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The production of contact sensitivity by the injection into the footpads of recipients
of the lymph node cells from mice 1 day after painting the skin with contact

sensitizing agent: requirement for matching at the major histocompatibility complex
between donor and recipient mice
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Summary. Donor mice were painted on the skin of the
abdomen with the contact sensitizing agent, oxazo-
lone. One day later 2-5 x 106 cells from the regional
lymph nodes were injected into the footpads of reci-
pient mice. Contact sensitivity was detected 6 days
later by challenging the ears of the recipients and
measuring the increase of thickness at 24 h. Good
contact sensitivity was obtained when CBA cells were
injected into CBA mice and BALB/c cells injected into
BALB/c mice; the injection of BALB/c (H-2d) cells
into CBA (H-2k) mice and vice versa failed to give rise
to contact sensitivity. Hybrid F1 cells gave interme-
diate responses. The contact sensitivity caused by the
injection of small numbers of lymph node cells into the
footpad is interpreted as a mode of active immuniza-
tion and the present results show that this only occurs
when there is genetic matching at the major histocom-
patibility complex between the donor and the recipient
mouse.

INTRODUCTION

This paper studies the effect of painting the skin of
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donor mice with contact sensitizing agent and inject-
ing their regional lymph node cells one day later into
recipient mice. When the cells are injected into the
footpads of the recipient mice, contact sensitivity de-
velops after 3-4 days (Asherson & Mayhew, 1976;
Asherson, Zembala & Mayhew, 1977). This is due to
an active immunization process and not to the passive
transfer of effector cells which mediate contact sensiti-
vity. The evidence for this is that contact sensitivity
only appears after a latent period of several days and
that the cells still give rise to contact sensitivity after
irradiation at 2000 rad. More indirect evidence is pro-
vided by the fact that irradiated cells cause DNA
synthesis in the regional (popliteal) lymph nodes (un-
published data).

This system of the injection of cells into the footpad
might be useful for the analysis of the induction stage
of the contact sensitivity reaction. It is first necessary,
however, to exclude the possibility that the cells in-
jected into the footpad give rise to contact sensitivity
because they carry unaltered contact sensitizing agent
on their surface. The fact that dead cells do not cause
contact sensitivity when injected into the footpads is
some evidence against this view but the interpretation
of this observation is difficult as dead cells are handled
differently from live cells when they are injected into
the recipient. To show that the injected cells played a
critical role in the induction of contact sensitivity and
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did not act simply as 'passive transport' for contact
sensitizing agent, a study was made of the ability of
cells to induce contact sensitivity when the donor and
recipient were genetically different. This paper shows
that genetic differences between the donor and reci-
pient at the major histocompatibility complex pre-

vented the production of contact sensitivity following
injection of cells into the footpad.

MATERIALS AND METHODS

Mice
Specific pathogen-free mice were bred locally at the
Clinical Research Centre and used at 8-16 weeks.
Mice of one sex were used in any one experiment.

Preparation of donors and injection of cells into the
footpad
The skin ofthe abdomen and lower thorax was clipped
with electric clippers and 01 ml of 30% ethanolic
oxazolone (4-ethoxymethylene-2-phenyloxazolone:
BDH, Poole, England) applied. Two drops were also
applied to the forepaws. Between 18 and 24 h later the
regional (inguinal and shoulder girdle) lymph nodes
were taken, dissociated and the cells spun down and
washed once. Each recipient mouse was given
2-0 x 106 cells in 0-1 ml divided between both hind
footpads.

Assessment ofcontact sensitivity
Four or six days after the injection of cells into the
footpads both sides of both ears of the recipients were
painted with 1% oxazolone in olive oil. The increase of
thickness of the ear at 24 h was measured with an

engineer's micrometer and expressed in units of
10- 3cm+standard deviation. Five mice were used in
each group and a group ofmice which received no cells
was also included as a negative control. Student's two
tailed t test was used. Statistically significant implies
P<0-05.

RESULTS

In the following experiments donor mice were painted
on the skin with the contact sensitizing agent, oxazo-

lone, and I day later 2-0 x 106 of their regional lymph
node cells were injected into the footpads of groups of
five recipients. Contact sensitivity was detected in the
recipients 6 days later by challenging the ears with 1%
oxazolone and measuring the increase in thickness at
24 h in units of 10- 3 cm.

