589
(Intermediate zone) C7 | 2.300=£0.464 1.662 1.845 526+ 97 355 490
Rexed’ s C5 2.397+0.189 2.098 1.694 138+ 40 110 123
lamina X Co 2.399+0.337 1.981 1.733 130+ 31 101 116
(Aterior horn) Cc7 2.081%0.395 1.504 1.514 141+ 52 58 106
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Fig. 2 The neurons in the intermediate zone appeared to be
shrunken not only on the amputation side (c) but also
on the spared side (b) as compared with a control subject
(a).

7th cervical cord. KB preparation, X380



BAR e PO A
B SR B i

7= (Table 1, Fig. 2-¢). 4 7/chh, C7 TldMMlafkkr
TERE 900 pm? LAF OfHMEMIRROR, C6 Tk 300 75 800
pm? ¥ COMGEMEER, C5 ik 300 A5 600 pm? D
BB S A LT, (Fig. 2-c, Fig.
3. AN, ETEflorEFE Ty, C5, 6, TOL
~b & MR AT IETRR 400 2 5 800 pm? D FEEMR D
FHEA Lo, RHEHREMRERLORE R, C7
Yl cR S EBTH -1 (Fig. 2-b, Fig. 3).

1,000 pm? LL_EoXBIOmEMREE, WOl JE
YT & S XTFRBI & LS L, Bohiliz L binich -
7= (Fig. 3).

% £

BT £ 7o iR M O BRG], kL oe MR
YTAlic B3 AR - %I, BEWRSOE I, BES
TERELBEINTWA. & it NTRIEISES
DOBETHAMROE® AR LAY 2, fifafiao
ERBALR A IREAT® 355, LrL, THP
RO B Lo TOHREIZhEF TH bR
L

FEEFIOBBRRE L, TEITIE C5, 6, 7L
& b BRI 300~900 pm? O Hh &k FEL i
DA LT e, MIRERTIERE 1,000 pm? DL EOKHY
AR, BBAREEA LR 1 (Fig. 3).

AEEFITIE, FOWFE - JEIRREN & & R RIET - BT
FOMWEBE AR LTuviz (Table 1), Fhix, Tk
fTix, WERETMNC X 2 ATAMROBE 0%, & ol
RESLOER, PR EOD EE L LRI
— Il cl, RO S Hhe T, BE
HFHERRO 7 — 7 —FHE, & LU H O D 20
LT ORI M DR~ RO B BEREEDD OF
Wiz X 2D E 2 Bt

FIEFNC B0 5 AR O U — 5 — B - R
OB OB W T, #EKRY — 5 Bl oE,
transneuronal ICHIAMBCERLE U & OBER
DA B, £¥Y, Kanemitsu, Tkuta' 13ARE
BRI AT O RIARLAHGIT, — Mo KEFHEI TR
MELTh, BHMKAETE, £TOBEMRCmL P
ERIAbREr - EEFBE LT, Zhicks
i, REFITL, IR B 5 R0 & FREO
MO S K& XiTiE, KEEHBROY -5 %K
OHEBITELBILS>EELLRI.

FRIK VEOFME T, 88D R AT 5

Table 3 Number of neurons in Rexed' s lamina X in 200 gm? increments.
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R O SRR, BERALOATIEZG, M
HREAEDT24L0055 L0098 KEF BT 5,
BAREMEIC & A R i AR AR A D FTREME I
DT, R 2ERRYHFCELT, BIBRTE®TY
RUAMNIC TR b, ERAEENY A E
AR, FEBUMoB, ROEEES Y72
& %9 % spinocervical tract cell WITEMA 4 Ul
oot &R R T VA, Thb bR R
ik, #IBZEM £ A transsynaptic degeneration (1
ZqknEELZLRD.

NIE= 2 —u Y OBMBILFMRCA LS, LYK &
LEEREIELLRRL. LT, FEORRL
InE TORELBET E, AESTE, TETRETE
Mo FEREEOZTM (Fig. 4-a) CL-THhE=2—
@ v @ retrograde transneuronal degeneration (Fig.

