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STUDIES ON THE MECHANISMS OF TUBERCULIN HYPERSENSITIVITY
II. Non-dialyzable Transfer Factor
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There have been numerous reports on the transfer factor (TF) of delayed-type hypersensitivity,
but there are still unsolved problems about its mechanisms. The experiments reported herein were
performed in order to clarify the transfer mechanisms of tuberculin-type hypersensitivity (TTH). Used
as a TF was the non-dialyzable fraction of the extract obtained from spleen cells of guinea pigs vac-
cinated and challenged (VC group) with heat-killed BCG.

1. A fraction which showed TTH-transfer activity was isolated from the spleen extract of the
VC group by column chromatography using a Sephadex G-75. It’s molecular weight was 15,000—
67,000,

2. The low molecular fraction of TF did not contain H37Rv antigen or an antibody to H37Rv.

3. Recipient animals intravenously injected with the TF showed a positive skin reaction to PPD
on the 3rd day, but the reaction was negative one week after the injection.

4. TTH was transferred to normal recipients with thymocytes or spleen cells from normal animals
incubated with TF in vitro for 24 hours, but not with the lymphnode cells of those animals.

It was demonstrated that TTH could be transferred to normal recipients by thymocytes or
spleen cells treated with TF in vitro. This results suggests that normal T cells are sensitized through

the same process in recipient animals injected with TF.
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% 7~ Kochan® 31966412 BCG JEEEEE /L€ v b
DRRHIPa & Purified protein derivative (LLF PPD &
) Lo Fisic DCH Z{EE T 2 EN FEL,
ZDEREWEIERE R D vy T Old tuber-
culin % challenge U7- 4 W[ E omiE hicd FFFET
D ERWE LI, XHIT 1969 4E X D 1970 4R T
Dupuy?~1V (LR {EEE X MBS 52 L 12X ), &
D IE B 5\ AT DCH EEiEk S B+ %
ZEERLY, ZOEEWELENPRCHFEL, Y
LR AWETHDH I ERITW LY, T DmE
W & IEHEE Y OPA & % T in vitro T, 37C,

"ﬁ-ﬁﬂnﬁ@% Lz y, EEMayRIEMmcE L
BT ELRRETH D LW LW,

1964@@:12’ % BCG FEERESE v+ D ez e o
BB N P, DOH [ZESMmEN FET 5 2
LERL, MEPEZ OWE OS85, 000~60,000
ENNVTHDHT ERBE LT, AR 121974 4F
12 BCG FEERIEE % v ORISR BT A
Wiz DCH (E3EIE BN H 5 L xm L, ZOWEIL
5 F-515,000~67, 000DEEE TH H Z & wHid LI,

Pl ko & 5 DCH Iz Bg4 2 MRz HIz 2\ T
K MEShTOEY, Kinbdb, FURORA X
BREBNRIECH B AREM LSS &L BEShT, TOFRE
CRALTARHD ARSI TW 5, SEIERY DY
A2 ) VIRERZ S EERT T TF &iE3) &M
W, in vitro 12 BT B EEER AT, T OFEBRK
B &k LR W TEE LI,

I EBRMELZSTCHE

1. EBRThIs X OUEEHE

SRR IR SRR I RS X D AT L
Her—rU—FKE LTy b (fFE 300~350g) &AW
Foo R JFEI TR FEBEA BCG B D HZIRE i 2mg
# Freund ¢ incomplete adjuvant CIHRAELTSH Img
Forms L, BIE% 48 B BCG SEE O FEE 1mg
% 0.5 ml OEFAEKCENL, AOENEFhC LD
BL (Frrvy) u_o ¥ UV S ERFTIORE T R
Hofty VO HEHT 5,

2. #&iﬂ@/ﬂé;&(&@#ﬁ&ﬁﬁ;

VC BH 5\ VIRIEHREEevey b (NBEEFRT)
ORI X DRI L, BmE S0, ik,
Wil T O ) v AR 0 % DI fEH L, Eagle's
minimal essential medium (pH 7.2, PR #H, T
MEM LWgT) HTAy Y a Bl LTy 3TN L Y)
D & X HNARED, FES Licoh MEM < 3 [EgE
DTHER LT,

3. ZHEEEESE (TF) OEIE

VC FEO I 1% 108 {0 packed cell volume 1 45

W OB 5TE OHAT

VC Spleen cells(1x10%) : 1 volume
Saline . 1 volume

le«— Disrupted by freezing and thawing
(5 cycles)

Le— Centrifuged at 20,000 <G

1 for 60 min at 4°C
Supernatant

l«— Dialyzed against distilled water at
4°C overnight

l«— Dialyzed against saline at
Y 4°C for 5 hrs

[ Inner Fluid=TF. |
Fig. 1.

