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ADJUVANT EFFECT OF CORD FACTOR,
A MYCOBACTERIAL LIPID COMPONENT

Reiko SAITO

(Received for publication January 13, 1975)

M. tuberculosis acts as an immunological adjuvant which enhances production of humoral
antibody and induces delayed hypersensitivity. Its lipid fraction designated wax D had been
widely regarded as an active principle responsible for its adjuvant activity, based on experiments
in which guinea pigs were mostly used.

Recently, another lipid fraction, cord factor, but not wax D was reported to enhance antibody
production in mice. However, in this connection we considered that there are at least two points
to be clarified.  First point is whether impurities in the cord factor preparation used might
contribute to its adjuvant activity, since cord factor isolated by a usual method has been demon-
strated to be contaminated with considerable amounts of wax D and other components. Second
point is whether an adjuvant effect of a given mycobacterial component may be exerted only in
some specific animal species.

In the present study we investigated primarily these two points. For this purpose two highly
purified cord factor samples were employed; one was purified by DEAE-cellulose column chro-
matography and the other by pressure-accelerated chromatography. The cord factor samples and
appropriate antigens incorporated in the Freund type water-in-oil emulsion were injected into the
footpads.

Results were as follows:

1. In mice, the highly purified cord factor of as little as 1 mcg enhanced production of anti-
body.

2. In footpad test of mice, mycobacterial components including cord factor did not show such
a definite effect on the induction of delayed hypersensitivity.

3. In mice, 1 mcg of cord factor induced remarkable swelling of injected footpads.  When
doses of cord factor were increased, the local reaction became stronger and a probable correlation
was noticed between the degree of the local reaction and the adjuvant effect.

4. In guinea pigs, cord factor enhanced production of humoral antibody only slightly and
did not induce delayed hypersensitivity even with a dose of as large as 500 mcg.  The local
reaction at the injection sites was also very slight and transient.

5. In rats, 40 mcg of cord factor not only enhanced antibody production but also induced

* From the Research Institute for Diseases of the Chest, Faculty of Medicine Kyushu University,
Maidashi, Fukuoka 812 Japan.
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delayed hypersensitivity. The local reaction at the sites of injection was slight.

Above data indicate that, though tubercle bacilli as a whole act as a good adjuvant in many

animal species, their extracted components may act differently in different animal species; a

component active as adjuvant in one species may not be always active in another species and vice

versa,
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Fig.1. Cord Factor (Trehalose-6, 6’-dimycolate)
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CF : cord factor. AD6 :a subfraction of acetylated
Wax D. SL: sulfolipid. EA : eggalbumin. SRBC :
sheep red blood cell. HRBC: hamster red blood cell.
PPD: purified protein derivative. MBSA : methylated
bovine serum albumin. IFA :incomplete Freund
adjuvant. Tb-bacilli : tubercle bacilli.
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Fig. 2. Sulfolipid I
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(In the case of SL-III, the 6’ position is vacant.)
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Table 1. Effect of Cord Factor on the Antibody Production of Mice

No. of mice/group ‘r Antigen ‘ Test substance } Mean antibody titer (logs)*
(day 21) (day 28*)
3 Egg albumin ‘ Control (IFA) 7 10
i 250 mcg ‘ CF 20 mcg 9 14
1‘ [ AD®6 100 mcg 8 12
_ — I =
Hamster red blood ’ (day 17**) (day 24**%)
) Control 3 5.5
5 cell \
8% 107 | CF 10 mcg ; 7 7.8
| Tb-bacilli 100 mcg } 4 6.5

Sheep red blood cen\ (day 9)  (day 14)  (day 21)

6 8% 107 Control 3.5 4.8 6
i | CF 10 mcg 6 5.8 8.8
{ Tb-bacilli 50 meg | 5.5 7 8
i‘ (day 7)  (day 14) (day 21)
) | Control % 5 5.5 6.5
8 ‘ " CF 1mcg " 7 6.5 8
‘l Wax D 1 mcg 1.5 5.5 6.5
1 ” omcg 5.5 5 5
i (day 5)  (day 10)  (day 17)
6 4 . | Control 3 3 4.5
| CF 10mcg 4.5 7 8.3
| Wax D 100 meg 3 5.5 7

Amlgen and mycobdcten.‘l components were mcorporated in IFA and injected into left hind footpad
* Numbers in parentheses indicate days after immunization.

