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DYNAMIC ASPECTS OF IMMUNOCOMPETENT CELLS
FOR DELAYED HYPERSENSITIVITY*
Relationship between Macrophage Migration Inhibition
Phenomenon and Delayed Skin Reaction

Toshiya KINO (Director : Prof. S. TSUJI)

(Received for publication February 6, 1974)

Many recent investigations support the hypothesis that the macrophage migration inhibitory
phenomenon is an in vitro model of delayed hypersensitivity. The sensitized lymphocytes
liberate the migration inhibitory factor by contact with the specific antigen.

The dynamic aspects of immunocompetent cells for delayed hypersensitivity were studied,
comparing the macrophage migration inhibitory phenomenon and the delayed skin reaction.

Guinea pigs were sensitized by 1 mg or 10 mg of heat-killed BCG in the form of Freund’s
complete adjuvant. According to the difference of the site of sensitization, animals were
divided into two groups. The first was sensitized by only one injection of antigen into the
back of the neck and the second was injected separately into the hind footpads and the back
of the neck.

Regardless of the dose of antigen and the site of sensitization, delayed cutaneous reactions
were similarly and intensively induced. However, the macrophage migration inhibition by
peritoneal exudate cells was noted only in the animals sensitized by the injection of antigen
into the hind footpads and no inhibition by peritoneal exudate cells was observed in the animals
injected into the back of the neck (Table 1, Table 2, Fig.1 and Fig. 2), although the adequate
number of lymphocytes were in the peritoneal exudate cells (Table 4 and 5). On the other
hand, the migration of the alveolar cells from the animals sensitized into the back of the neck
was apparently inhibited and its intensity was correlated to that of delayed cutaneous reaction
(Table 7 and Fig. 3).

It was inferred that by sensitization procedure cells localized in the regional lymphnodes
are sensitized in delayed type and that these sensitized cells are deposited in two different
places, the lung and the peritoneal cavity, depending on the site of sensitization. A skin re-

action, however, can be uniformly induced by sensitized cells which come from the depository
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to the test skin site regardless of the site of sensitization.
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Table 1. Migration of Peritoneal Exudate

Cells and Skin Reaction

1 mg of heat-killed BCG
Weeks Into the hind footpads Into the back of
after and the back of the neck the neck only
sensiti- (% of mig-| % of mig-
zation ration Skin test ration Skin test
(15 meg (0.5 mcg PPD)| (15 mcg [(0.5 mcg PPD)
PPD/ml) PPD/ml)
2W 92 | 7Xx 7(+g 145 | 10x10(+)
107 | 10x10(+ 124 | 10X 9(+)
60 | 8X 7g+g 141 | 7X 7(+)
115 | 9x 9(+
AW 113 | 14X 14(H) 120 | 18X 17§++)
121 | 17x14(H) 127 | 15x13(4)
68 | 12x11(H) 113 | 15X 14(4)
8w 38 | 15X15(H) 106 | 17X17(#)
14 | 20x18(H) 105 | 18X17(H)
62 | 18x18(H) 72 | 20x18(H)
12w 98 | 22x20(4) 98 | 21x21(#)
69 | 20x20(H) 99 21><21E++)
82 | 21x21(H) 103 | 22X 22(H)
20W 86 | 13X 13(H) 103 | 15X 15(4H)
74 | 22x20(H) 108 | 20X 20(+)
100 | 18X 18(+) 93 | 17X17(H#)

(+) Erythema only : mm
() Erythema+induration : mm
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Cells and Skin Reaction
I mg of heot-killed BCG
% of migrofion  e—e  Into the bock of the neck .
] ©-- Info the hind footpods
150 ond the back of the neck =
100
4 ‘\
\ gommmmm =TI -
504 v/
1 Diometer of o’
1 skin reaction
T20mm
0O 2 4 8 12 20

Weeks offer sensitization
X% Average of 3 or more onimals

BREIVCEBERMEERIG  EERAEERICE L= 7w
7 7 —OWEBIERRIT, ThEhEEK2 4,8, 12%
X0 20 BE ST, Table 1 XV 213fHADE
LEY FORIEMEE, Fi- Fig.l HIV 2 XFDFH
fEx2RTo

i) 1mg BCG SRR (Table 1 35 X vt Fig.
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ii) 10mg BCG FEER/ERE (Table 2 % X V¢ Fig.
2) : 1 mg BCG AR TRINTEBER KB RIE &
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Migration of Peritoneal Exudate
Cells and Skin Reaction

Table 2.