Preparation of T.F. from VC spleen cells.

Fig. 2. Experimental results obtained by Ouchterlony’s
method for detecting tuberculous antigen and antibody
in T.F. The results showed that those were not detected
in T.F.

AS : Goat antiserum to Hs.Rv (1:1)

1 and 3:TF (VC spleen cell extract) (1:2)
2: VC spleen lymphocyte extract (1:2)
4:VC serum (1:1)

CF : H.-Rv culture filtrates (1:1)

TR LA Ak 1 R i CRERRIZRR & L, ORAER
f@? HRE% 5 ERIE LTI i L, 20,000G, 4T,
D LTRSS, BHRAERCHL4C T
F?ﬁﬁ%ﬁfﬁ, Ak cEgE L LCTF S LTERL
7o (Fig. 1), o TF bk Ouchterlony ¥ Tii~X7z
KEEL R 5 5 LRI S heas ot (Fig. 2),
E#erey b OMAITEL D RO GECRllamh g
FHPE (CF EFRg) R EELLAIR & Ui,
4. Sephadex G-75 12 1 %5 TF D 5 NS E
Sephadex G-75 (particle size 40-120p, water regain
7.5+0.5ml/g, gel bed 12-15ml/g, Pharmacia Fine
Chemicals AB, Uppsala, Sweden) % Z828/K THZEIL,
Jli%i4% PBS-EDTA (0.01M o EDTA #7s 0.075M
PBS, pH 7.4) THRAUWHEL,
DN rEEE LT, 20ml © TF %» 7 2CEEL,

EE 7Tem, 5 0cm
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Fig. 3. Fractionation pattern of T.F. by Sephadex G-75.

TF.(equivalent to 1x 108 living spleen cells)
Normal spleen (or thymus or lymphnode) cells 0.5 X 108cells/1.0 m/TC-199

Normal guinea pig serum
TC-199

1.5m/

0.5m/
1.5m/

at 37°C, in 5% CO,, for 24 hr

3 times wash

Normal recipient (i.v.)

i~—day 1

Tuberculin skin test

Fig. 4. Method of target cell treatment with T.F. in vitro.

PBS-EDTA Ty (EHGEE 125 ml/Ifp) 17780,
125ml 95757 vavavyz—TRERECHHEL
foo COBMEITRT4C OERENTTL, BT
DI IEER T 66T (Shimadzu Double-Beam
Spectrophotometer UV-210A) 1= X ) JllE L7z, £ DR
2y Fig. 3 wRToe 79 2vavI(F D, I F
II) %X O (F. D) D 3 53E % B, F.Iix 195 A
dooty/E, F.IL 7S AR &4, FOIIT (3 BSA
LT lysozyme & COESTFOEARSLHETH 5o
EAENE F R F R BEEREE X h, B EFAED
0ml Zich L dEiEL, EDTA IO AMKETS
o DFRAKC K L CHRGBENT L, EEARKTEREEL
TR L,

5. TF ic X % in vivo & IsiF (2% Gk

TF 12 X % in vivo I k5 EFEE, TF H2D0X
CF % EERARELE y b DODENNEEEATHZY
BT R,

6. TF 12X % in vitro [ R} B EETE

VC B4 MM 1 x 10° EiXc s TF 1L.5ml
L, 56°C T304 HIFEEML L2 IEH € 4 » b IMHE 0.5 ml
L, TC 199 medium (buffered with 20 mM HEPES,
pH 7.4) © 1.5ml #EMEML, EFELEY PO