** Footpad test was performed on day 21.

*** Footpad test and secondary immunization were performed on day 10 and 24, respectively.
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Fig.3. Effect of Cord Factor and P3 on the

Antibody Production and Footpad
Swelling of Mice
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Days after injection

Six mice for each group were injected into left
hind footpads with SRBC (1x10%) incorporated in IFA
(O—0), or in IFA containing either CF 10 mcg (@—
®), or Ps 10 mcg (x—x). Vertical lines indicate
standard deviation of the group.
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Table 2. Effect of Aqueous Suspension of Cord Factor and Pretreatment with
Cord Factor on the Antibody Production of Mice to Sheep Red

Blood Cell in Saline

! Mean antibody titer (logz)
Pretreatment* Immunization

day 5 [ day 10 [ day 15

None SRBC in saline 45 | 65 | 6.0
” CF 10 mcg+SRBC in saline 5.0 } 7.0 6.5
Saline SRBC in saline 53 | 6.8 6.8
CF 10 mcg in saline " 6.8 | 8.0 3 7.5
Drakeol ” 4.5 6.1 i 7.0
CF 10 mcg in drakeol " 7.0 8.0 1 7.5

* Materials for pretreatment were injected 5 days before immunization at the same site as antigen

injection. 6 mice were used for each group.

Fig.4. Relationship between Footpad Swelling
and Adjuvant Effect of Cord Factor in
Mice
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Six to eight mice for each group were injected
into left hind footpads with SRB (1x108) incorporated
IFA containing various doses of CF. Maximal values
of footpad thickness and antibody titer are shown.
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Fig.5. Effect of Sulfolipid and Cord Factor on
the Footpad Swelling and Antibody Pro-
duction in Mice
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Days after immunization

Control mice were injected into left hind footpads
with SRBC (1x10%) incorporated in IFA (O—0).
Inocula for other groups contained sulfolipid III 100
mcg (x—x), cord factor 0.1mcg (@—@®@) or cord
factor 0.1 mcg plus sulfolipid III 50 mcg (A—A).

7 mice were used for each group.
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Fig.6. Effect of Cord Factor on the Footpad Reaction of Mice
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Six to ten Mice for each group were immunized and tested by egg
albumin (250 mcg, 50 mcg, respectively) PPD (10 mcg, 10 mcg), SRBC
(8x107, 4x107) and methylated bovine serum albumin (10 mcg, 10
mcg). Interval between immunization and footpad test were 11 days
(A), 14 days (B), 9 days (C) and 12 days (D).

Type of inocula: antigen in saline (O--O), antigen incorporated in
IFA (O—0), antigen incorporated in IFA containing CF 10 mcg
(@®@—®) and tubercle bacilli 100 mcg (x —x).

Table 3. Footpad Reaction of Mice Measured

at 24 hours
Antigen
Adjuvant EA |— 1 —
| SRBC | PPD ’MBSA
None : - | = — 3 —
IFA - + - o+
CF - B £ | 4+
Tb-bacilli I + + } +

+: Unequivocally positive

+: Not always positive; if positive, reaction is slight or
mo-erate

—: Unequivocally negative
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Fig.7. Effect of Cord Factor on the Footpad
Swelling of Mice
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Six mice for each group were injected into left hind
footpads with IFA containing various doses of CF.
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Table 4. Effect of Cord Factor on the Draining Lymph Nodes of Mice

Weight of lymph nodes (mg)**
Materials tested* — - —
Popliteal ‘ Inguinal
None 1.3+0.3 . 5.0+1.0
Saline L4iOJ>p<OOT { 6.4+1.6
CF in saline 4.6+2.2 b i 5.2+1.2
SRBC in saline 3.2+0.8 <0.01 | 5.4+1.4
CF+SRBC in saline 8.112.5)p ’ ! 5.8+1.0
Drakeol 4.1+1.0 ‘ 5.0+1.0
- 0.05 - p <0.025
CF in Drakeol | 7.712.8)p <005 i 9.2-5_-2.6) 7
SRBC in IFA 8.44+4.0 4.6+0.6
me = ‘ L o)P<0.001
CF+SRBC in IFA 10.8+3.1 | 27.2+4.8

* Each substance was injected at the hind footpads of 5 mice for each group 12 days
previously. 10 mcg of CF were either suspended in saline or disolved in oil.

** Mean value+standard deviation.

Fig.8. Effect of Cord Factor Injection in the
Different Vehicles on the Footpad Swel-
ling of Mice

)/

100" J
= r———~"”' CF 10 meg in IFA
=
)
wn
g
E ' 1 CF 10 mcg in saline
e i ;
20 EEE———
i J IFA
N — o & lSalme
5 10

Days after injection

Five mice for each group were injected into left
hind footpads with CF 10 mcg in IFA (@—@), or, in
saline (@-@®). Control mice were injected with IFA
alone (O—O0), or saline alone (O--O).

