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Immunohistochemical Studies of Microfold Cell (M Cell) and Lymphocytes
Enfolded by M Cells

Norio Miyashima

M cells are located in the follicle associated epithelium of Peyer’s patches, and
they transfer antigens from the intestinal lumen to lymphocytes and macrophages
enfolded by M cells. Therefore, which lymphocyte subsets are enfolded by M
cells is unclear. The author studied the lymphocyte subsets light and electron
microscopically by the indirect peroxidase-labeled antibody method and employed
the streptoavidin-biotin system using anti-mouse monoclonal antibodies against
Thy-1.2, Lyt-1, Lyt-2, L3T4, and I-Ad antigens.

Light microscopically, Lyt-2 positive cells (suppressor/cytotoxic T cells) were
more often seen than L3T4 positive cells (helper T cells), and I-Ad positive cells
were seldom observed. In the subepithelium, L3T4 positive cells were predom-
inant.

Electron microscopically, using the immunoperoxidase method, the pattern of
lymphocyte subsets enfolded by M cells was almost same as that of subsets
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observed in intraepithelial lymphocytes at the light microscopic level. I-Ad posi-

tive cells were often seen near M cells.

I-Ad positive product was observed at the lateral membrane of M cells. This

finding indicates that M cells express the Ia antigen and play an important role

as an antigen presenting cell. (Accepted on October 19, 1988) Kawasaki Igakkaishi
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Peyer fRIOCINAL Y v < Ughavk, H(LE Y
v 3EE (gut associated lymphoid tissue :
GALT) & LT, BERATREREOEE K
HO—MWAEITILTWDH. ZhbD F—a%
BT 50 vglaogksE FRiila (follicle as-
sociated epithelium) fEjc S L BRI HAE
L B&fE A > microfold cell or membranous
epithelial cell (LIFMMifaE +2) %, BE
AR X h £ L 7 OMEPICE Y A%,
iR ~HHa (antigen presenting cell) & LT
PRE#R * NETHY) v ~<sr7y~—
O, AEOY VAR ECEELTWS.D %
Tz, NEWE B, Peyerfiik X OV
Y voiglanias EEMRRCIZS DO Y vooER
(intraepithelial lymphocyte: IEL) 23/ E L,
BERE W HlcoT WHE EXxBRTH
5.2 5E4%, monoclonal HifkoF#EC v
o GALT 2 BHT2 Vv Ry 72y b
oW T BB s h s X5
Ttotc.

LasL, MfilcHEIhICY VRO 7
oy MCET A REEBEC X 2 WEE L, <
7 AMAMIEE FOHERH S 523 Tikig\,

A A% 51k, monoclonal Fifkxw Hv~< v
A Peyer #id ) v ARERD H T £y PIZDOWT
FEHERBEY TV, ER MRS MR
WEEhi ) v 3k O R TR
WixfT-T, GALT 1@\~ C initiator & LT
BE B x a1 5 MilaogiEc DT
L.

MHEEHE

12~13 Ei o BALB/C white mouse M
8PE% = — 5 AR T CBAE L /NE Peyer
WEfHHL, —#H X —BEEEAH C2.5%
glutaraldehyde [HE L 7z, 13 AL i b22
AL LCHEBIC periodate-lysin-4 9 para-
formaldehyde (PLP) ¢ 4°C iz C 4 ~ 6 B[]
EEL, ZD#H7.5~20% sucrose jjpy vk
#EfEw (PBS, pH 7.4) TP, OCT com-—
pound WL K54 74 A—=& ) — )L
T A L —80°C T {fE L 7= (Table
D). GRfEEA%Y cryostat iIo T6p Ic@HYL 7
VT IVATA FEHAL Bzl Zhic

Table 1. Material and fixation method

1) # #
BALB/C white mousefff 12~13:H#
(2) =—F AT C, B Peyer fig
BRI, M0 L (5x5x2 mmxk)
(3) PLP E®E
PLP [ (periodate-lysine-4% para-
formaldehyde)iz T 4°C, 4R:EHEEEE
(4) # & @O
1) 7.5% sucrose-PBS.-..- 54, 30M
2) 7.5% sucrose-PBS----.-12~24f4]
3) 15 % sucrose-PBS:----- 12~ 24845
4) 20 % sucrose-PBS:----- 12~24F5 [
5) 20 % sucrose-PBS+10% glycerin

