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Relationship between the histological structures of spleen and
its possible functions in the immune response
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dora & o] Fho] AN FAE G Aozt 4
2 o] e#iA e ¢8I A gx Keuning(1950), Thor-
becke(1953), Coons(1955)% 2 E-o] 8] (specific anti-
body) & AstE FRAAZE wAY A4 4
e i A 88 FAE AANFGozA uae] FAA
A71e] el A8 F o}
2y AAZ oleld 24 9 Qg wals) of
HAGE Wold o1gA dvtEA F 2 A4S A L
AR a8 FHAAA] g3 gle] Be odFAE
=49 2R Ha g

FALAA L Stz ¢ A gle 93 A Z(plasma
celDY 7198 2 2 &Alo] ?te] Fagraeus(1948),
Marshall(1950), Wissler(1957) ¥ Mellors(1963)%-&
FARAAZN A (red pulp)dl]l $ A sk A L reti-
cular celDoll A 7195 = o] YAANEZEL A S04
DA 714 whsl 4 Langevoort(1963), Movat
(1965) % 45197102 4 (white pulp)s] F# 59
¢ 917 & (periarterial lymphocyte sheath)el] 4] 3+ 9]
ATz 44 Adlge) =2 | 344 Z(large pyro-
ninophilic cel)7} A48} w49 AA Rz o] F(mig-
ration)3pb A FAA Fx2 B3 (differentiation) ] v}
TRk Adistel 2l |34 A 2= FHFY 9T
o & 449 (small lymphocyte)o] 4| 714=2-&
Roleta Atz . 28y o] 5L A4 W4
ANl A #AE PRAEF] Alzle] H e uiel
ooz o|Fd rluA ohwl a3t AAelA
F A Ao FAAEY FFA43] A AL
1A gk gle.
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@& W49 o w44 (ymphatic nodule) o] ¢l +)
o} %Al (germinal center)®] 7] 5o} o8] A& Flemming
(1885)0] ¥ Yoffey(1961) 5l o] 27 74x ©He AF=5
o] wjolgA & ¢l 913 A7) % (ymphopoietic activity)
+ 7 FEE(tructure)olsta  FAAdlrst sk
Mellors(1963) Hanna(1964)5-& &4 2 AAZE
AA e ZEeolgtx F4sta drt

e “ﬂ °}"§"99] TES ol E w4 EelA ¢
+ W4 (marginal zone)?] Fxof 8] A+ Millikin
(1966, 1969)¢] w®lmAd AA3 &t oy} =9
Bl A9 JAE Aok o] EA &
¥t ok

o] 33} Zo] HejgtAEe] T s} B FEBo] o
el A2 ANE DA HE 4 bt 3R
T2 Qe Aoln oAE $elFol WA zA o
el E 933 WA Eeln = Hot Ao QEA
o ohd7t Aol AAE vAe YA 276
FEY B¢ 2AH%A 15¢ Bao) 1w o AU
TEE Fozn vigdA guiA gl ggnl FxEol
Y€ THET el A& olgu A A6 wodul
S+ BA71AE Agsted Jlz4ddd A2 ATE 4
P& Aoz AuEo] o] dTF Agsiget

Mz W oWy

2AY Qa2 e A3 4 F4AHY wA
+ ¥Rt AAez AdFR 428D, FAGHED,
2AGeDA A AER wAE ALsiged, A58
AL SmmAE FAZ trimming 5}«  Alcohol-
formalin(6% formalin in 60% alcohol)e] 24X 7k W=
4827 AL 3 =45 Zenker formalin o}
4~5A 7 g5 . g F S Aol whed paraffin
ol E AA bp T o] dAH5AYE ukEYer AP

— 251 —




39 d<499-8 A&ste] Methyl-green pyronin(o]
3 M.G.P. ¢33)934, Reticulum g4 2 Mallory-
azan 945 37kA A& Az A sigl

M.G.P. 4 A& Kurnick(1955)9] #hge] wilg A&
#}9 om Reticulum o34 & vl FAA = 7 944
=& Gridley(1951)¢] w ez gM&§z Mallory-
azan 9 A& acid fuchsin, aniline blue, orange G 2]
34 oA (trichrome staining)¢- A -&3}51 .

d48 d&=AAAN L A uta} dde] R
2A¢ NESY T A H JeltE FL TEEY
9% P wid A WHE ddder FAS] S8
o T el AL Fgdted Feho JAA A4S
P Sz Arz ALda0

dEMHEH

A, &, A R B9 vlge] 2% 2%
2 579 “H—T—E ZJoayg FxAq WdAdE ZF
Zrell AL Fo)E AAY 47t Yo JALAL WA
g A FrEEs F¥eko Jesilz @5

