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INDUCTION OF DELAYED-TYPE HYPERSENSITIVITY TO PROTEIN
ANTIGENS GIVEN INTRADERMALLY TOGETHER WITH
PPD IN BCG-SENSITIZED GUINEA PIGS

Tetsuro KATAOKA* and Tohru TOKUNAGA

(Received for publication March 24, 1979)

BCG-sensitized guinea pigs were injected intradermally(id) with either 2ug PPD alone, 2-0.02ug
PPD plus 100¢g bovine serum albumin (BSA), or 100pg BSA alone. Two weeks later, the animals were
skin-tested with 5ug BSA. Positive delayed-type hypersensitivity (DTH) skin reactions to BSA sized
more than 10mm in diameter were observed only in the animals which were injected id with PPD plus
BSA (Table 1). When 1pg of bovine gamma globulin (BGG) was used instead of BSA, similar adjuvant
effect of DTH to PPD on the induction of DTH to BGG was observed (Table 4). Arthus-type skin
reaction had never been demonstrated. The DTH reactions induced were antigen-specific.

By the similar way, the adjuvant effect of DTH skin reaction to BGG was also tested ; normal guinea
pigs were sensitized with subcutaneous injection of Img BGG mixed with Freund’s complete adjuvant,
and challenged with 5pug BGG plus 100pg BSA 3 weeks later. Three weeks after the challenge, these
animals were skin-tested with 5ug BSA. Although significant level of DTH to BGG was developed
in these animals, no positive reaction to BSA was detected (Table 3).

Normal guinea pigs were injected id with crude lymphokines, obtained as a culture supernatant
of spleen cells of a BCG-sensitized guinea pig mixed with PPD, plus 100pg BSA, and skin-tested with
5pg BSA 3 weeks later; no DTH to BSA was observed (Table 2). It is suggested that so-called tuber-
culin-type reaction, but not Jones-Mote-type reaction, is required for the adjuvant effect of DTH on
the induction of the DTH to an unrelated antigen located at the site of the former DTH.

The intensity of DTH reaction to PPD seemed to affect the induction of DTH to BSA or BGG;
in the BCG-sensitized guinea pigs challenged with 2pg PPD plus 100ug BSA, or 2ug PPD plus 1 ve
BGG, 3 of 5 animals and none of 5 developed DTH to BSA or BGG, respectively, whereas all of the
animals challenged with 0.02p4g PPD plus 100¢g BSA, or 3 of 5 challenged with 0.02ug PPD plus 1pg
BGG showed positive DTH reactions to BSA or BGG, respectively (Table 4). The sizes of the DTH
reactions induced were larger in the latter group than in the former group (Table 4). It is possible
that too vigorous inflamatory response to PPD reduce the adjuvant effect on induction of DTH to

protein antigens.

* From the Department of Tuberculosis, National Institute of Health, 10-35, Kamiosaki 2—chome, Shinagawa-ku,
Tokyo 141 Japan.
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Table 1.
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Induction of DTH to BSA Given Intradermally Together with

PPD in BCG-sensitized Guinea Pigs

Intradermal injection

Skin reaction at the
injection site

Skin reaction to BSA
after 2 weeks

BSA 100pg alone
BSA 100pxg + PPD 2pg
BSA 100pg + PPD 0.2pg

23.5+0.8
20.1%1.1

0 0 (0/8)*
9.3+7.9(4/6)
17.9+4.6(6/6)

BCG-sensitized guinea pigs were injected intradermally with BSA together with or without
PPD. Skin reactions at the injection sites were measured after 24 hrs. Two weeks later,
the animals were skin-tested with 5zg of BSA. Skin reactions were expressed as the mean

(mm)=S.D.

* No. of animals with positive skin reaction(larger than 10mm)/No. of animals tested.

Table 2.

Induction of DTH to BSA Given Intradermally Together with

PPD, BGG or SRF in Normal Guinea Pigs

Intradermal injection

Skin reaction at the
injection site

Skin reaction to BSA
after 2 weeks

BSA 100ug alone 0 0
BSA 100pg + PPD 5Spug 0 0
BSA 100pg + BGG 5pug 0 0
BSA 100pxg + SRF* 22.4+2.2 0

Normal guinea pigs were injected intradermally with BSA together with or without PPD,
BGG, or SRF. Skin reactions at the injection sites were measured after 24 hrs. Two weeks
later, the animals were skin-tested with 5¢g of BSA. Skin reactions were expressed as the

mean(mm) +S.D. (5 animals).

* BSA was dissolved in SRF at a concentration of 100pg/0.1m/, then injected.