(5) aH, i
BAEE R @EAI(=0CT compound) g,
Wk, FSATARA—=% ) —-NIZTEE
wiE, —80°CCfRAF
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Table 2. Technic of light and electronmicroscopy by the indirect immuno—

peroxidase method

(=i A(EiE379)|
7VAARy FEEY): 64, —30°C, TAT IV
A 7{{ F{#E
YRt (311%?{&1 FE AR
OCT compound ¥ (¥4 PBS, 543fd, 3M[ED

|
<N HAMH: peroxidase BHIE>
@ 5 mmol @= v RKEKER (102H, EiR)
® 0.3% Hy0, 2 % /f)l/ (550, =R
EEmMEXHT, B GO, =ik
% PBlS tin=a

<HURPLIASIL>
1 &btk Ig%’fiz 'ZCX monoclonal Hifk)--- 12~4Hf

VRVETINGS EPEEP BT » + Ig F(ab’)e) 4 1Kefd,
(HRP i~ v = Ig F(ab’),)
%5 PBS P {5 43T, 31D
DAB-H;0, IZ X 556 ({44, FiR
KB (5i@ut)
AF =N 7)) — v EEE (955, ERD
Bik (=%, —1%, xylene)
E2) l A
B ’ 2%

(B o (RBED]

FURGARIG E TROGEEEACEE T
% 10% sucrose PBS ¥t (1040f, 3[ED
l

% 2 % glutaraldehyde PBS (5 43fd)
)
% PBS ¥ (520, 5EELE)

|
<%ts, (Graham-Karnovsky 7#£)>
DABYE weevveeeeees 304 M, =ik
DAB- H, 0, #1091, =ik

% PBS B és 4R, 3D
2% osmium ?&lﬁll% C1ref, =D
% PB% Y
JiK (1;/ — AR
e (mflahf VH T EN)

HE (la AMD
%E%@Jl}%‘f‘ﬁﬁ‘i
(&) l %=

monoclonal Hifk% f\ i BERPLAREEE RO
biotin-storeptoavidin system # {#f L T ¥
BE, BEEEALIEEL 72 (Table 2) D pPyEM4:
peroxidase @ fgpFE X, 0.3% HO, 2 5/ —
L 542, Smmol iE= v FEEE Na (NalOy)
05 FRICTHFofe. TR¥ER, H~v
A monoclonal $ifk Thy-1.2 (pan-T cell),
Lyt-1 (pan-T cell), Lyt-2 (suppressor/cyto-
toxic T cell), L3T4 (helper T cell), I-Ad
(B cell, dendritic cell, activated T cell)—
Becton Dikinson #—% H\», 4°CizT 12~24
RERISIE S R ic. BERIUAMEDRL, 2 Kkl
L L T peroxidase i anti-rat Ig F(ab’),,

anti-mouse Ig F(ab’),—Cappel #+—%{FEHL
4°C VT 4 B8 Kl X €72 # 3, 3™-diamino-

benzidine-4HCI(DAB) i T X w7, YBE
ERIAF—L 7)) — VRGP fTo g ) —
WRBIK O BI%E Ui, SeREBEEA
DAB 304y, DAB-H,0, 103 F %, 2 % osmi-
um 1RREEREIK, =8RvH 7w g
HWYIL BTHRE L THhT allE FEMEY
F\EZS L #-. Dbiotin-streptoavidin system
1%, Amershamgl % {#if, DAB FAt O
TR B SRPUARIBE: & RRRICAT » 7e.
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D B E
< 2 Peyer {13, —BoO LEMCHE
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Fig. 1. Light microscopic staining of Lyt-2 positive lymphocytes using peroxidase-labeled

antibody method.

EE (B15% #$ 1% 1989)

a. Lyt-2 positive lymphocytes are often seen in the epithelium, but rarely seen in the
subepithelium of the Peyer’s patch (methyl green stain, x400).
b. Higher magnification of Lyt-2 positive intraepithelial lymphocytes (methyl green stain,

x 1000).

B, AZBc v ERIh
7oV voIBRAES L
MEELTWw5., Zhike b
Peyer #x s X OV fl3L V v
AER L RO RER R L
Tw5, RENEHT-1
EATIR TR T OB
e fi o> il & 5 B XA
S h, Vo ERMRE O R
Hwcy v R KB 0O
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F 2 REUED LT X1
control A -C i 58 ik
¥ L OMHBROIF IR, #F
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B L BERCk e Bo b

Fig. 2. L3T4 positive lymphocytes are more often seen in the

subepithelium than in the epithelium (methyl green stain,

n, B L T, 2
DIFFERNEIGE, PR
peroxidase o FHIE & LT = vEM I int
HyOp 2 2 7 —ARFRHLICHE, 11T £
FHIEX hic. Lol HiO, i@ X 5 Mifafs G E
BERDBH, ZOFRIBEBEERTLHHEAL,
HoO, BEIL 0.3 BENHY L 2 bhic.