1. =ayx9| o} (Periarterial lymphocyte

sheath):

A 5-Z(trabeculae) S vl vl R Eol & FHA
So] 4455 Rolrk4 ulge] AA(parenchym)& 2
2 2R Forla glgo] FAHP e, oef EA
3 4% Z v RAAAAA BEHE FA-5Y(central
artery)?] 2ol b4 49 ¥-F(small lymphocyte)
Lol EelAA stk AXFE ol F3 en, o4

E Aolole £8& 22 Az} g4A7 pyronin
o <A4e vEhlE Adlzlelzd | 344 Z(large
pyroninophilic cel)Eo] waj 2 ngon = 252
w} A&} Z (reticular cell) ¥ A EA4 &
bodies)S #i Y+ A4 A Z(macrophage)Fo] TA
H9th 2Pz J&d] FALE S FYFNLRTE
9] F# ¥-(periphery)el A pyronine] FAE& HvEplE
A% 9 m A<y AA E(mature or immature plasma
celDEo] 7% W= 9l (Fig. 2, 5.

ols}L Az FAHH Yv FUFAINTE
& £of A (reticulum stain) FEZANA nd = H
(reticular fibers)Eo] A 42 2R EAE =4 F32
wgslglon ojifEe] o] FX JE HATEE A4
o z2ARxd o AFAdoose)se] UL o] HAT
x9] E(interstices) AbololE B9 Yopi-Eol Fof
A =H(Fig. 9-14).

o] B-(foreign

N4 e FAFIYAFTRY FEE 44444
o FRaAeE woh FAEH] ARFE Helhe

AR ARE Ashel 7+ BAEY (penicillar or
pulp arteries) 0.2 FA & AAd] o]l &L Aol A
2 & gglew o Bt FAERE EARL 3L
= ENFIYTF2Y FERH hee dTE T
A% 9] 5}24 (lymphatic nodule) 5] &= A7t 22|
= EEe] YfaREL 1 2Ry el M.G.P. A
o2 1A (pale) < A=+ v o} 54l (germinal center)
5 gL g AL ¥ 4 YA Fig 1L 9.

Ay ZAENEe] YAFH o2 EAHE AR 7t
AR A o] FAFNE Foi % U FH A shTEAA
e 4o A4 9 uASPANLEe] Fdsted It
o 29T E I8 247 HAH e, o] FHAE 2
Aol 4wl 2 $H0 FAF dopTaelA &

& e Al Be ARE Fagife(Fig 10-
12, 14.

2. ofutAz(Lymphatic nodules) :

7 delaAEe 2 2yt AR ges 1 B
= AALNA g 49 F& B9y S ol F 2 N
QslrA e FuldelE 4 299372 TAHA
Qe AgFHo] Agod oJYRTEHEL FTRAFAUA
Tz d&se] ik 2 g d%aAE
o] o} 2(center)o] & M.G.P. Q14 Aol A ¥AI (d&HA)
JYHE WolEAL & 4 gdor olwelsAE T

AALES $F % Y2 2t ARz FIAL AL
o Qotsh F Sl AR a1l Al 9
£ 29 AT AT Be FAATE 259 ALA

z 9 :L/""r‘-/] &9 572 TAHe Y& light zone
s} pyronino] %4 & JehlE AzAL A 749
235 279 AT @ $HAzE TAH Sl
dark zone &2 TR 4 qglth. A o)L 4
A& M.G.P. g4 A4 74 FeaiA 22E 5 A%
on, dark zone & 4 FAEHAAN L AAEF
A @as]glor, light zone & dark zone n} o9 gl
o] MEo| 1AL JERAE & 4 A (Fig. 1, D.

WotEA o] E2e] N AL A4 AW
HFolg o, wufz o] TAMPFES) ¥ F(marginal
sinug)el 4A= o] glE Aol WAHAG. 2w 29
e g ZAFEANA 2e welEA L Y dA
A} 8-(reticular fibers)7} 59 F9| A a-T-Ze] w8 F7]
= ulgeht o AQAZE =$ AEA 22 SE
AL & 4 YsH(Fig. D.