The first experiment investigated whether the injec-
tion of lymph node cells caused contact sensitivity
when the donor and recipient mice differed at the
major histocompatibility complex (MHC). Table 1

shows that syngeneic injections of CBA (H-2k) cells
into CBA mice and BALB/c (H-2d) cells into BALB/c
mice produced excellent contact sensitivity which was

comparable to the reactions seen in mice immunized

Table 1. The production of contact sensitivity by the injection of
lymph node cells, taken I day after painting with oxazolone, into
the footpads of recipients differing at the major histocompatibi-
lity locus

Contact sensitivity
Donor of cells* Recipient of cells in recipientt

CBA (H-2k) CBA (H-2k) 9.1 + 1.35
BALB/c (H-2d) CBA 5 8±0 15t
None (-ve control) CBA 5 5 + 0-38
BALB/c (H-2d) BALB/c (H-2d) 110 + 327
CBA (H-2k) BALB/c 3-3+± 78:
None (-ve control) BALB/c 2 8 + 1 44

* A total of 2 x 106 cells were injected into the hind footpads of
each of five recipients.
t Contact sensitivity was assessed by the increase of ear thickness
in units of 10-3 cm+ SD on challenge 6 days after the cell
injection. The contact sensitivity in CBA and BALB/c mice im-
munized by painting with 3% oxazolone was 102 + 198 and
164+ 4-47 respectively.
t These reactions are not significantly different from the negative
control.

Table 2. The production ofcontact sensitivity by the injection
of lymph node cells, taken I day after painting with oxazo-
lone, into the footpads of recipients sharing the same major
histocompatibility locus

Contact sensitivity
Donor of cells Recipient of cells in recipient

BALB/c BALB/c 8-5 + 4.09*
DBA/2 BALB/c 12.4 + 3-19*
None (-ve control) BALB/c 0-74 + 025
DBA/2 DBA/2 9-5 + 1-20*
BALB/c DBA/2 9.7 + 1.86*
None (-ve control) DBA/2 2 6 +0 48

* These reactions are not significantly different from each
other.
The mice were challanged 4 days after the injection of cells
into the footpad.
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by painting. However, allogeneic injections from CBA
mice into BALB/c recipients and vice versa failed to
produce contact sensitivity.
BALB/c and CBA mice differ at both the MHC and

other loci. To investigate the importance of the MHC,
BALB/c and DBA/2 mice, which have identical MHC
but differ at other loci were studied. Table 2 shows that
the injection of cells from BALB/c into DBA/2 mice
and vice versa gave rise to excellent contact sensitivity.
This suggested that the failure of the injection ofCBA
cells into the footpad of BALB/c mice to cause contact
sensitivity was due to differences at the MHC and not
at other loci.
To investigate the possibility that BALB/c cells

failed to produce contact sensitivity when injected into
CBA mice because they were rejected, experiments

were undertaken in which F1 hybrid cells were injected
into recipients. Table 3 shows that syngeneic CBA cells
gave good contact sensitivity, allogeneic BALB/c cells
failed to give rise to contact sensitivity, while F1 hybrid
cells gave intermediate responses. Mixtures of CBA
and BALB/c cells behaved like CBA cells alone and
there was no evidence that the BALB/c cells interfered
with the contact sensitivity produced by CBA cells.
Table 3 also shows that parental and F1 cells gave rise
to similar reactions when injected into F1 hybrids.

In further studies cells from congenic mice were

injected into B. 1O (H-2b) mice. Cells from 5R mice,
which share the K, IA and IB regions with B. 10 mice,
gave bigger reactions than those from 4R mice which
share the IB, IC, S and D regions (Table 4). Similar
results were obtained in a second experiment.

Table 3. The production of contact sensitivity by the injection of lymph node cells taken one day
after painting with oxazolone, into the footpads of recipients: studies with F1 hybrid cells

Recipient Contact sensitivity in recipient
Donor of cells of cells Exp. 1 Exp. 2 Exp. 3t

CBA (H-2k) CBA (H-2k) 8-6 +2-49 8-9 + 1-63 6-5+0-72
BALB/c (H-2d) CBA 3 9+ 1 25 3-8 +0 77
(CBA x BALB/c) F1 CBA 5-8 + 1-62 6-1 + 1 39 4 9+ 1-55
*CBA+BALB/c CBA lO4+2-69
None (-ve control) CBA 3 9+ 119 42+097 21 +0-80
CBA (H-2k) (CBA x BALB/c) F1 7 6+ 194
BALB/c (H-2d) (CBA x BALB/c) F, 7-8 + 0-76
(CBA x BALB/c) F1 (CBA x BALB/c) F1 7-2+ 1 67
None (-ve control) (CBA x BALB/c) F1 3-6+ 1-40

* 2 x 106 CBA and 2 x 106 BALB/c cells injected
t Mice challenged 4 days after the injection of cells into the footpads in Exp. 3.

