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Influence of Sex and ABO Blood Group on the Normal Lymphocyte
Transfer Test
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Considerable interest has recently been shown in the normal
lymphocyte-transfer test, first described by Brent and Medawar
(1963). They showed that in guinea-pigs a local reaction of
varying intensity was produced by the intradermal injection
of homologous lymphocytes. This reaction was correlated with
the order of rejection of skin grafts when these were made from
the lymphocyte recipients to the lymphocyte donor. A similar
test was carried out in human beings by Gray and Russell
(1963), Bridges et al. (1964), and Goldsmith (1964).

Since the influence of ABO blood group and sex on the
reaction has not been previously reported in humans, an experi-
ment was designed to evaluate these factors. At the same time
an opportunity was taken to obtain detailed information about
the reaction.

Preparation of Lymphocytes

Aseptic precautions were observed throughout the procedure.
Thirty millilitres of blood was defibrinated at room temperature
by gentle shaking in a conical flask containing 12 glass beads.
Then 25 ml. of 3 % Dextraven in normal saline was added
and the suspension allowed to sediment for 30 minutes at
370 C., so that most of the red cells, neutrophils, and platelets
separated out, leaving a high concentration of lymphocytes in
the supernatant. The latter was then aspirated into a glass
tube and centrifuged for 10 minutes at 1,500 r.p.m. The top
layer was discarded from the tube except for approximately
1.5 ml., which was used to re-suspend the deposited cells.
These were allowed to sediment at 370 C. for 45 minutes in order
to remove more of the contaminating red cells, and the final
supernatant containing a high concentration of lymphocytes
was placed in a glass container. The number of lymphocytes

obtained in this way varied from 10 x 106 to 50 x 106 per ml.
in a total volume of approximately 1-1.5 ml. The final pre-
paration was contaminated with red cells to the extent of
50 to 75% of the number of lymphocytes. Few neutrophils
and platelets remained. This preparation was tested each time
for bacteriological sterility, and no organisms were cultured
from any preparation. The lymphocyte viability was tested with
trypan blue ; the number of dead cells was never more than 1 %.

Tests done at the National Institute for Medical Research
demonstrated that 3 % dextran in normal saline was completely
non-toxic to lymphocytes.
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Medicine, University of Liverpool, and the Artificial Kidney Unit,
Sefton General Hospital, Liverpool.

t Now at Renal and Electrolyte Division, Georgetown University Hos-
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Experiment

Twenty-four accredited blood donors (volunteers) were used,
12 of each sex. In order to avoid the possible dangers of
Rh sensitization (because a few red cells are inevitably injected),
all the women volunteers were post-menopausal. The men
were in the age-group 45-55 years.
The design, purpose, and possible dangers of the experiment

were fully explained to every volunteer on at least two occasions.
Four of the 24 volunteers (two men and two women) donated
lymphocytes; the remaining 20 each received one lymphocyte
dose from all four donors. The recipients were all group A,
Rh-positive, while the donors consisted of two males-one A,
Rh-positive, and the other B, Rh-positive-and two females-
one A, Rh-positive, and the other B, Rh-positive. Some of the
other minor blood groups were also determined, and these are
recorded in Table I.

It had been found in the pilot experiments (see below), using
different body sites, that the upper part of the flexor aspect
of the forearm was the most suitable for reading results, and
this area was therefore chosen for subsequent tests. The sites
were numbered 1 to 4 from right to left, there being two sites
on each arm. In order to eliminate as far as possible the
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influence of site on reaction, the suspensions were numbered

1 to 4 and selected randomly; the sites were used in the same

order (1 to 4) for each patient. The donors. each received
an injection of their own cells, which in no case produced a

response.

TABLE I.-Red-cell Typing of Volunteers

Sex No. ABO

Male
Female
Male
Female

Male

,.3

Female
,,$

,,.

,,1

,,

,,

,,

,,.

,,3

,,2

1

2
3
4

2
3
4
5
6
7
8
9
10
1
2
3
4
5
6
7
8
9
10

As
As
B
B

Ai
As
Ai
AS
Al
Al
A2
AS
Al
Al
A2
Al
Ai
Al
Ai
Al
Al
Al
Ai
A2

Probable
Rh

Genotype
MN S P

Donors of Lymphocytes
cDE/cde N +
CDe/cde MN +
cDE/cDE MN + +
CDe/cde MN +

Recipients of Lymphocytes
CDe/cde M +
CDe/CDe MN + +
CDe/cde MN +
CDe/cDe MN +
CDe/cde MN +
CDe/cde MN +
CDe/CDe MN + +
cDE/cde M + +
CDe/CDe MN + +
cDe/cde MN + +
CDe/CDe MN + +
CDc/cde M +
cDE/cde MN + +
CDe/cde MN +
CDe/cde N _
cDe/cde MN + +
CDe/cDE M + +
CDe/cDE MN +
CDc/CDc M + +
CDe/CDc MN +