3. HoAi(Marginal zone) :

Eol§t AzE FAS Y+ o] HddiE AAZE ¢
2L 7R Qe Y4 Ful Py JAEY eH,

dei: W49 o245 FHFHYATEE F

ﬂ*iﬂri

AAA Wash A4aoldl AAE ol T2 Qs




o]9p7Ee A& M.G.P. 944 A o dAslA 7
¥ 4 A2 (Fig. 1) o] & FA 3t Qe A ZEL py-
ronino] °fgk A § Hole Ao AXAFS FH4A
o] AL € ¥ 9 1~271°] HEAE 7H Fold A
% ¥ o) Al £(marginal zone cell)24, Y}4A 2] Qs

T YT 29T PRAEebe ol Qs

P = o] X} Aguo] A& RAE ] ghghet
(Fig.4,6). 2213 o] WA & P4 F2 o] Folal st
2wt & w4 f-(reticular fibers)who] o] ale] wj4-s}
W3k QL W& (inner layer) 3 A 43} w3l gl 9
% (outer layer) 2. 2 1130 & glglom olshte 27 e
Mallory-azan Mol 4 v % FelslA] Fasigdrd. o
23 AN G o] ¥ o F(marginal sinus) 2
2AYRE Wz g9t dstaAe e e
Hade ol o] At widde] TANLE] Uutad
o dapTEer a Ao glo] g AE
A BREAA = kot A4S ok g 9%
7H Q3 FETAE M.G.P. A4S T Anl&zto} 42
B2 vmA LolstA FdE gl

= W dd o] 2 &(outer layer) = ] §5lo] A & A
G912 AAZ £ ekx gstert pyroninel] okAal 4
EAE ZA e ALz T43 o] MGP. 443
£ A gl A oS FolstA P}t 2y
I o] F A AEY 9 2AdREe] thg Ay
gdom o EE & HAEH dAdEe] AL B &
QA2 o]uke] A 2 Ealo] (extra-cellular space)d] 4] &
A2} AGT 2 FHTAYETEo] b ks
ed oldAe £AL Wdde WEedAE & 4+ ¢
A 271 (Fig. 6, ).

B dstaA )] HAddod A HEs 9 Falo)o]
A2 gle FAAFEE 2949 2 Mallory-azan
Aol A 2 o] HfEe] FRFYAT2 Fy
Fol A #AHE FAA T} A4 YT B 4 3l
ok (Fig. 7, 9.
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vl el A FAE Qe gAALY S 9
2 &Ad FAAE AARE B AT g =
olsle] @ 3 9lrl.  Fagraeus(1948), Marshall (1950) %
< ulAd AFod e G4 ZA A J LSz wast
3. Fagraeus(1948), Coons(1955)5 & o] & A A L E-o] »]
Ao Aol YL wadz glom, & White
(1955), Mellors (1963)%5 -2 immunoglobulin &
S e FAAZ Wl FATR A4 2] DR
Hl &€& nasta FAAZY AR welFA

Aeolehs A E Fo g+ Aolrh mejxm o4 A5
3 wlelFAd A FAALI JQHAGE AL g
ATAEY 28 dx glon = B F5d o9
AT AAdelH L & Aeleh. e W49 FHF
stz 7t G4, 2Ea ANz AY B} o
2A8 BA Aoz FAY vart gAdgE g9
w Z o} 214 Langevoort(1963), Movat (1965)% o]
E7 wA FNFNAST-E4 Y AT g4
PAE Aol 2 [ZHAZE FAsIL o] LE
o] FAE AAsle ANz FaRdE pad &
TA971D0] A AT W} FAE Zm YA FE A
AFFHAAE AL AGdA, = 7] gL o] $
F A5ATD Aol v BFYF T2}
PAAZGA] Bt BT 8 FHFQ
72t FAPYA L FAAL] S L3919} DA
g BA &S FAS  FE g o] Ha gl
et o] 5L FUFAd TR FYH YRAT
7t At W EAA o) EYdelgrr)l JRoez o F
A B o]x=Rd JH4 AAe A HHAE A
<=} gl

gl A AFelA #ZEG 27 F FAAEE]
H 42 w4 (cord of Billroth)o] A& A A Ea(gt
AMEFRS] L4 ol FAAEE AYH F
A9 FHEE gy AR T 53 o] FAFY o)
7Fe H A% (penicillar artery) 2.2 %X 3 =) A4
7B7E B3 F FAFH] gaxRA th4e] g4
27} %25 4712 Langevoort(1963), Movat(1965),
AU A% m|Fojrel AH9 FTHF g}
TZoA AR FAAZFo] Rx e FFE o)
T2 oJFH e 24 Q¥ Aol Fu3 glort o
AE B fslAde woe Agubges 4
g aotel o\ A Fo)l WA Aoz mqlel