% 640).

HBEBETD Y v RBROY 7+ » P EFITHE
DHRBEE (W), BEDLRB(+), B
Hhiews (=) & LT Table 3 @R L 7.

Thy-1.2, Lyt-1-BEe:Mad, mMEsRE
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Table 3. Lymphocyte subsets in mouse
Peyer’s patch

Thy-Lqut-lLyt-2L3T41-Ad

intraepithelial
lymphocyte H# # Ho +

subepithelial
lymphocyte H H + H +

germinal

center + + - + H
H: Fe@Ropbhd +: BRDOIS
- Rdbhion

ADHHR, THRFERE Sh s HERESE,
BRI EBERD b i, Bhdk X
QPRI K DBTH - 1.

Lyt-2 (M, Thy-1.2, Lyt-1 &3
IEREE, DEAE EEMRREC ML T
7223, KEEEEER X OBERIRIE 2 4
¥ TH 7. Figure la T Lyt-2 BRH:H
fan iz LM SHR DO ERET
DR T 5. Bk bRy v

Fig. 3. Routine electron micrograph showing . — .
an M cell (M). The M cell has short and A RROFEABE T (Fig. 1b).

sparse microfolds and it is enfolding lym- L3T4 GtEMifar, < A¥wE Bk
phocytes and macrophages. Bic bR Lyt-2 S B LT X DB D 4
fEmL, ERETOR

PEE A BT S HED b
nLyt2 X D EE LD
T (Fig. 2).

I-Ad (R pEfifE 12, B
cell zone Er NI 5K
Hul, IR AR
LT, pHTEHs
A bR RaR, FEE A
B A LT,

2) BEHBEE

—iEEEE T, M
ikt Figure 3 o = &
{ Peyer g o #iz& LBl
faoic, 5 <K\ mi-
crofold A3BRiIC A L 7
REWBEYFD, ik

Bz micro-vesicular

Fig. 4. An immunoelectron micrograph of the M cell surface
using Thy-1.2 antibody shows short and sparse microfolds N
(Mf). The reaction product is not seen on the microfolds and - SYyStem 23 FEgEL, ly-
lateral membrane of the M cell. sosome D i\ HaE
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R L, RPN ) vk, <sm 75—
CERPRALTED e b, v FLRAEOFE
LT,

RIEBEEAR T, MR T ORI E
¢, K\ microfold = X v I © L
KAl cx (Fig. 4), WIRETUESUSEEEY X
) voERBER O, —HI AR LR
Db, “hbORIGITANRAMED peroxidase
W X BIFRRNIUS, ATLEY & BE X
RTHh- .

Miilgc HE S hiczch Zh O HURC 3 %
Bty vk uw BT L, 2% MM

Table. 4. Electoron microscopic observation
of lymphocyte subsets enfolded by M
cell using immunoperoxidase method

Thy-12  Lyt-1 Lyt-2 L3T4 I[-Ad
+ + ¥ - +

+: B vABRNEET S
= Bty v ERAVEEAEL TR\
*: Lyt-2<Thy-1.2, Lyt-1, [-Ad

Fig. 5. Thy-1.2 positive lymphocyte (L) en-
folded by an M cell (M) and adjacent
negative intraepithelial lymphocyte (IEL).
Columner cell (C).

Fig. 6. A Thy-1.2 positive lymphocyte (L)

(BB15% %1% 1989)

Bbhict il e, £0%EMMED
lateral membrane % ¥ { fEA X 7Y THE
LT,

FOBMEY VAR T2y b B BRATSE
Table 4 © = & < pan-T cell marker TH %
Thy-1.2, Lyt-1 [BfEfilE 23 & < @D b,
suppressor/cytotoxic T cell L Xh % Lyt-2
LB B, helper T cell & Xh % L3T41x
M#fifa & B35 L -BIZ D b hish ol Sh
b T cell R~~~ BEHMla O %R
AR AZE L M MR ik A 7e\ EE
MNP 7. Figure 5k, Mg c RE3H
% Thy-1.2 [BH:Mifac, BT 5 B
) VSRR A RS I, Figure 6 (X
2{@o M #ifg & Thy-1.2 [BiEfile <, 20
DO M#FaD lateral membrane X b B A
LTC\uw3%. Figure 7 | biotin-streptoavidin
system % i\ 7o Lyt-2 [EiEfifa s MMz
T ‘

FEMABIR (a HiF) #RH L B cell,

and two M cells (M). The positive lym-
phocyte is enfolded by lateral membrane
of the M cell on the left.
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Fig. 7. A Lyt-2 positive lymphocyte (L)
and an M cell (M) shown by biotin—
streptoavidin system. Columner cell