Nalsiliad 5\ RS B ik EI Y v a@milao
0.5x108 fA% kDD 1.0ml » TC 199 medium 1%
WUl MlaaE e g, 77 ATy 7EHERY v~ Ui
CIRFL, 5% CO, in air, 37C D4k T2ARRIEE L
o, BEEEEE MEM € 3 @EE> T EMins Lic(Fig. 4),
% L LT TF ofts iz CF % v [FHE 0 HEC X
b Bl A 15 o, BEEEMIIEE 1% 108/mi, 5x107/mi
FLO1x107/ml Lich k5 MK MEL, £0
Iml #EERAZELEy PO DLEANEEEAT X
HrimEiE i v,

7. YRz ) v ERRIG ,

In vivo DEZEERICENTE, TF 5250 L CF &
A%, 1HHE, SHEBS L7 HEIG, 0.1ml OEH
£ K B8 2> L fo purified protein derivative (DATF
PPD Xi%9) o 10pg TRASIGEFTL, 245 H
DOFEARIGOTEEDERY JE Lz, PPD 12 X 2528
AR DB A BT B 72D, 1L recipient (2D Tie
751 B FEARIEE T2 DR T, 2EELEXHETL
oot

In vitro DELFEMA%E B A Siic recipient [T T
i, BAK1BHR 0.1ml oAEBEAEKC BN L
PPD @ 10 pg ZHAWCRARIGEITEL, 245 E O
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Table 1. Results Obtained from Transfer Experiments of Tuberculin Sensitivity

to Normal Recipients with T.F.

Material Equivalent of Days after | Tuberculin reaction alue
transferred  \living spleen cells transfer with PPD (10 pg)* p-valu
T.F.** (4% 108) day 1 6.6+1.2 NGk
T.F. (4% 108) day 3 9.34+0.3 $<0.005
T.F. (4x10%) day 7 5.2+0.4 N.S.
C.F efolok (4x108) day 3 4.5+0.5
None treated animal 4.3+0.8

* Mean diameter of 24hr. induration (mm) of six guinea pigs +S.E.
** T.F. * A fraction of transfer factor from spleen of VC guinea pig

*** N.S. : Not significant

“*** C.F. : Control fraction from spleen of normal guinea pig

Table 2. Tuberculin Reactions in Recipients Transferred with Various Kinds o
Cells Treated with T.F. or C.F. in vitro

Cells transferred No. of cells Tx};ﬁr%gg ?(iaoczig?* p-value
N-Thymocytes incubated with T.F. % 1Xx108 8.1+0.7 $<0.01
N-Spleen cells incubated with T.F. 1x108 9.6+0.4 $<0.005
N-LN cells incubated with T.F. 1x108 4.6+0.5 N.S. k%
N-Thymocytes incubated with C.F. #*k¥* 1x108 4.0+0.9
N-Spleen cells incubated with C.F. 1% 108 5.1£0.5

* Mean diameter of 24hr. induration (mm) of six guinea pigs +S.E.
** T.F. : A fraction of transfer factor from spleen of VC guinea pig

*** N.S. : Not significant

¥ C.F. : Control fraction from spleen of normal guinea pig

RISDWEEDERZRE Lic, TF O{SEEBAIN
7o recipient I3\ TIE, BAL 3 A HICFAMC PPD
D 10 pg THRARIGR T\, 248 B © ARG ORE
EDOERXE L,
8. Bovine serum albumin(BSA), Ovalbumin(OA)
% L O keyhole limpet hemocyanin (KLH)IZ ) %
BRI
0.1 ml DEFAEKICHEN L BSA, OA 55\t
KLH O3x0%k® 10 pg THARIEE T\, 24 FlH
B DRSS DS DER 2 E LI,

9. HEEDOHIE

Student t-test 1 X D fT7e27c,

I =BRKR&E
1. TF itk invivoltkiFs Y <2 ) vk
{BE5ER (Table 1)
TF 2 X % invivo 21T 5 Y L2 ) vIRZM(EE
DEEREI & RRRIGFEBL & DB R & T B 0, VO
FEOL A 4% 108 @M TF ¥ EHFALELE v
FBALTC 1HE, 3BESHS\ L7 HEC PPD 12
LY EARIEE T2, TF BAK 1 BETILELY
N2 ) VERSEMIIREE T (RG24 FEfE(E: 6.6