Kell FY& Le

- + Leb
- + Leb

+

Leb
Lea
Leb
Leb
Lea
Leb
Lea
Leb

Lea
Leb

Leb
Le"
Leb

Leb

On the 1st, 2nd, 4th, and 11th day after the injections the
areas of the reactions were recorded by outlining them with a

ball-point pen and transferring this outline to 1-mm. square
graph paper. The transfer was effected by pressing a small
square of Sellotape over the inked outline; on removing the
Sellotape an impression of the outline remained on the adhesive
side, so that when this was stuck on to graph paper the

Sellotape outlines and areas in recipient (male 1), blood group
A. Inner rings represent a weal within an area of erythema.

number of squares within the outline could easily be counted.
The record of the area is thus permanent. The Diagram shows
the reactions in one of the 20 recipients.

Results

Before embarking on the main experiment a number of pilot
experiments on human volunteer patients had been performed.
In these a variable response was observed. As expected, injec-
tion of autologous lymphocytes did not cause a reaction, nor

did injections of isologous lymphocytes in one set of identical

twins. In one patient with carcinoma of the bronchus who
was being treated with corticosteroids and antimetabolites no

response occurred to a cell dose of 4.3 x 106 from an unrelated
donor. In other patients in the pilot survey and in the main
experiment homologous lymphocytes produced a double
response. The first reaction appeared after 12 hours; it was

read at 24 hours, when erythematous and clearly demarcated
from the surrounding skin. At 48 hours the reaction was more

intense and in some cases there was a central weal. This
reaction faded and had often disappeared by the fifth day,
although it sometimes persisted and merged with the second
reaction which appeared at the same site on the seventh or

eighth day. This had the same macroscopic appearances as

the first, but the size was often different. Hardness was difficult
to estimate and was therefore ignored.

In the main experiment, although readings of reactions were

taken at 24, 48, and 96 hours and at 11 days after injection,
the 48-hour response is used in the tables to represent the first
reaction. The figures in Table II represent the area of the
whole erythematous reaction in square millimetres. Except in
one case, no untoward reactions occurred in cell recipients.
This volunteer (female, No. 10) developed a generalized
urticarial rash one hour after the intradermal injection, and
collapsed, but recovered after 24 hours' treatment.

It was suspected that this reaction had resulted from sensi-
tivity to dextran, although so far as is known she had never

been previously sensitized. However, such reactions are not
uncommon after the administration of dextran preparations to
humans (Kabat et al., 1957). Circulating antibody to dextran
was not demonstrated, but, using the double-layer leucocyte-
agglutination technique of Ridges and Augustin (1964), anti-
dextran antibody was found on the patient's leucocytes, but
not in her serum, three months after injection of the leucocyte
suspensions. Further work is in progress to find out how
often such dextran antibodies are present in apparently normal
people.
The principal findings in the 20 recipients were as follows:
1. There was no significant effect of the ABO and other red-cell

antigens. Thus lymphocytes from A Rh-positive donors when
injected into 20 A Rh-positive recipients produced 32 positive first
reactions, whereas in the same recipients cells from the B Rh-
positive donors produced only 22 positive first reactions (Table II).
Had a difference in ABO antigens influenced the reaction the figures
might have been expected to be reversed. Nor did the minor blood
groups recorded appear to affect the reaction.

2. The sex of the donor and recipient did not detectably influence
the first or second reaction (Table II). A more sensitive way of
looking at this is in Table III in which the concordance and dis-
cordance between donor and recipient for both sex and ABO blood

TABLE II.-Areas of Skin Reactions in sq. mm.

Cell Recipients

Sex No.

Male .. .. 1

.11% ~~~2

6

8

33 ~~~~9
10

Fe .. ..