©.

dendritic cell & [B#:4 % =3 I-Ad Hifk i
MAREA B X zhic EEL 2 Y v <3k, den-
dritic cell i BB /nTd D2% <L, Fic
MANAZIE T DKM A B 3 R 5568
dbhhte. Zhid, BIREEFL Y L MM
B WEARD o e, T-Ad BB RIS M M
fao lateral membrane &% > THEH XA,
ZORGEHEE BRI T @D b h T E
Mg D& E, microfold i iXfEMB %R
btz Figure8a iz Miifaic N@ & h 5 [-Ad
Btk Vv voBRE ERffai o v v Bk T,
IR MR o lateral membrane 2 4, B4
NED BB, Figure 8b i MFI o JEAE:
TRIEDGMERT REED 5.

£ ®

19744 Owen Bi%, t +/NB Peyer g K —
A2 Bz (follicle associated epithelium)

Fig. 8 a. An [-Ad positive lymphocyte (L) enfolded by an M cell (M). The reaction product
is also seen on the lateral membrane of the M cell (arrow-head), but this finding
was not made on the microfolds of the M cell and the columner cell surface. Columner
cell (C). '

b. Higher magnification of the M cell surface. Microfold (Mf). Microvilli (Mv).
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DI BN LR s B k< fold
(microfold) 23BICELFIL IR EHE X FH D,
WiRaPC ¥ v Bk, macrophage, plasma cell
4 NA L 7o fifa%, microfold cell (M cell)
L&MNF.? otk Owen bk, REERH
HE © b % peroxidase % Vibrio cholerae
<y ABENE I &5 L, M#REEREXD
pinocytosis, phagocytosis i X b #ifaPICH
DRAERARETHE V VAR, <r7r7 -2
FIEELTORHER & LWL T,
Wolf 5, Reovirus (type 1,3) &< v A
B 5L MARRR I BB S L X D ARG S
BCHLh A%, virus OMHIREE X H OHD
AR, MR TO R 2T HEL T
%00 FeE OfFERL, BCG Wikk v XM
ligation loop w85 1L,” WH X v+ F¥HE
Peyer #z & b OKRIEFE (0-124, K-72) OHXH
AL GEBECEEL,Y 2hb o HEDE
MM X D BEACED A F R B O BRI
Bam b OBRIULEED BT hish, ThbDik
BRI S XS EMAROH—DOBEEL L T
HMLERTUR % L RN T D AARIC
MR CHEE X% S h L O FURFERIL
WaT5) VAl ~/r7-—JEESR
T35,

—77, MILEREOKELBF X5 LTE
B GALT RT 5V vAROH 7y MT
B3 2 BgRE, EF) v AABRREHFECN TS
monoclonal HfADBHFEIC X HFIREL 7 o7,
e b OPFgETIx, Selby ik, WkHFEAWIE
I EWRTE ERMRa TV v 3RO 67~90 %
13 OKT-8 &k o suppressor—cytotoxic T cell
WAL, HHADIIBRAGEY A VE
BAROBRES b AN 2 /MEMRE BB Leu 2a BBk
#a (suppressor/cytotoxic T cell) 2% Leu 3a
(helper/inducer) X VBRI TH 5 L HEL T
5.0 ZADIIIALY VBl y SEEBRNIC
B L, B LR MaR ) v <3k T ) Leu 2an3
Leu 3a [BtEfifa X v @ALx 5D Tn5 & i~
T3, 121 BEmn i, RS CERLCE
MISLY VoSYERAD Y VB T ey b EEF
%, BihEOLE, HILEMLLIC X 2BEZIN

((815% 1% 1989)

%, My vogk bR Y v oBkiE Leu 2a
PR MM Ba (suppressor/cytotoxic cell) 2MEAL
THHEHREL TS, W = 2% i
g2 ©i1x, Ermak & Owen 73, &[EFEHD
AMEAL 71 © & [ U monoclonal Hifk % 1 &
Pitk & U ABC sk CHRBERICBIZZ L, Peyer i
EEEix Thy-1.2 3 & Bdbh, LD
Tcell 7+ Tk Lyt-2 23 L3T4 X v %
DB DO EDKREA Thy-1.2 ZixiF
&1, kE TR L3TA 2B THh b & WG
LT\w»5,1®

4% O R BIZZ T Ermak & Owen
DI L IEFARDOBERNEG D h, Peyer i
= [ ik suppressor/cytotoxic T cell 23
B % i Bcell, dendritic cell & ABNFE
L, ke Peyer #gfi#s oo FCiX helper T
cell AEFHEBLND., Thil et BIO =Y
AR\ T Peyer #ig BB flifaid i€ 132 ) v
SRERDOY Ty MIEUL TS EERLT
W5,

