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After more than two years there is one survivor out of four
patients who underwent surgical resection after improving with
preliminary treatment, whereas five out of eight having surgery
without preliminary improvement survived two years and three
are still alive. Again this difference could be pure chance. It
could indicate that preliminary improvement on cytotoxic drugs
was of no advantage or was harmful; but it was probably at
least in part due to the fact that improvement with cytotoxic
drugs occurred in patients with more rapidly growing and
metastasizing tumours, which were therefore less amenable to
curative resection.
The pulmonary-artery-perfusion group was planned because

of a remarkable result that occurred previously in one out of
25 patients treated in this way. He was a 52-year-old man who
at thoracotomy was found to have an advanced oat-cell growth
invading the main vessels. Three weeks later he was given one
dose of 17.5 mg. of nitrogen mustard by drip into the right
main pulmonary artery. The next day he felt much better,
and five days later the chest x-ray picture showed marked reduc-
tion in the shadowing due to the growth. Two weeks later the
x-ray appearance had returned to normal and bronchoscopy
confirmed the apparent complete resolution of the neoplasm.
Four further perfusions were carried out during the next year
and he remained well and at work for this period. Early
recurrence was first suspected after 16 months, and deep x-ray
therapy was given after 20 months. He survived for two and a
half years.
One patient in the present series treated by pulmonary-artery

perfusion with cyclophosphamide survived over 18 months, but
this was a case of squamous-cell carcinoma and may well have
been naturally slow-growing. There were no other responses
worthy of remark.
The place of cytotoxic-drug therapy in the treatment of

carcinoma of the bronchus remains controversial. The present
series suggests that in about 50% of patients the tumour will
recede to some extent during high-dosage treatment with
cyclophosphamide.

Poulsen's (1962, 1963) findings of a higher one-year survival
rate in patients with operable squamous-cell carcinomas treated
with pre-operative and post-operative cyclophosphamide than
in a controlled group having surgery alone encourages further
research on these lines in the early cases.

With advanced disease the remissions are usually short,
ranging from two to six months, but often they are worth
while from the point of view of relief of distressing symptoms.
It remains to be seen whether better results can be obtained with
maintenance therapy or the combination of two or more
different agents, and whether, when combined with x-ray
therapy, summation or sensitizing effects can be obtained.

Summary

Ninety-seven patients with bronchial carcinoma were treated
with nitrogen mustard or cyclophosphamide. Of those treated
with cyclophosphamide 51% responded favourably as judged
by the objective evidence, compared with 33% of those receiving
nitrogen mustard, but the limits of tolerance of nitrogen-
mustard dosage may not have been reached. " Follow-up"
treatment of patients who had improved was carried out with
x-ray therapy, further intravenous injections, or pulmonary-
artery cytotoxic perfusion.

We are grateful to the surgeons, physicians, and general practi-
tioners of the York/Harrogate Area whose patients were included in
the series; and also to Dr. J. Nuttall and Dr. Joan Mallender, who
supervised the x-ray therapy; to Dr. Mary Catterall and Dr. J.
Stoker, who carried out the respiratory physiology studies at Leeds
General Infirmary; to the late Dr. G. Henry for help throughout;
to Dr. J. M. Simister for advice on the cytotoxic drugs; and to Mr.
Michael Curwen, of St. Bartholomew's Hospital, for much assistance
and statistical advice; and to Mrs. Armitage and Mrs. Guest for the
secretarial work.
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Prolongation of Skin Homograft Survival by Thalidomide

K. HELLMANN,* D.M., D.PHIL.; D. I. DUKEt; D. F. TUCKER4 B.SC.

Brt. med. Y., 1965, 2, 687-689

On immunogenetical grounds the foetus may be regarded as
a homograft upon the mother, which, for reasons that are only
poorly understood, escapes the usual fate of a homograft and
remains unrejected. It seems possible, however, that some,
perhaps most, early spontaneous abortions might be a
specialized example of homograft rejection. Since a large
number of foetuses expelled in such abortions are abnormal-
for example, Moir (1964)-a non-toxic immunosuppressive
drug might, on this idea, permit a malformed foetus to go to
term that would otherwise have aborted. Most immuno-
suppressive drugs are, however, acutely toxic and their per-

formance in preventing homograft rejection has not been an
unqualified success.

Thalidomide is known to be relatively non-toxic (Somers,
1960). If it also had immunosuppressive properties this would
at once provide another aspect to explanations of its teratogenic
action, and, at the same time, make it of considerable interest
to those who seek to modify homograft rejection. To test
whether it had any immunosuppressive properties its effect on
the survival of mouse-skin homografts was examined. Mouse-
strain combinations with strong (C57BL-C3H/He) and with
weaker (A-C3H/He) differences at the H-2 histocompatibility
locus were used.