+1.2mm), BA% S BRCHDTY N2 ) vRIEH
Btk & 7eote (RRIRE 24 e 9.3+0.3mm), &
DAY CF 2#E SRR K it (RRRIE 24
FeffE: 4.54+0.5mm) LH#ELIc4E, p<0.005 TF
BETHO, 2DV L7 ) VST TF BAK 7
ABRIZEE L (RARKIG24FHfE: 5.2+0.4mm)
2. TF 2 X% in vitro IZ kiF 5 v <L) v ks
PR R

TF 12 1. % target cell A% recipient o & o fifa<dh
BTN, EEELEy b OB, M
HDHEEER Y v <&Mz A, in vitro T TF L82
EL, BRMREZEERRELE Y PABALT, ¥
o) VR DIRE R B L, IEFTRA s Lo
JAifnE, TFIC X b in vitro T3\~ TY <A 2 Y VIR
ZHERHERL, EEELey bNY RN ) VESHY
BT & I (RG24 M fE: Molgififg 8. 1+0.7mm,
£<0.01, MAHfE 9.6+0.4mm, p<0.005), L L
Y v gl cXREoRETh o (RNRIG24H:
[Hiff 4.6+0.5mm), %F & LT CF LIEHIRMES
5% CF CIEFMMEE DA EbEETL DR
Ji& bR TH Ol (RARIG24HHIME: Nl
B 4.0+£0.9mm, ARG 5.1+0.5mm) (Table 2),
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Table 3. Tuberculin Reactions in Recipients Transferred with T.F.- or C.F.-treated
Thymocytes in vitro

Cells transferred No. of cells Tv:;li};;)ﬁrgi’lg ﬁ%c;i;)n* p-value
N-Thymocytes incubated with T.F.** 1X108 8.1+0.7 £<0.01
5% 107 6.3+0.9 N.§.#k%
1x107 4.5+1.1 N.S.
N-Thymocytes incubated with C.F.*#%% 1x108 4.0+0.9

* Mean diameter of 24hr. induration (mm) of six guinea pigs +S.E.
** T.F. ! A fraction of transfer factor from spleen of VC guinea pig
*** N.S. : Not significant
**** C.F. : Control factor from spleen of normal guinea pig

Table 4. Tuberculin Reactions in Recipients Transferred with T.F.- or C.F.-treated
Spleen Cells in vitro

Cells transferred No. of cells Tx}:ﬁl%‘gg ?fi%czgo;l* p-value
N-Spleen cells incubated with T.F.** 1% 108 9.6%0.4 $<0.005
5% 107 7.4+0.8 0.05<5<0.1
1x107 6.8+0.8 NSk
N-Spleen cells incubated with C.F ##k* 1x108 5.1£0.5

* Mean diameter of 24hr. induration (mm) of six guinea pigs +S.E.
** T.F. : A fraction of transfer factor from spleen of VC guinea pig

*** N.S. : Not significant

**** C.F. : Control fraction from spleen of normal guinea pig

Table 5. Antigen Specificity in Day 3 Skin Tests in Animals
Transferred with T.F.*

Skin test antigen ) Mean diameter of 24 hr. induration (mm)
(i.d.) of five guinea pigs+S.E.
PPD** (10 zg) 9.8+0.6
BS Ak (10 pg) 1.7+£0.5
O Az (10 pg) 2.2+0.2
KLH**#%% (10 pg) 2.8+0.2

* T.F. : A fraction of transfer factor from spleen of VC guinea pig

** PPD : Purified protein derivative
*** BSA : Bovine serum albumin

**4% OA : Ovalbumin

*akxk KLH : Keyhole limpet hemocyanin

Y7y R R RS Ui Rl & AT >
W, [EMEA BT 5 7o dose response SEEA AT 7D
& B, BRI B, FHic Y <y
7)) VSR BT S Z LaVRE R (Table 3 kX
% Table 4),

3. TF 1T X 2 RIS DR

VRO RER T 5 c», TF 2BAShicenr
vy PEAWT, FExDPURCEARIGEITIR e
%, PPD DIADHIRT 7ad b BSA (NI 24 FilH
{E: 1.740.5mm), OA ([F: 2.2+0.2mm) ¥ L O
KLH ([: 2.820.2mm) T {¥[&M: D 5§ T Hote
(Table 5),