10 mg of heat-killed BCG
i d Into the back of
ks | he back of the meck| _ the neck only
sensiti- |% of mig-| % of mig-| ]
zation ration Skin test ration Skin test
(15 meg (0.5 mcg PPD)| (15mcg |(0.5 mcg PPD)
PPD/ml) PPD/mi)
2w 103 8x 8(+) 118 7X 8(+)
93 5% 5(+) 114 8X 8(+)
102 4Xx 4(+) 212 10X10(+)
4W 96 15X 155-{—-) 138 17X16(H)
104 15X 15(H ; 113 16 X16 (H
150 17X 15(H 106 16 X16(H
87 14X11(H) 100 18X 18(+
8W 36 | 18x18(H) 93 | 11X11(H)
44 15X12(H3 95 15X14(*H~g
51 16 X15(H 114 18X 17(H#
12w 99 15X 15(+-; 83 15X 15(H)
47 19X19£+' 103 21X 21(H)
72 | 17x16(H) 126 | 19%18(H)
20W 117 19%19(H) 110 | 20X20(H)
100 18X17 -H-; 123 21X 21(H)
102 19X 18(H 121 20X 19(H)

(+) Erythema only : mm
(#) Erythema+induration : mm

Fig.2. Migration of Peritoneal Exudate

Cells and Skin Reaction

10mg of heat-killed BCG

% of migrotion ~ ®—e Into the back of the neck wmm—

| ©--0 Into the hind footpods
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% Averoge of 3 or more onimals
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Tehyote, MEBIERE TIIBIO e, REH8EE, 12
BEHCEEBIEAZED b hico L LS 20 BER
3, HIXPEEIER S0 5 ikt
BEoZ <, BCG FEH 1 mg RfERs L8 10 mg
R, BRBHMRYAV~27v 7, ~ Ok
PBLIERBRTIZ, HRERIS CEEEENRRL R, %
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TERETEMN MDY 5, ¢) BIERKERTIT,
RV VB EBLA DBRT, fo & xS LT
WHAREM:, d) BELKk< 2w T > —OHERIEES
OHEBIX, B L TRBER 7 vAF—D—HE*BHLT
WHDME S, MFHEOHBLIEETSZ L, %
THhbo

2) w7w7,—UHEERIERSCRIET PPD 0
BEoRE  REREHTIZ, BEH 20 BARIE, ik
Rwrw 7y - OREERERSFIIED bR D, X
DI ERMERE T, HRERERF TRt b E i 15
EHHALNICRIEHR 8 BHIRK\ T, WEERIZ 100%
B THOko T TLED 3OO HEA T, 5%
BTNz 5 PPD REOEERIER ST 5 EE
#F~X7z (Table 3), PPD @ {& &% 30 mcg/ml =
BLTHEEBIERII W U TEEN DR, 5
i 5meg/ml BEOWRE T1X, BEKEHDOSEBERE
WTHEEMIFIER Temok, 2D i, PPD 15
meg/ml (3T U T oBBIBETH D, HEMIE
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Table 3. Effect of PPD Concentration
on Cell Migration

5mcg 15 mcg } 30 mcg

PPD/ml | PPD/m!l | PPD/ml
107%| 106%| 102%

1mg

| of BCG 101 105 99

8 W after sensiti- _ 79 80
zation in the
back of the
neck 10 mg - 93 95

of BCG 100 95 91
102 114 110
70 38 37

1 mg _

8 W after sensiti- | of BCG 14 20
zation in the 95 64 55
hind footpads
andhthe back — 36 30
of the neck 10 mg ‘

of BCG 96 | 44 48
80 51 50
90 86 91

1 mg _

20W after sensi- | of BCG 74 80
tization in the 101 100 98
hind footpads
andhthe back 110 117 110
of the neck 10 mg