4-b) BEESh, | TEAOTHMKAE Y SZHE

Fig. 4 A simple scheme on the possible pathomechanism in the
cervical gray matter of the present patient. Retrograde
transsynaptic degeneration occurs in the internuncial neurons
(b) in the intermediate zone following degeneration of the
anterior horn cells (a) caused by amputation. In addition,
degeneration of the commissural neurons {(c) in the
intermediate zone may induce degeneration of the neurons
in the intermediate zone (d) and the anterior horn cells (e)
on the spared side. Moreover, a possibility of degeneration
of the anterior horn cell (f) on the spared side by antegrade
dendrite degeneration extended to the amputation side (g)
was also suggested. However, the mechanism of transneuro-
nal degeneration between the internuncial neurons in the
intermediate zone on the amputation side, and degeneration
occurred in the dendrite of contralateral anterior horn cell

were quite unknown.

Thin dotted lines indicate the degenerated cell bodies and

axons.
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HDONFE= 2 — 920 g L (Fig. 4-¢), Sl
DRFE=2—n v (Fig. 4-d), AiAMR (Fig. 4e) ~
LEMRER L EELZ R 1, FEUEHORTE
fla (Fig. 4-f) » LU~ O BHRERE?D oF
t (Fig. 4-g) L AHEBBERFLEL L.

Z OB, RHEEREMR OB ORE S, MR L 0
FETM I TBRETH - o 2 Lk, FEIEONE= 2 —
v OB [ TAE LD THDL Z &
ERBLTVWA LY Ebhi.

¥ o PR AR R S OB 1, BOMRG - FESTMTRY
FLBBELILLAATIE, C7 TERLAMEL, ZHIZETE
OFRERA—ThH-1e. ZOZ Lid, PR, HAD
FEORE S EECHETAILOTHLZ & &, Y]
WroBE, HFEEMETK oS &R C7 HCh, C6 ik,
L0EDBSLIEERLTLA.

FREFIC BT B HIHE L O RER Mo BIO#K
Ao Lo, b OREESREEEET 5 &, DRI
MR AN, MEL, NME=2—2 Y ITid retrograde
transsynaptic degeneration HR U, & bIiZIEHE M
OFAMIC b, TEEONE= 2 — v v OBEMPHTH
B S oftREREOEMIC L % transneuronal degene-
ration A4 Ufg5 = L piek < R & i (Fig. 4).

b b, YAOPhREERICEBITS retrograde trans-
neuronal degeneration (%, HEHZERHMTHE O 4K
Rk & UMDY, v rREERBROE
B, ¥ ooy FUREEREROILEAAMES i«
ETHEIh TV A,

AHEIZ LD, FHKBEOMEMIC L retrograde
transneuronal degeneration »4 LB 2 Z LR Eh
To. 2oz &id ALS AEEYY, Polio BBRMETHE
EMREGT® kL ERRICHTAMR, SN E= 2 —
o v 2 retrograde transneuronal degeneration A4
CTWwAHHEH, & 5ic Polio #OER4 2 MU
PR, XUoRTAMEC transneuronal degeneration
DE U Z S K ARRENE, &z Bk

L Lichs, B Fig. 4 T?2v—27TmRLIAEL
5, YIRS ONE = o — o v IR IR A
faotReEe, Bl oL s iflifigEsict -
transneuronal degeneration 74 LB A D0 k£
HEEDLI LBV, SHROMRI/FILNDLEZAT
H5b.

Bz bbb, BIFEDLRIEER o
rRaEF LRt HELERCER LT %

fo, EEERE S o EE LI YR R B
B v g — o WIERBESIC O LB L E
T EHLERMORE BWEERICITEERHED
BEBE LAEVGREE, EihMk—EE FIEX,
MNELR, SILRTF, BEEF, Mgy, BR
#iF, KEHBT, BREFET ARFEFERCES
KisBmmEs» %0+ L., CCwECHlSL
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