4, TF OEDEC L DY N2 ) v G (E

TF % Sephadex G-75 %\~ T, F.I, F.II X 0°
F.IL o 3o058ECs3) (Fig.3), #4HE DY vz
) VRS MRS OV TRET L7,

i) TF Of5MEiC X% in vivo IZR1F5 Y <12 )
v IREME(RE TR (Table 6)

TF OALEIC X 5 in vivo i kF 5 Y <1y ) VK
FZWEEEEZ, FOEBABSBECY L2 ) VR
xR T2tk o n, F.UL OZITEREEMENTD S
7o (EPIRIG24F E{E: 9.14+0.6mm, p<0.005), F.I
(Fl: 6.0+0.7mm) Xt O% F.II (Ji: 5.4+1. 1 mm)
TR TH DT,

ii) TF OFKLHEIC X % in vitro 12 ki35 v <2

Vv IRRZ (R ESERR (Table 7)
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Table 6. Results Obtained from Transfer Experiments of Tuberculin Sensitivity
to Normal Recipients with Fraction I, IT or III of T.F. or C.F.
Material Equivalent to Protein Days after | Tuberculin reaction ‘ value
transferred  \living spleen cells/ | concentration transfer with PPD (10 pg)* ?
F.I of T.F.** (2% 108) 12. 0mg/ml day 3 6.0+0.7 N.S.#kok
F.II of T.F. (2% 108) 11. 8mg/ml day 3 5.4+1.1 N.S.
F.III of T.F. (2% 108) 8. 2mg/ml day 3 9.1+0.6 $<0.005
C.F okock (4x109) 60. 6mg/ml day 3 4.6%+0.5
* Mean diameter of 24hr. induration (mm) of six guinea pigs +S.E.
#** T F. : A fraction of transfer factor from spleen of VC guinea pig
*** N.S. : Not significant
*#ix C R, : Control fraction from spleen of normal guinea pig
Table 7. Tuberculin Reactions in Recipients Transferred with the Fractions
of T.F.-treated Spleen Cells in vitro
Cells transferred No. of cells Tuberculin reaction p-value
’ e with PPD (10 pg)*
N-Spleen cells incubated with F.I of T.F.** 1x108 4.3+0.3 N.S.
N-Spleen cells incubated with F.II of T.F. 1%x108 8.5£0.6 $<0.01
N-Spleen cells incubated with F.IIT of T.F. 1%x108 10.6+0.5 $<0.005
N-Spleen cells incubated with C.F.*¥** 1x108 5.1+0.5

* Mean diameter of 24hr. induration (mm) of six guinea pigs =S.E.
** T F., : A fraction of transfer factor from spleen of VC guinea pig

*** N.S. : Not significant

*#ik C R, : Control factor from spleen of normal guinea pig

TF 2 X5y <2 ) VEZ D taget cell &TrIE
FEMf (Table 2) 2T, TF OFFEIC L2 in
vitro 12 $s17 H{EEER Y LTz, in vivo [ 31) % BifE &
R in vitro IR\ T FLIIL BB MBEETGMEL R
Doh (ERRIE24FEfE: 10.6+0.5mm, $<0.005),
F.I ClaloR@EcH o7 (F: 4.3£0.3mm), In
vivo DIEFAEERIC B\ TUMZEIEED i D bh gD
7o F.IL 255, in vitro TIMEEIFENGRD birie (F:
8.5+0.6mm, p<0.01),

Iv. % %=

Wb NIV AT s —T 7 2 X —EEbRARTIC
DU T, Lawrence® DU, Lo #ME N M bR
P10 UL LIRS F o RFCE IBSTORTFICE
X, o HUERRG DNVE R T BRI LT
BETE TRV, FFAEFCBE LTI shT
Wb,

LEY <z ) v RZ EZEEERT (TF) ©X%
in vivo OZHEEEROBHNEE X v, TF &5
DYz ) VIEFEMIIBERLIO 7 HETERED D
T, SHECHEDOLRICHERI D, HUFC X 2REHK
FETIRRWZ EMR S Tz, b L TF RIS E
FHCHEBIRENER Lic e T, BAKTHEDY
A7) VIEZHE 3 HA XD LRI HIITTH D,
7o e biE, BCG B X 2EENRED S &, BIEER7