of BCG 95 100 75
— 102 115
bif&ﬁ‘of:o

3) KEZHAEROERNBE: v /e 7y -

Table 4. Differentiation of Peritoneal Exudate Cells

1 mg of heat-killed BCG
ngf;‘rs Into the hind footpads and the back of the neck Into the back of the neck only
sensitiza-
> L hocyt: L h
tion Macrophage ymphoeyte Macrophage ymp ocyte’
Large Medium Small Large Medium Small
2w 63.3% 7.0% 9.0% 18.0% 72.0% 2.7% 6.7% 16.3%
AW 67.7 4.0 6.0 19.7 73.3 5.0 5.3 15.3
8W 50.0 4.3 8.3 35.0 52.7 4.7 19.3 21.3
12W 52.0 1.3 8.0 37.3 62.0 3.0 2.3 31.3
20W 55.3 3.0 6.3 33.3 64.7 3.0 7.7 24.0
Average of 3 or more animals.
Table 5. Differentiation of Pertoneal Exudate Cells
10 mg of heat-killed BCG
vZ?feli—s Into the hind footpads and the back of the neck Into the back of the neck only
sensitiza- L h L h
tion Macrophage ymphocyte Macrophage ymphocyte
Large ‘ Medium | Small Large Medium Small
2w 68.3% 5.0% 7.3% 16.0% 71.7% 3.3% 6.7% 16.7%
4W 59.8 4.5 11.0 22.3 64.3 8.3 8.5 16.5
8W 45.7 7.7 23.3 21.0 54.0 6.0 12.0 26.0
12w 64.0 2.7 5.7 27.3 62.0 5.3 5.0 25.0
T 20W - 62.7 4.7 6.7 23.7 57.3 6.0 7.7 26.0

Average of 3 or more animals.
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Table 6. Differentiation of Alveolar Cells
Sensitized into the back of the neck
Weeks 1 mg of heat-killed BCG 10 mg of heat-killed BCG
sensitiza-
i L L h t
tion Macrophage ymphocyte Macrophage ymphocyte
Large Medium I Small Large Medium ‘ Small
2w 54.0% 1.5% 9.5% 24.0% 57.0% 4.5% 8.0% 25.0%
4w 53.5 4.5 5.5 28.0 52.5 4.5 8.5 24.5
8w 49.0 3.5 5.5 37.0 58.5 3.0 5.5 30.0
12W 46.5 7.0 4.5 31.5 47.0 7.0 6.6 34.0
20W 38.0 8.0 6.0 31.0 46.0 5.0 3.5 27.5

Average of 6 animals.

L) VBRI Table 4 38X0'5 & 5B &, i)
BCG B 1mg RAfEBFL 10mg RfEREL T, MR A
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BHEERERII L) vARROEISHRDI T E D
b, HRAEFTL, BE) v BrERBCZEE I h
¥, oS, i EmEcEEIhTwArb LA
TEWEWS T EETR%T B,

4) HBREHCRIAIRMRTEvey 2w 7 >~
DHFEMIEBRR : WKW T, Mlesiat AT
<7 w7y~ UHEEMIERAB % T2, Table 6 [ XH
ToiRRAIfa DM D 6 D FHHR LIch DTH B A,
BEBBHABROER LIFEALRACHARR LTS,
Table 7 iR Licw 2w 7 » — OWFEFHE DXL 3D
ELEy PO ELEDTT AL LEETHD, B
R BRI DB D 3TEDED YR T, Fig.3
X 2EDERDOFISELRLICLDTH Do —RLTE
EHEBIGCOBEL, ~7 v 77— CHEMRIEOBRE

Table 7. Migration of Alveolar Cells

and Skin Reaction

| Sensitized into the back of the neck

Weeks || mg of heat-killed BCG| 10 M€ of heat-killed
sensiti- |% of mig-| % of mig-|
zation ration Skin test ration Skin test
(15mcg |(0.5 mcg PPD)| (15mcg [(0.5 mcg PPD)
PPD/mi) PPD/ml)
2W 83 9x 9(+) | 79 9X 90+3
85 8X 8(+) 91 9x 9(+
4W 81 16X16?H) 87 16 X16 ().
80 15X 15(4+) 77 17X17(#)
8W 52 18X 18(4}) 70 15X 15(H)
70 18X 18(H) 63 16 X16(4)
12w 75 21X 21(H) 68 18X 18(H)
63 21X 21(H) 69 19X 19(H)
20W 74 17X 17 (H) 85 | 20x20(H)
74 | 18x18(H) | 56 | 20x20(H)