In previous experiments (to be published) it was found
possible to modify the antigenic character of skin grafts by
in vitro treatment prior to transplantation; thus rejection was
obtained of syngeneic skin grafts previously incubated with
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allogeneic skin. Because of these findings some grafts were
treated with thalidomide in vitro in the present experiments and
some donors were given thalidomide before the grafts were

excised.

Methods and Materials

The technique of skin-grafting did not differ significantly
from that described by Billingham and Medawar (1951) except
in the method of inducing anaesthesia. The mice each received
intraperitoneally 0.1 ml. per 10 g. body weight of a freshly
prepared 2.5% solution of bromethol (Avertin) in distilled
water. Full-thickness skin-grafts were taken from either
C57BL or A strain female donors and transplanted to C3H/He
female recipients suitably prepared.

Thalidomide as a suspension in 0.5% carboxymethyl cellulose
(C.M.C. in normal saline) was made up freshly just before it
was given intraperitoneally. Amounts of thalidomide varied in
different experiments (see Table), but the volume of C.M.C. in
which they were given remained constant at 0.2 ml. Where
recipients received post-operative thalidomide the first dose was

administered on the day after skin-grafting, since even quite
small doses were found to be toxic if given within 24 hours of
bromethol administration. Dosage was continued daily until
graft rejection was complete. The end-point for complete
rejection was taken as that stage at which, on visual inspection,
no viable graft tissue remained. Control animals received
C.M.C. alone.

In some experiments, in addition to the recipients, the donors
were also treated with thalidomide for varying periods before
grafting. In other experiments the skin to be grafted was

incubated for three hours in thalidomide (6 mg./100 ml.) in
Krebs solution before transplantation. The Krebs solution had
the following composition in g./l.: NaCl 6.9; KC1 0.35;
KH2PO4 0.16; CaCl2.2H20 0.37; MgSO4.7H20 0.29 ; glucose
1.0; and NaHCO3 2.1, aerated constantly with 95% oxygen

and 5% carbon dioxide.
The animals were kept in groups of four or five and the

bandages removed under anaesthesia 10 days after transplanta-
tion. The grafts were inspected daily until rejection was com-

plete. The median survival times of the grafts are given
together with their range. The median survival time is calcu-
lated as the time (in days) after transplantation at which 50%
of the grafts have been completely rejected. The range gives
the days on which the first and last grafts of a group were seen

to have been completely rejected.

Results

The results of 15 experiments are given in the Table. The
survival time of individual grafts in the control groups of both
mouse-strain combinations was remarkably constant. In over

100 control transplantations from C57 to CH (approximately
eight animals for each of the 13 experiments) graft survival
never exceeded 11 days, and in 18 control transplantations from
A to C3H (nine animals in each of two experiments) it was

never more than 12 days. Complete rejection had thus occurred
in both strain combinations within one to two days after
removal of bandages.
When bandages were taken off, grafts on treated animals

always appeared strikingly healthier and better healed than in
those on controls in which often as many as half the animals
in the group might already show signs of advanced graft
rejection. In all treated animals, irrespective of the dosage
scheme, rejection began later and advanced at a slower pace
than in the controls. Rejection in controls was mostly complete
within 12 to 24 hours; in the treated animals, on the other
hand, the graft often broke up slowly into islands of viable-
looking skin which took two to three days to disappear.
Thalidomide seemed thus not only to slow down the onset of

homograft rejection, but also to make it less violent when it
occurred.
Where recipients were treated the median survival time of

grafts was improved if donor skin was also treated either in
vivo or in vitro prior to transplantation. The best result
(Experiment 10) was obtained where several days' treatment
with thalidomide before transplantation of both donors and
recipients was continued post-operatively in the recipients.

Treatment of donors alone (Experiments 6, 13, and 14) gave

only a slight prolongation of graft survival, and treatment of
recipients alone (Experiments 1, 2, 7, 8, and 9) similarly gave

only a small prolongation, but donor and recipient treatment
evidently summate in their effect.
No obv ous toxic effects were encountered even with the

fairly large doses of thalidomide given daily as in Experiment
10, and mortality rates in treated and control groups were not
very different. It is possible that graft prolongations might
have been obtained with smaller doses of thalidomide, since
in those animals that came to post-mortem examination flecks
of white solid, presumably thalidomide, were found in the
peritoneal cavity 24 hours after the last injection. It is not at
present poss:ble to say what effect variation of dosage had on

graft survivals.
Results of Experiments

Treatment Survival Time
Expt. in Days
No. Donors Recipients No.