BEZA XD Y2 ) v BEZENEUIC % O AMm
DHEFETH 5, Ouchterlony HEIZ X HFER LD, FHED
Fute TF X 0 HURED 5\ FLE 3B S hishoi
(Fig.2), LILED X 51 in vivo DEEER I ) ERT
iz iz TF @ X b IEHEN Y <2 ) v EEZ
FRET AL HEEDHBEYSLIEETHI L, B
OWUFIC X 5 RIE LRSI e 28l % & 5 L\ )
ZETHD,

TF 1z k % in vitro [ZRIT 3 IEEME N O (EEEHR
Lb, EEEEERLS 2B S B\ Ik 5 B OBE, mEX
RARETH DI CRFEET — %), SEIR S hicl &L
24 DEEFERF S DIRTH DT, & I TERH 23480
Mix i@ 15 a, MBEOEFENEL, SR04z
B35 & EIARARECTHOIclied, F—x & LTER
TBZ ENTE oDt TF o target cell I3 IEHEIY
DD B XIS EEL, U Y SEITIFE LI
HIBETH B & N in vitro 1T ksIT 5 EE L D B BT
SRt Ml & Mk SEmcFET 2 Mlla s LT T-cell
WNHY, Fo subset L LTI, YV AECEADHET,
MR o\ ik 7 Tr-cell!®~17 23 TF o target cell &
LTibHEz bhle, EBIREDBE Y <y ) vikEZ
iz T-cell K X2 THRBLEN D Z Lii—fcBD bR
TWAW®~20 X iz T-cell DighsTdh Ti—cell L
To-cell @ 2 FHHH, HH\WIE R LD subset > T-cell
WY R ) v EZEOFBICIBETHS S LGS
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SEDFEE L W IEFICERLD, Y2 ) VIEFZED
gL EET NG TR IR sy s ) viEEZE
DOFEEITIT Ti-cell A% target cell & LTEFFHRETH
H, = Ti-cell 23 X2 ) VRS EET L7290
i F24rEE o ALEETH D, = O Ti-cell ©
— % To—cel IZREN L, $HED D\ IIFEDHRIC X
DTV N2 ) VIREENFBL SN D LR SR, —
75 recirculating Tp-cell @ pool & X} T\>5 Y v i
Hpaeir, TR Xy~ ) VRS {EETE R
otz L X b, BENL7I: To-cell |3 L1301 i
HRHEET L2 I TERWHIATH S 2 EARENT,
ENTRWETH HEHD TF OFEME 7 B2 2\ T,
Sephadex G-75 #F\ T, 82D 551, Y~
7Y VIR OEREIEE A RN R, o TFYD
LB L FERET, BSA DT O 4 B H B EES RS B
i, F72 7S HED D LT BIEHNED B
A%, 198 ZrEH DINEEEEL R D b iad D7,
PEoz e, 4E TF du HiRE H 5\ ik Pk
NEEN T DG RECE 2R/ LT
¥, ¥7 TF |1 virgin Ty—cell #N1LTY A2 Y v
B MEREET 5 VR SR, TG &I
BVie L, 4 in vitro DEFEFER L &k LT EIE
BRIG DN %1570 5 FETH %,

V. #& B

1. TF (v =n2 ) VIEZWZHEERT) TX5,
in vivo Wkl % EEFER LD, TF 2 X 2{5EIL—8
PET, BAKS BRICY L2 ) VIEEZENTRD b,
L2 L7 BRI CEEEL, BAKIBATIRER
BREXRD BRI T,

9. TF iz X% in vitro kit 5E%FER L D, TF
L target cell & DIEFL 24 HNE TH D, TF O
target cell & UCIXIEHEM Ol 3 X O B HF1E
L, V VARG LR VMg TH DR, PEDFRME
Bt ML LTt T-cell ®35% T4 & D Sk
Ty-cell 3% b,

3. EMAETHS TF Oy <17 ) v RS kEE
IERIZS TR 15,000~67,000 DAEIC B\ THRD BRI,
BUR B 5 I P oI Shiensoic,

-

Fh kb A, i, MEEZEHY & LR
EEMEAIRCIE L Sl LR 97, FBFRE T, #
11y kA e AV o N g 0 1 R R L el B8
4, ERZETO S 2 THIB I W IcRW e SRR,
BRXTFR, ROZETFRCEH LTS,
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