TH gL dTEe] YAANZ 2R o] il
€ 2] Al BAFY G wusia glot A
7 #A Az oA A vkl o] FAA X
€ FASY FPYl A BAn Ao, = FAF
A BEF7F FUFNLATES AL = 2G4 A
A Hole HAFF L WEge] A} FATZE o %
I8l AL mlFo] mol o] F wgm gIFgrls
A€ AAZ € A% YAAZE 40 ohg Wgo
Aul A= Yt A 5ot "

H Ao (marginal zone)o] ZA A Fxo] tfafA =
Klemperer(1938) o]% Snook(1950. 1964), Millikin
(1966)50] ®3d u} gleo} AYd T2 A4 B o
g AL A gl
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2% Millikin(1969)¢] ¥ )5 perifollicular enve-
lope %3} outer net-work of vascular sinuses o2
o] Adela o] $FL Mo1FAE FAAL gna
A estgd e olgge £HL2 AR JAY A He o
Yk L SERT LA DE N
AT FURALATEE FA FAR 9
g AEE A &2 9E43 outer net-work of
vascular sinuses & & A=al7t €3 Adde) &
(outer layerdol 4 w}4-2 A AL B HFE 7]
<ol IEAHE FAE F 4+ A :

S EEPEER IEEEEREEE SRR X
w 2] Keuning(1967)¢] W v ] Al &L X-irradia-
tion 2% WL&31A ko)l X-irradiatione] ul7F5HA
sk 24997 E GE %9 Axd Ao
AL vz ged ojHL Ayt TAR AZHH
o Aol e B4 VAN FE AR 2 4 Yok

3 B 5(1972) 3+ o 2 A Horseradish peroxidase
% FAG FEuAAA FAF 247ke] HR.P. FAA
2Eo] ojiddel A T4 e AFHE 2ad
ul glom] o)A ARt BATY 47 F A 4
ZoA 4o AE d 2AYRFA AJAZE R
sdche 245 vl as e 9§5(1972)0] & A
HR.P. $AAZE A7} B3g ANz T4 Al
25} ohdst A7E E o] e v Foluel Ml
ul o] glolA AR FU& xAsE F&29 FH4
bt EAL AR AezA Foz o Madd
B¢ 47 ASHelel ¥Rz Yot

u) g ol EAe] 2% Fxol el AL Millikin
(1966, 1969)¢] light zone 3 dark zone-& -T¥3}d
Aeut ot olAE (3], orientation)e]
FHAE 71&5A gz g 24P 2R £
= dark zone o] FAFHAA FA FHAEF] R
i 9)glen], light zone & Wl 2 ol nr} wiZe] A
g3 24 G AddxA@IFAE)NA & F 3
= wo}EA Y FE2(RF ¢ 19714 Millikin: 1966)9} 7
gtom olle] wWguwsrAdA dF WAE 2
g o4 m=x gd

zev} wiAe] YaAdE Jdste dele] WA
2 E9A AdstE Aol A st & ol el &
28 o 4 Y€ T2 £471 £4 75 —light
zone—dark zone—»EH FYAT-E £AZ Ho A&
& & g ¥ Y AAAIFAe Sainte-Marie
(1968), AE971De] A AstAd] gleiA = F
ZE29 ule44] & JutE-light zone—dark zone
—paracortical area A9t W@ e] A== FHol

3t et

ol A3 e AFAR Hol wAe] wolFAls T2
uelvh 499 AYFE AR FE ol ¥ + 4
A=

A wolEA Y] 7%l HsAE Yoffey (19615l
AP L o] 8 AGNA WhFAL AhTFAA
715& AR z=A) el g FA4%d 4 A Mellors(1963),
Hanna(1964)5€ ¥4 2 IAALE Il 24
olela A5t gler Jacobson(1968)-2 wo}FAlel

A Y4 249937 A28 A9 d3Ae AALE
“memory cell”el ZHolglz Basla gloi, A wie}

A9 A% FAE Be AHAFE P2 e
Heleh

n]

=

Aze Aw, &£, 8 2 279 vFE Ar2dld
d&4zAAN e i AP A5AAS Z2 M.G.P.
Mallory-Azan, Reticulum ¢ 4)-& A3} &% #33n]A
el 4 AR AL F AS FF AL 24
=t