—75, Peyer fifis EERBICHFEL, BEA
X b DFIFEWEORAMF & Sh 2 Ml
Db B Y VROV Ty b OB RS
£ RAJRE TH ) REBEBELS LELTL
%, SR EEEAOE IR R L PR
DEFFE NS EWVCHR T 5B D 555, L
Bt 7c\~» paraformaldehyde i@ X b #
BAEEL, B= vEHLE lysin THFEDORHEH
#EET 5 PLP EE, R bEY) & &2 S

FIL TR SR 2 Bohi. ) v BRRET
FREBE TR ABLLTL, Tl thie s

% monoclonal itk 4 B X T\ fowd G
YA O EIRERIE S AR & e D, SRER
BEEOHE, 6 p OBWFEYH © MRERC £
THiE 2 EET S LEND D o 1 REUFI
12~24B5 T DRI LB L L, Fic 2 RFUFIC
BRES e 7)Y VEEQEEFLTEDT T2
AV M TH B F(ab)y i/t L THk DI EA
HrEHCL, ZhCHEBERS FREONIVE
#=CTH 5 peroxidase X EH/Z L =L OHFEHL
THBEEEY RiFC L

A EIEE O REREIC X ABE T, Mk
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Cb B ) VAT 2y METHER T
SBEB I I % EEE Y voBRE RO
R %~ L7,

ZADIE, v FALY VAoRRERERCRD
h s Miliks & HLA-DR (Ia) B#: o b gl
Y v 3k, dendoritic cell & DRk & gl
Bty AVWEBENCEZEL, Mkt HLA-
DR [Et:Mifas B L W 5527 L, Mk
oA FRT BEATEER L 2hb #
BEHMY v AR EE Sh TR, Ml
¥ GALT &k} % antigen presenting cell
(APC) system & PR L TV 5 & #|E LT
5.1 SEl< v AR THMMLAER L O
TOETOREEARB IS -ALRHED ) v o<
BRiEM e, dendritic cell 233 S h, Ml
M L O % LAk v v <R [EL
DT BEGRERTLOLH D 1-Ad [GHH
JaDBEE 2N < RS te. FAY Fifkii—i
@ activated T cell it Kin+A2L L bz
b OB MM DT ILERIE R hic THllas S
FRCOBWREELDH D, O THIIIHER
WMosEMBREDCHOHFL TS EEZLD
ns.

¥ I ROMEtE & s MR H S ot
EERECO2WTO BETEETH £ FMH
fazmc ik HLA-DR (Ia) BB 28324 6 W LR
PORESEE MR I NG LD BENRH B 4
ElEZD~< 7 ATOHRERTL M Ao lateral
membrane [T BEME A BR, ZDORIGIER
IR ko lateral membrane TiX B 5
hTHHF, FMllaPIEfioxRE, micro-
fold i iXBEEE BB LR T, Zhic X b
b FREFTIRR T Y AR BWLTh M Mk

X

FEREME A BIZTHE A A (major histocom-
patibility complex: MHC) class II i© &3 Ia
VE*ZEU T2 xRS he, Eclaf
Ry v BRE O+« DRBIGEICK TS in-
teraction @ EHTH D, V VvV RERANDOHIRE
AERETREDL D 2 EOFER AR S FIEIN D
MR T BREC RHEIA TV .17 4
EOBZET la BB MM D apical IZ5R%
5h3 lateral membrane T DHZFDHB IS
HEX, VREREBD ) v BT o84
D4\~ lateral membrane | Ia HEAZFEHL
TwsLDEEL LR

D RS & FIR L 1o BEIVREEISE X
b, HILERHGEORFLERET 5L, BE
RO FREME L% { © secretary Ig-A & HpD
MiflifaznE X v BRI A Eh,
PUREH 3 B X hMARRAN & X0 R
35 FAY B EES h, HETCSH
bbb helper T cell tfmEIh Zh X
Dl X hp interleukin T (IL-II) i X ®
suppressor/cytotoxic T cell @ kg~
EERLUBALCHEHECHLL T2 EH
2Zbhbhs.

Dk 5 el bE S GALT kT
PURA R A OiFREEFRNEEL, €O
D —3 D H R (T MAIR O FUR SR 7
Ha (antigen presenting cell) & L COEEM:
DRI .

Raiz pcdicb, KIF BEE O EEOMIEE
& BB TR < R L 2T
RHLOESIIIFF6IEI0H, H30E AR M LR
FLBLT R THRELL.
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