2

3

.13 ~~~4

.1.1
~~~5

V., ~~~6

.15 ~~~8
9

10

No. of lymphocytes per ml.

Volume of suspension injected

Approx. No. of lymphocytes
injected

Ad

1st 2nd

423 0

12 40
98 46
34 38
130 24
116 34
42 0
22 14
0 21

29 325
50 52
11 21
6 14
0 0

26 25
26 59
184 34
64 22
0 0

18 188

15-5 x 106
0-15 ml.

2-3 x 106

Cell Donors

A?
1st 2nd

140 0
40 22
8 14
0 0

240 34
125 17

0 0

25 14
32 0
0 143
0 0

90 28
38 22
0 0

75 13
14 22
18 11
32 19
30 0
14 27

16-0 x 106
0-15 ml.

1st 2nd

151 26
0 20

48 24
0 31

150 25
17 45
0 0

31 13
28 0
0 120
0 0

9 23
9 23
0 0

0 18
140 56

6 15
67 17
46 0
32 30.

17-0 x 106

0-15 ml.

2-4 x 10 2-5 x 106

1st

64
0

25
0

52
6
0

0

0

0

56
0

25
0

25
0

6
24
0

0

2nd

0

25
7

21
24
28
0

0

0

205
15
48
9
0

59
0

12
24
0

66

11-5 x 10'

02 ml.

2-3 x 106
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group are related to the mean area of the reaction. The reactions
were divided by area into five different classes and the number
of individuals in each class was found not to be affected by the
degree of concordance.

TABLE III.-Concordance of Reaction with ABO Blood Group and Sex

Concordance With Reaction

Donors ABO First Second
Blood Sex Mean Mean
Group Present Absent Area Present Absent Area

A!T . . + + 9 1 89-3 8 2 53-6
AX .. + + 8 2 31-1 7 3 14-2
Total .. 17 3 60-2 15 5 43 9

A! .. + _ 8 2 38-6 8 2 41-4
A? .. + _ 7 3 62-0 6 4 24.4
Total .. 15 5 50 3 14 6 32-95

B(! _ + 6 4 42-6 7 3 29-1
BY .. _ + 5 5 13-6 7 3 23-3
Total .. 11 9 28-1 14 6 26-2

BcT . _ _ 7 3 13-9 4 6 18-2
BY . _ _ 7 3 14-3 7 3 42-3
Total .. 14 6 14-1 11 9 30 2

+ indicates similarity. -indicates dissimilarity.

From Table IV it will be seen there were a surprisingly large
number of negative first reactions and also of negative second
reactions. One female volunteer was negative for all four of the
primary and all four of the secondary reactions, and did not react
when a repeat injection of the same cells was given after one month.
No evidence of a circulating factor toxic to the lymphocytes was
found on in vitro tests. It is unlikely that loss of viability of
lymphocytes was an important cause of negative reactions since the
same sample of lymphocytes produced positive and negative first

TABLE IV.-Grouping of Responses

Reaction
No.

First Second

Present Present 45
Present Absent 9
Absent Present 12
Absent Absent 14

reactions in different people. The high proportion of negative
reactors appears to be usual, for a repeat experiment using different
blood donors as volunteers (on this -ccasion unrelated for ABO
blood group and sex) gave a similar distribution of negative and
positive first and second reactions.

Discussion
If concentrated lymphocytes are considered as analogous to

a tissue graft, the first reaction in the present experiments could
be regarded as a graft-versus-host and the second as a host-
versus-graft reaction.

Interpretation of the second reaction is difficult because each
volunteer received four injections of different homologous
lymphocytes. Had any of these possessed antigenic material
in common the second response to this stimulus might have
been more pronounced. However, the areas of the second
reaction were as variable in size as the first, and the two did
not correlate.

The complete absence of a first response in some cases
suggests that the cell recipient has important histocompatibility
antigens in common with the cell donor, but as homografts are
almost invariably rejected it seems improbable that tissue from
so many negative reactors to their cell donors would have been
accepted. It is clear that the lymphocyte-test phenomena are
only part of the total picture, and it is to be expected that a
homograft from a cell recipient with a negative first reaction
to the lymphocyte donor would still be rejected.

In this experiment it was considered unethical to attempt
skin grafts because the volunteers were blood donors, but this
should be done if the real usefulness of the lymphocyte-transfer
test is to be put to the trial. Only tissue transplants will show
whether the test does give an indication of graft acceptability,
but our results do not suggest that it is a sensitive indicator.
However, tissue from donors selected by this test may have a
better chance of being accepted, especially if aided by immuno-
suppressive therapy in the recipient. It will be interesting to
see how the size of the weals in our experiments correlates with
the leucocyte typing of the recipients and donors. This work
is at present in progress and will be the subject of a further
paper.

Summary
An evaluation of the influence of ABO blood group and sex

on the normal lymphocyte-transfer test is presented, together
with a new technique for recording results. First and second
reactions were observed, and a high proportion of negative
reactions recorded. The results show that blood group and
sex have no influence on the reactions obtained. The test may
indicate degrees of incompatibility between graft recipients
and members of a tissue-donor panel. We wish to emphasize
the possible danger of intradermal injections of dextran.

ADDENDUM.-It is conceivable that blood-group iso-antibodies
could combine with corresponding antigens on donor lympho-
cytes and lead to some inhibition of the first reaction. This
possibility is at present under investigation.
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experiments. Our thanks are also due to Dr. R. Augustin for
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