Table 4. Production ofcontact sensitivity by the injection oflymph node cells taken one
day after painting with oxazolone, into the footpads of congenic B1O recipients

Recipient Contact sensitivity
Donor of cells* of cells in recipients

K IA IB IJ IE IC S D
B1O b b b b b b b b BIO 8-0+1-10
BIOA(4R) k k b b b b b b BlO 5 8+0-41
BIOA (5R) b b b k k d d d B1O 8-5+081
None(-vecontrol) B1O 2-3+0-74

The regions of the MHC shared between the donor and recipient are in bold. The
reactions produced by4R cells are significantly smaller than those produced by SR cells.

* 5 x 106 cells were injected into the footpads.
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DISCUSSION

This paper studies the occurrence ofcontact sensitivity
when cells from the regional lymph nodes of mice are
taken 1 day after painting with the contact sensitizing
agent oxazolone, and injected into the footpads of
recipient mice. The occurrence of contact sensitivity
is subject to genetic restrictions. The recipient mice
develop little or no contact sensitivity if the major
histocompatibility complex of the donor and recipient
is different. In particular CBA (H-2k) and BALB/c
(H-2d) mice gave no reactions when lymph node cells
from one strain were injected into the other although
syngeneic injections gave good reactions. Non-MHC
differences appeared unimportant and good reactions
are found when cells are injected from BALB/c into
DBA/2 mice and vice versa. These strains have the
same MHC (H-2d) but differ at other loci. More
detailed analysis in congenic mice suggested that the
left hand side of the MHC was more important than
the right hand side.
These findings are consistent with other observa-

tions on the requirement for genetic matching. There is
a requirement of matching in the K or D regions
between the sensitizing and target cells in the killing of
virus infected and hapten modified cells (Doherty,
Gotze, Trinchieri & Zinkernagel, 1976). Matching in
the I-A region is required for the collaboration of
macrophages and T cells, and T and B cells in the
primary antibody response (Erb & Feldmann, 1976),
for the intracellular killing of bacteria (Zinkernagel,
Althage, Adler, Blanden, Davidson, Kees, Dunlop &
Schreffler, 1977) and for the passive transfer of
delayed hypersensitivity to fowl gammaglobulin.
Matching in the K, D or I regions is required for the
passive transfer of contact sensitivity (Vadas, Miller,
Whitelaw & Gamble, 1977).

There are several possible explanations for the gene-
tic restriction found in the present system. It is unlikely
that the restriction is due to the rejection of allogeneic
cells when they are injected into the footpad. This is
because F, cells give rise to contact sensitivity while
allogeneic cells fail to do so, although both are liable to
be rejected.

It is probable that the immediate stimulus for the
induction of contact sensitivity is hapten associated
with syngeneic major histocompatibility complex
antigens. The need for syngeneic MHC antigen may
arise for several reasons.

(a) The mouse may have a repertoire of T cells
which recognize oxazolone linked to syngeneic

MHC antigens but fewer or no cells which
recognize oxazolone linked to allogeneic MHC
antigen. (See Zinkernagel, Callahan, Althage,
Cooper, Klein & Klein, 1978).

(b) Contact sensitivity may show carrier specific for
the MHC antigens, i.e. when contact sensitivity
is induced by oxazolone associated with a par-
ticular MHC antigen the skin reaction can only
be elicited by oxazolone associated with the
same antigen (Miller, Vadas, Whitelaw & Gam-
ble, 1976).

(c) The cell collaboration between the injected and
recipient cells needed for the induction of con-
tact sensitivity may only occur when these cells
show matching of the MHC.

The findings summarized in the introduction show
that the contact sensitivity which occurs after the injec-
tion of cells into the footpad is due to cells which
actively immunize the recipient and not to the transfer
of effector cells. The view might be held that this
contact sensitivity was simply due to the injection of
unaltered contact sensitizing agent which was trivially
injected together with the cells, and that the properties
of the injected cells were of little importance. This view
is excluded, however, by the finding of genetic restric-
tion.
At a practical level the injection into the footpad of

T cells exposed to transplantation antigen in vitro has
been used to analyse the induction of graft rejection
and cytotoxic T cell responses (Cohen & Livnat, 1976).
The present conclusion that the immunization process
initiated by the injection of cells into the footpad is not
due to the trivial carry-over of unaltered contact
sensitizing agent should facilitate a similar analysis of
the induction of contact sensitivity.
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