Fig.9. Effect of Cord Factor on the Weight of
the Popliteal Lymph Node of Mice
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Days after injection
Six mice for each group were injected into left
hind footpads with IFA (O—0), or IFA containing
CF 10 mcg (@—@®).
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Fig.10. Effect of Cord Factor and Antigen (SRBC)
on the Weight of the Inguinal Lymph
Node of Mice
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Days after injection

Six mice for each group were injected into left
hind footpads with IFA (O—0O), or IFA containing
SRBC (1x10%) (O—--0O), CF 10 mcg (@—®), or both
(®-—--@).
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Table 5. Effect of Cord Factor on the Immune Response of Guinea Pigs

: —
Materials tested Mean antibody Corneal reaction Mean diar?llt’;:r rg?citrll‘z‘l?lration (mm)
titer (logz) No. positive/total 6h 24 h 48 h

Exp.1 IFA (Control) 6.3 0/5 12.5+2.5 6.6+1.4 3.7+£0.9
CF 50 mcg 8.4 0/5 10.5+1.6 5.5+1.0 3.0+0.7

Tb bacilli 100mcg 10.6 5/5 10.4+2.1 9.8+1.6 8.5+1.1

Wax D 500 mcg 11.1 5/5 10.2+1.9 8.2+1.3 6.4+0.6

Exp.2 IFA (Control) 2.8 0/5 14.8+1.9 8.9+0.9 4.2+0.7
CF 500 mcg 4.5 0/5 14.5+1.3 9.0+1.1 | 4.0+0.9

AD6 500 mcg 7.1 4/5 16.1+2.4 | 10.2+1.0 7.4+0.9

Immune responses were measured 4 weeks after sensitization with 1mg of EA incorporated in IFA, or in IFA

containing mycobacterial components.

* Doses of test antigen were 10mcg and 50 mcg for Exp.1 and 2, respectively.

Fig.11. Effect of Cord Factor on the Footpad
Swelling of Guinea pigs
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Days after injection

Five guinea pigs for each group were injected into
left hind footpads with IFA (O—O), or IFA con-
taining CF (@—@).

D, T AEOTEMO LHAR bR ins, FEEES
ﬂ?DiléLﬁ W2 LEREOLOTH DI,

2. SRIEEIRK

EA &{E 458 &®&Wﬁffm,FF%%uvDﬁ%
BETIT 24, 48 BT BB X Y KEVEERF L E L7208
CF BT RBEICHEIL TERR LN ND, [FRF
2T OB S T 4, FEEE, = v DRETIR2M),
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Table 6. Effect of Cord Factor on Antibody
Production of Rat

Mean antibody titer (logs)

Materials tested
day 10 ‘ day 15 ‘ day 21*

Exp. 1 ‘ ‘
IFA (Control) 4 7.8
CF 40 mcg } 6 } 9.2
Wax D 200 meg 3 ‘ 6 | 8.9
Exp. 2
IFA (Control) 5.3 7.0
CF 250 mcg 3 6.3 9.3
Wax D 500 mcg 6.5 8.5

Five rats for each group were immumzed with 100
mcg of EA incorporated in IFA or in IFA containing
mycobacterial components.

* Skin test was performed 15 days after immunization.

1. FifkEL

#6 DX 5z, CF 40mcg ¥ XU 250 meg {2 X T,
EA 23t DHUREAT 2 ~ 4 {EiIc iR S hiz, Wax D
200 meg #3 XU 500 meg iz k5T [REIRED FEAL
Hhize

2. BAERIEE

EA B{FISH BICIT o2 RIS T, 4 BRI%IZIE
BRHELERL L, BRELVBMTH -, 24 BR%IC
3, M120Xk 51 CF #H XU v D BT, IFA B
(CHERL, BEOWEROMA L RFRELKL, 485D
fel, BI6 2 BRI EAVT S iz,

3. HH RO

EA TR{ET Bz, CF 40meg iz Tist & h
FREIZBEC T, HI13A © X 52 BFTOEE L 0 BE
EEMNID DT, 250meg TiE, K13B DX Siz, %t
BT 5 LHEOEANR R bRz, <9 2D
BICHERL T, M TRETH 7,
PEDORERE, Lic7 vy MORICE L Tl
WZELEDHDHLETDLEY TH D,
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Fig.12. Effect of Cord Factor on the Skin
Reaction of Rats
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Five rats for each group were immunized with EA
(100 mcg) incorparated in IFA (O—0O), or in IFA con-
taining either CF (@—@®), or Wax D (x—x). Skin
test was performed 2 weeks after immunization.
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DFETHHES 7z CF i2id, F L LT trehalose-6, 6/
TEN T AIEND, xR S25E
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Fig.13. Effect of Cord Factor on the Footpad
Swelling of Rats

% A. Cord factor 40 mcg
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Days after injection
Five rats for each group were injected into left

hind footpads with EA (100 mcg) incorporated in IFA
(O—0), or incorporated in IFA containing CF (@ —@®).

Table 7. Comparison of Activity of Mycobacterial
Adjuvant among Some Animal Species

~ Tubercle

' bacilli

} Ab* DH'* Ab  DH AL DH

Cord factor' Wax D

Mouse | Tt ‘ ? i ? ‘ + ‘ ?
Rat 1 } o4 |
Guinea pig | 1 ‘ T o -

* Enhancement of annbody production.
** Induction of delayed hypersensitivit:.
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ENEEL LD,

EZThHhbiut, 2HHEORR CF 2 v THER &
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k&_/rd‘,ﬁﬁ‘fm v hMEB IO Ribi OFFEL7 v =
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terium FROLOLELRLT 2250 MO R L G ET
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L a—EETa <, &% 32 =2 Corynomycolic acid #
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