(+) Erythema only : mm
(#) Erythema+induration : mm

Fig.3. Migration of Alveolar Cells and

Skin Reaction
(Sensitized into the back of the nack)

% of migration

] © 1 mg of heot-killed BCG 3
® |0Omg of heat-killed BCG 1IN

8 »

100 ®

oe

1Diometer of
4 skin reoction

120mm .
0 2 4 8 2 20

Weeks after sensitizotion

% Averoge of 6 animals

DT LTWBE Lthtnd, X 6K 1mg MIERL
10 mg BIEBEI L OBECEIZZ b Rish Dt Do
EXERIERE TR, BIEY VvABRABEEB I L, LA
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Fig.4. Hemagglutination Antibody Against PPD
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BIVWSRTIEL, FHLTHERERDOIZ O A, %
ERERE L ) BV TP iliER Lich, sislolk
i3, BERUCEmAER L. LaL BCG JEH 1 mg &
YeRtix, MmAPiEEO e — 7 BRER2BRERALRT
DL, 10mg REFTIZ, Thi gL 4BARY
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=7 0&Zbht, TicbhbMhiikOBEL, KIEHL
Ivd, BRFEREORVCIVEEYZT A LYRL
TED, Bbhk~27v7, —SHEBLEBSOBIEL
RigoTw 5B,

4 % %=

RfEY voBki, BHRIF L OEMIC IOTULAWA
e TEYE AT 5 soluble mediator %23 Fi§C
BT 5 EAHS T\ 5, Macrophage migration
inhibitory factor 2>\ TILfE S TR X1@b TH 5
A%, T Dftiz, Skin reactive factor4®4”), Chemotactic
factor*®), Lymphotoxin%®, Blasotgenic factorf®~52 s
L 0% Macrophage aggregation factor®™ pip %, = h
& @ soluble mediator ¥, B FO4EWEXREDS
BRESWTHRIAMITbhicd 0T, TORAI EkR
TOLRBFHENEEINDBZ L THA S B, in vivo T
BT 5 BEMEEKIGE, Zh b D soluble mediator 12
HEOLKEBBOES LI DEEL DI ENTES, T
& D soluble mediator ¢, migration inhibitory
factor OFEDERN—FBHL, BEM 7 LALF—0D
in vitro DEFAL LT, BRELFHEOMEIND,
B ZHOTE L L L= 2 w7y —OBEMIE
B4 l, BEREMEIC & 2@ROCHE LckEzd
R\ EE 2 BEOEED BCG A AT, K
WL En %, IEEBME L el AvT, ~
7w 7y — RN IERS LBEREERICE X O MmF
NEOHB X B Lo BEMBEMRIGT, RFERER
IR OERCHhbOT, KEF4BA»LHL
MCRBEOBEERL, RIMBRK LI —H~v2w
7 7> — CHABIERKCBE LT, BREFCK\THE
EaHalErAV5E, )V VAROEEN TS THB
Y anbh b, 2fFA%E U T EEMIE XA S h
+, Ml AvT, U CREREERIGDOE X
LFET LIcEEBIER S A bR, 2D LITEER
T UAF - ST ORRMTEEIRICY vooER2S,
BREETRERCBH LTS, MKHBLTWAZ
HRLTWAo ZOERICENT, FDRERELE LT
DEHLEHR LIc\o BT Richard™ & 1%, HE-2Z
7 4 VTR L TBEEBBE~< 7w 7 » — DI MIF
X33 receptor pi% %5, Hanks Gl LT
ffifg~<2 w77 —PRIFELIRCERXTVS, TD
BEL, DT LI EEOBLBERETFE Lo e b
Richard 5DV IcBHREBH~ 7w 7 » — i3, HB)-<
57 4 VEIRBRCHM S RO THY, Hifa~ 2
w7y =23, BibOTRALLBRYZIT TV WIER
ELEY PLBIELDOTHD, EFZEOR\ it
(%, Richard 50Kk EIERAUHETHRR LIS DT
HBH, Freund DFLT7 P v N TCRIEIhi-2L
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Ty PLBELIDOTHY, BOMTEERERSHA
bhico LictioT=2u7,— MIF b3 %
receptor XK OMDIIL, B2 ThA LD R B A
MXBNTWBRERB DO Livis\o BKfFH 2
B CHBRB M 0EE RE SN ERZEAHT
HHH, FFEENCRBC X 2 EERETHDDONE L
hicv o HERERTIX, BFR8~12EBEERBH
MR OB B &2 A bhicdy, 20 BARIXIE
HUSARE LT, PPD ORE% 30 mcg/ml i
BLTIRKRERAUTH Ok, 2D &I, BEY v
iz, BERIEES~12ABRIZERE X SEEDN,
BYEr ohTeHeHmLTLES T LXRLTY
bo T DA ILEROEEIX Carpenter™ 5 DHE L
TEBEBHAREERIERR OB & LT3,

