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Summary

The response of lymphocytes to phytohaemagglutinin was
tested as an index of lymphocyte function in patients with
acute lymphoblastic leukaemia in remission. No significant
differences were found in the results of tests on lymphocytes
from patients treated with B.C.G. and those from patients
given methotrexate, nor was any difference detected between
patients and controls.

Introduction

There is some evidence that immune reactions, either natural
or artificially enhanced, may play a part in the response
to treatment of acute lymphoblastic leukaemia (Mathe, 1969).
If so, it is probable that lymphocytes are involved, and it
becomes important to know, firstly, whether there is any
defect in lymphocyte function in acute lymphoblastic leu-
kaemia; secondly, the effect, if any, of treatment, including
immunotherapy; and, thirdly, if the length of remission is
related to lymphocyte reactivity. In recent years many differ-
ent functions and products of lymphocytes have been des-
cribed, but satisfactory standardized tests are few; one which
has been most widely used is the response of blood lympho-
cytes to phytohaemagglutinin. By any technique this test
gives quite a wide range of normal variation, both from
one individual to another and from time to time in the same
individual, but in some congenital and acquired immunity
deficiency states a lack of responsiveness can be clearly
shown (Lischner et al., 1967; Levene, 1970; Marshall et al.,
1970). We have used this test as an index of lymphocyte
function in patients with acute lymphoblastic leukaemia in
remission on various forms of therapy.

Patients

Forty patients with acute lymphoblastic leukaemia were stud-
ied. Twenty-two patients had been entered in an immuno-
therapy trial conducted by the M.R.C. Leukaemia Committee,
designed to compare the efficacy of B.C.G. and methotrexate
for maintenance of remissions. It is described in more detail
in a preliminary progress report (Medical Research Council,
1971). These patients had all received a five-month course
of chemotherapy, including prednisolone, vincristine, mer-
captopurine, methotrexate, and L-asparaginase; 12 were sub-
sequently maintained on weekly BCG and six on metho-
trexate, while five received no further therapy until relapse.
Eight of these patients were being treated at the Hospital
for Sick Children, 10 at the Birmingham Children's Hospital,
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and four at the Royal Marsden Hospital. The remaining
18 patients (all from the Royal Marsden Hospital) had
received similar chemotherapy but without L-asparaginase-
eight were receiving weekly B.C.G. when tested and 10
were on no therapy. Blood samples were taken seven days
after the preceding dose of B.C.G., or three days after the
preceding dose of methotrexate. Ninety-five tests were per-
formed at the Institute of Child Health on the 18 patients
from the Hospital for Sick Children and the Birmingham
Children's Hospital (1 to 12 tests per patient), and 35 tests
at the Royal Marsden Hospital on their 22 patients (one to
five tests per patient).

Methods

Lymphocytes were separated by simple settling of red cells
from heparinized blood; in a few cases carbonyl iron and
methyl cellulose were used to remove polymorphs (Coulson
and Chalmers, 1967). Transformation by phytohaemagglutinin
was tested at the Institute of Child Health by a modification
of the method of Marshall et al. (1970) and at the Royal
Marsden Hospital by a modification of the method of Penty-
cross (1968). In all cases the cells were cultured for 72 hours
with and without phytohaemagglutinin, and the degree of
transformation assayed by the uptake of tritiated thymidine
into trichloroacetic-acid-precipitable material, as measured
by liquid scintillation counting. Control cultures of lympho-
cytes from one or two healthy adults were run in parallel
with each of the test cultures.
Each patient's response was expressed as a percentage

of the corresponding mean control response, after subtraction
of the unstimulated from the stimulated count in each case.
Since the distribution of these percentages was approxi-
mately log normal, log transformations were used for statistical
analysis.