Table 3. Induction of DTH to BSA Given Intradermally Together with BGG in
BGG-sensitized Guinea Pigs
Sensitization Intradermal injection Skin reaction at the Skin reaction to BSA
J injection site after 3 wks.
BGG alone BSA 100pg + BGG 5ug 0 (0/4)* 0
BGG + CFA BSA 100gg + BGG 5pg 10. 6+4. 2(8/10) 0
BGG + IFA BSA 100pg + BGG 5Spug 0 (0/10) 0

Normal guinea pigs were sensitized by subcutaneous injection of 1mg of BGG with/without complete (CFA)
or incomplete Freund’s adjuvant (IFA), and three weeks later, challenged intradermally with 100zg of BSA
together with 5pg of BGG. Skin reactions at the injection sites were measured after 24 hrs. Then, three
weeks later, the animals were skin-tested with 5#g of BSA. Skin reactions were expressed as the mean(mm)

+8.D.

* No. of animals with positive skin reaction (larger than 10 mm)/No. of animals tested.
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Li-& Zic, BSA 100pg 75 —FEC B TEST S H7eas,
3 EBICFz BSA w45 DTH 1%, BGG RifEn
R LThieerEy MEREWTh, B> T
mote, Tiobh, BGG kb DTH B &G i,
PPD 1z k 5 Fh &2 T, BSA BRI LCT ¥ a
AV NVREREIRE fn ot

% 11K LT, PPD ofic X v DTH ofir
T HEE, FOMINPEINLEARHRLII, £ Z
=, PPD oE% 2pg~0.02pg & 10 f5HE T 3 BRSO
EEXED, ThEh BSA 100pg & T ELHLT,
BSA %32 DTH 2R T 2EE L RIEORES &

M~ fo, R, BSA Listo BGG, EA x5
DTH i i85 5 & dkic, RIGORRYE
A LR L1z, F i £ % T, BGG, EA % 100~10pg
BHVS L, BPHTHR A LR T DTH 235832+
B NGl D T, lpg LA LEERAGE, 0
EROF Y, F41TR L, EA Bitd DTH o,
MNRHB BRI EHRCT, RO 3 HmRH LM E DT,
7 bb, (1) BSA, BGG wxf+ 5 DTH Rz ic,
PPD [t x5 RGN 72 2 v P BIRERLI,
(2) B3z L7 DTH 1%, B(E R TH O,
(3) DTH o+ 5%EE, £ O3 Sk PPD ofF
(F7sbb, PPD 2 k5 EHIGO®RS) &, RKEGIF



416 R T AR KR

Table 4. Adjuvant Effect of DTH Skin Reaction on Induction of DTH to BSA,

BGG or EA in BCG-sensitized Guinea Pigs
DTH skin reaction to
DTH to PPD
BSA BGG EA

BSA 100¢g alone 0 0.6%1.3*(0/5)** 0 0/5) 3.0+3.7 (0/5)
BSA 100pg + PPD 2pg 24, 4+1. 5% 8.8+5.9 (3/5) 0.4%+1.3 (0/5) 1.4+3.1 (0/5)
BSA 100pg -+ PPD 0.2pg 17.6%1.1 10.0+3.9 (3/5) 0 (0/5) 3.0+£2.1 (0/5)
BSA 100pg + PPD 0.02pg 14.2+1.9 16.6+4.0 (5/5) 1.4+3.1 (0/5) 4.4+3.0 (0/5)
BGG lpug alone 0 0 0/5) 0.6+1.3 (0/5) 0 (0/5)
BGG 1pg + PPD 2pg 20.0+2. 4 0 (0/5) 0 (0/5) 0 (0/5)
BGG 1pg + PPD 0.02pug 14.4*1.3 0 (0/5) 7.4%6.9 (3/5) 0 (0/5)
EA lug alone 0 0 (0/3) 0 0/3) 20.7+ 2.5(3/3)
EA lpg + PPD 2pg 20.3+0.6 0 (0/3) 0 0/3) 14.0£12. 2(2/3)
EA lpg -+ PPD 0.02pg 15.3+0.6 0 0/3) 0 (0/3) 15.0+£13.0(2/3)
PPD 2ug alone 20.2+1.6 0 (0/5) 1.6+2.3 (0/5) 1.6+ 3.6(0/5)

BCG-sensitized guinea pigs were injected intradermally with BSA, BGG or EA with or without PPD. Two weeks later, the

animals were skin-tested with 5pg each of BSA, BGG and EA.

* Mean (mm) +S.D. after 24 hrs.

** No. of animals with positive skin reaction (larger than 10 mm)/No. of animals tested.
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