R#gemPiAEOBRL <7 w7 » — VEEBIERE
DENRB > JL#E LT, Wasserman®® &%, Thyroglobulin
t Freund T2 7. VITRIELI-ELrEY PT
BT, 2mEHW %A nEREERIERBRE, B
B G D58 X OHER & 78T, Boyden B X B
FHFRMERBERGME T LI LBE LT 5, FED
BRLCEREBHAREAVCOR 7 v 7 » — DHEH
BT, B3 UL EERENRIC & 2FT Lisaot
A, FOBREIE, 852 Boyden BT X B ¥R MEKE
HEHAMOBRE LI RO TE D, =7 w7y — Dk
FRIEBSE, AuWicllaEAASOEER 7 vAF~0D
in vitro D EFALTHBE VWD, Thbb HEBH
AlaxAVWTO~® 2w 7 » — VR IEBRRIIEIECH
WEEROEREWIC IO TIREEY R, RIER(O%R
Wi IO THFERIENRE 2B A LB bW HERD
%o — M HEDEIRBITRIFIAL OB VIC X 5 HEIZ
Db DI, RIFER ORI Lo TH&(HD
v— 7 OB ER A bR, DT ki, ¥7 =
7y — ORI IEB S & M P OHEB IR T Licd
=&\ 5 Carpenter™ 6 DMELXTHF LTV 5%,

&% e

n—tUrA%ELEY b% BCG FEE (Img/ml %7/
% 10 mg/mi) % Freund 5227 Lo v FOHT, #%
EHe DR (BREERE XLS) FLRBRCERS IV
BRENC R (BERFEHL L) IS, BERME
BERE, ~7 w7y —VERIERS S LU MPHGE
A DEYB % RPN T

1) BEREMRIGE, BRIEFER JOHRBRIERL
CRILBECERI NI,

2) HEkgtMlRrAVvic~ s e 7y —O%EHRIEE
%1, BREBERCEVTOAALN, HRERTIIE
{ABhighDote, Lo LERERZ, Miafiaz Ay
BE, BERBEMEIGEFTLT, EEMBIERKRAARL

M BB B5F

hiso
3) ZhbLOZ ki, BEN7 VA -R2FERETHT

B U CREERGORVIC L b, RFTY vfiORMEY v
SRERAS, 2 DORAEOLBECEETA EERLTY
Bo 1 DIRAERNLELORTVWAEETHY, D1
DRI TH Do = IO RERSE L LTEIIRE

RIGDH/E LTOEHEXRVH L,

4) pEBBHMECXs<r w7y —DHERIERS
DB, MFHEDOLThEIRLOTED, EEZEOH
BlLicwrr 7y — SHEERIERRL, BERT vAF
~BI5T5 ) VREROBEERTIDOLEEL LN S,

ft i

BERLIChIih, AFROHEES IORLORMY
B ot AASIBCIER LE T, hBERETCHID
TEIH IR W e KB BRE B S, NEEEHM, RE
R B LET, ¥R HhVREWRS
FHEFE, SRR A LET,
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