1. FAQAAZY sp}el FAAZE FA4F5Y(cen-
tral artery)& #3159 34 o 31 & (periarterial
lymphocyte sheath)e] F¥3-E wlebs] HEE o] glo
ZAEHe] wxy F 345 (penicillar
artery)e] 28 1 A FHFHEAA s Bl
FAEG} o)L 27 FAEH LY FUYF
Yo rast Wge] A TEst FU¢ o=
Ro}l, 2P E FAMAEY £AQF¢E s WA E
4 9 Afe] AARY-E HAAFT U

2. W dd(marginal zone)¥ ¢34 (ymphatic
nodule)st FHFNYFTEE A EANT Yon
ol )& ¥l od E(marginal sinuses)¥ XA ¥ A (ca-
pillaries) S T &332 g+ B4 F(reticular fibers)
"lof] o]5le] W& (inner layer)$} <] % (outer layer).o.
2 drolA 3 g FfAe ge 49 AYHAZ(mac-
rophages) @ R} d H(capillaries)o] FHA5]9]<}.

3. W d)A Z(marginal zone celD¥E Fold Az
A, pyronino] g A2 el 43 AXAFA G
AAe]l A9 g HF 1~ H£AE JlFer o]
e}l Axe 377l AL &98FY XL oolurd &
BAqEstE GAAY FHolzw Adbe] HJA

4. v} o}ZA] (germinal center)+ light zone 3} dark
zone 0.2 A Y=ol 9ld.ox] dark zone & A FA
Edlo] FhghAl B2s gl 2 light zone & o] FH o4 g}
Eo) A5 -

2]

H 59
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ABSTRACT

Relationship between the histological
structures of spleen and its possible func-
tions in the immune response

/e Prof. Sae-Jin Rha,
\Dlrected by Prof. Myung-Bock Lee,

Ka Young Chang, M.D.
Department of Anatomy, College of Medicine
Seoul National University

M.D.\
M.D.

The spleens of human, ox, rabbits and rats were
studied histologically. Serial sections of the tissues
stained with methyl-green pyronin, Mallory-azan
and Gridley's silver method were examined carefully
in regarding to its architecture and staining nature
of the composed cells.

Pyronin-positive plasma cells were found to be
localized at the periarterial lymphocyte sheath which
surrounds the central arteries. The cells were more
numerous at the terminal
arteries.

Two distinct layers, the outer and the inner, were

portion of the central

recognized and the apposed borders of each layer
were separated by the reticular membrane which
contains numerous marginal sinuses and capillaries.
Composing cells of the marginal zone characterized
by the small amount of pyroninophilic cytoplasm
and lighter nucleus were different from the small
lymphocytes and the macrophages.

A number of macrophages and rich capillaries were
observed in the outer layer of the marginal zone.

The so-called dark zone and the light zone of the
gérminal center seemed to have constant direction of
the arrangement, that is, the dark zone was located
always near the central artery, while the light zone
was far from the central artery.

The possible invading route of the antigen in
relation to the structures were discussed.
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Explanation of Figures

Fig. 1. Low magnification of the white pulp in the spleen of a normal rabbit.

P: periarterial lymphocyte sheath
L: light zone of the germinal center
MI: inner layer of the marginal zone

D: dark zone of the germinal center
SL: small lymphocyte cap of the lymphatic nodule,
MO: outer layer of the marginal zone

M.G.P. stain.
Fig. 2. Higher magnification of periarterial lymphocyte sheath of the rabbit spleen.
Arrow: plasma cell, C: central artery, M. G.P. stain. ’
Fig. 8. Higher magnification of the germinal center in the rabbit spleen.
D: dark zone L: light zone M.G.P. stain.
Fig. 4. This picture shows the junction between the red pulp and the outer layer of marginal zone
including a number of pyronin positive marginal zone cells in the rabbit spleen.
M.G.P. stain, X 450
TFig. 5. One of the small central artery surrounded with the small lymphocytes and plasma cells in
the rabbit spleen.
Arrow:plasma cell M. G.P. stain, X 450
Fig. 6. Higher magnification of the marginal zone of the rabbit spleen
SL: layer of small lymphocyte MI: inner layer of the marginal zone
MO: outer layer of the marginal zone M.G.P. stain.
Fig. 7. It shows the reticular membrane which locates between the inner and outer layers of the
marginal zone in the rabbit spleen.
MI: inner layer of the marginal zone MO: outer layer of the marginal zone
Mallory-Azan stain, X 450
Tig. 8. This picture shows the terminal portion of the central artery surrounded with a lot of

plasma cells.
M. G.P. stain, X 450