Results

Using the mean log response of each patient no significant
difference was found between the results obtained in each
laboratory, either for all treatment groups together or for
B.C.G. and no-treatment groups separately. Because ap-
preciably more tests per patient were carried out at the
Institute of Child Health than at the Royal Marsden Hospital,

Mean Phytohaemagglutinin Response of Leukaemic Patients According to
Treatment

Treatment No. of Mean PHA _ _Patienta Reaponae* t P
B.C.G. 19 1 9468 0-0752 >0-25 N.S.No therapy 15 1-9042 j
B.C.G. 19 1 9468 }0-7162 >0 25 N.S.Methotrexate 6 2 0742 }

No therapy 15 1-9042 11.462 >0.1 N.S.Methotrexate 6 2,0742 f
All patients 40 1-9499 } 2 >025 N.S.Controls 40 2-0000 -11258

* PRA response= log(Patient's (PHA-unstimulated) c.p.s. x I10)Control's (PHA-unstimulated) c.p.s.
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a similar comparison between the results of the two lab-
oratories was made using one test selected at random from
each patient; again the results did not differ significantly.
It was therefore felt justifiable to pool the results from
the two laboratories.

In the Table the mean results for each treatment group
are compared; it can be seen that there is no significant
difference between any of the groups, nor between the mean
results of all patients together and the controls.
From Fig. 1 it seems that the mean phytohaemagglutinin

response for each patient is unrelated to the total duration
of remission, from the end of intensive chemotherapy to
the next relapse. In Fig. 2 the results of individual tests on
the 31 patients who have so far relapsed are shown in
relation to the time from testing to the next relapse; there
is no evidence of any systematic change in lymphocyte re-
sponsiveness throughout the course of a remission.
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FIG. 1-Relation between mean phytohaemagglutinin (PHA) response-
logPatient's (PHA-unstimulated) c.p.s. x 100)

Control's (PHA-unstimulated) c.p.s.
-of individual patients and duration of remission. Treatment groups:
X, B.C.G.; 0, no treatment; * methotrexate. Patients still in remission
are indicated by arrows.
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FI,G. 2-Relation between phytohaemnagglutinin (PHA) response-
o(Patient's (PHA-unstimulated) c.p.s. x 0lgControl's (PHA-unstimulated) c.p.s. /

--and time till next relapse, to nearest month. Individual results are
shown as closed circles and group means as open circles.

Discussion

The tumour-inhibitory effect of B.C.G. which has been
clearly shown in animals-for example, Biozzi et al. (1959)
and Old et al. (1959)-and suggested also in human leukaemia
(Mathe, 1969), is thought to be due to its effect in stimulating
cellular immunity. It is clear from these results that B.C.G.
therapy has not increased lymphocyte responsiveness in this
phytohaemagglutinin transformation test, nor has maintenance
methotrexate treatment had any depressive effect. There is
no obvious correlation between the phytohaemagglutinin re-
sponse and the total length of remission, and no diminution
in response shortly before relapse. In spite of the previous
intensive treatment with cytotoxic drugs, there also seems
to be no real difference between patients and controls;
this has been noted in other cases of acute leukaemia by
Astaldi et al. (1966) and Bardare et al. (1969). The controls
were adults while the patients were mostly children, and
it could be argued that in normal children the transformation
might have been greater. 'lhis is unlikely, however, since
we have found that the responsiveness of leukaemic children's
lymphocytes to phytohaemagglutinin is no different from
that of their healthy siblings (Jones, unpublished).

Transformation by phytohaemagglutinin has been shown
by Tursi et al. (1969) to be a reasonably valid guide to
cellular immunity in mice, and there is also the evidence
that in severe immunity deficiency diseases the phytohaemag-
glutinin response is definitely decreased (Levene, 1970; Mar-
shall et al., 1970). Oppenheim et al. (1970) and Fitzgerald
(1971) pointed out, however, that the dose of phytohaemag-
glutinin which produces the maximum response, as used in
the present investigation and in many other laboratories,
may be 5 to 10 times as high as that which gives the most
sensitive discrimination between normal and abnormal re-
sponses. It is possible that the use of a lower dose might
show a difference or that another lymphocyte function test
might do so-for example, response to streptokinase (Hersh,
1971)-but, alternatively, and perhaps most probably, there
may be no discernible difference between the lymphocytes
of normal children and of those in remission from acute
lymphoblastic leukaemia, whichever of these forms of therapy
is used.
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