Cs7BL C3H/He Median Range

0 Nil Nil 103 10-9 10-11
1 Nil 4 hrs. post-op. 1 dose 25 mg./ 7 13-6 13-14

mouse TH
2 Nil From 1 day post-op. for 14 14 13-0 11-17

days 5 mg./mouse/day TH
3 Grafts incubated Nil 16 13-9 12-16

for 6 hrs in 6
mg./100 ml. TH

4 Grafts incubated From 1 day post-op. for 14 11 13-1 11-16
for 6 hrs in 6 days 5 mg./mouse/day TH
mg./100 ml. TH

5 For 2 days pre- From 1 day post-op. for 16 15 14-5 12-22
op. 200 mg./ days 5 mg./mouse/day TH
mouse/day TH

6 For 2 days pre- Nil 10 11-9 11-12
op. 200 mg./
mouse/day TH

7 Nil For 10 days pre-op. and 10 11-8 11-12
from 1 day post-op. for 14
days 25 mg./mouse/day TH

8 Nil For 10 days pre-op. 25 mg./ 10 11-5 11-12
mouse/day TH

9 Nil From 1 day post-op. for 14 5 12-2 11-17
days 25 mg./mouse/day TH

10 For 10 days pre- For 10 days pre-op. and from 9 15-0 14-16
op. 25 mg./ 1 day post-op. for 16 days
mouse/day TH 25 mg./mouse/day TH

11 For 10 days pre- For 10 days pre-op. 25 mg./ 10 13-9 12-16
op. 25 mg./ mouse/day TH
mouse/day TH

12 For 10 days pre- From 1 day post-op. for 16 10 13-2 11-16
op. 25 mg./ days 25 mg./mouse/day TH
mouse/day TH

13 For 10 days pre- Nil 10 11-0 11-12
op. 25 mg./
mouse/day TH

Donors A

0
14

15

Nil
For 10 days pre-
op. 25 mg./
mouse/day TH
For 10 days pre-
op. 25 mg./
mouse/day TH

Nil
Nil

For 10 days pre-op. and
from 1 day post-op. 25
mg./mouse/day TH

18
7

14

10-8
12-5

15-0

10-12
12-14

15-16

Discussion

With such a sharply defined temporal end-point to graft
rejection in a large number of controls even small increases
in length of survival assume significance. At doses that give
no overt sign of toxicity, thalidomide is able to prolong mouse

skin homografts across the H-2 histocompatibility barrier. This
stands in marked contrast to immunosuppressive drugs such
as cyclophosphamide, mercaptopurine, and methotrexate that
are able to prolong graft survival in a variety of species, but
only at severely toxic doses. The extent of the prolongation
of skin-graft survival with thalidomide is entirely comparable

BRITISH
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to that found with cyclophosphamide (Fox, 1964) and better
than that found with Amethopterin (methotrexate) (Medawar,
1963) or mercaptopurine (Meeker et al., 1960).
The mechanism by which thalidomide produces prolongation

of skin-graft survival is not clear. It may be through a direct
immun-osuppressant action on the lymphoid system, though this
is rendered less likely by the finding (see Table) that treatment
of the donor before transplantation as well as the recipient
increases length of graft survival. It seems more probable that,
if a specific effect on the immune system is involved, thalido-
mide modifies the donor skin antigen or its recognition.
The findings of Roath et al. (1962, 1963) that thalidomide

inhibited the phytohaemagglutinin-induced transformation of
human lymphocytes into " blast " cells might also indicate that
thalidomide could be expected to have an immunosuppressive
action. Some doubts about these findings were raised by
Lindahl-Kiessling and Book (1963), though these authors gave
insufficient details of their experiments to allow assessment of
the validity of their criticism. In the light of the present
findings this problem might usefully be looked at again.

These experiments of Roath et al. also led Playfair et al.
(1963) to test oral thalidomide on skin homograft survival in
mice; they, however, failed to observe any significant increase.
It is difficult to kn6w to what to attribute the disparity between
their results and those reported here, since these authors too
give virtually no experimental detail. It is unlikely to be due
to the different route of administration which they employed,
since in one experiment (not included in the Table because of
excess mortality unrelated to the experiment) increased graft
survival after oral thalidomide was also noticed in the two
surviving mice of this experiment.
The timing of the thalidomide doses is of some importance.

The best results in the present experiments were obtained when
the recipients (as well as the donors) were pretreated. In this
respect thalidomide is comparable to radiation, radiomimetic
drugs, and cortisone-like steroids, which are most effective as
immunosuppressants when given before an antigenic stimulus
(Hitchings and Elion, 1963).
Timing was also found to be important by Tata (1964), who

showed that thalidomide is toxic to the tadpole for a short
period in metamorphosis. It therefore seems likely that thalido-
mide might act only at a particular time in cell division.

Because it is spar-ngly soluble in aqueous media and because
of its instability the problem would be to have a sufficient
concentration of the compound available to sensitive cells.
Although more information has been obtained with the

C57BL-C3H/He combination than with A-C3H/He, it
appears that the latter combination gives better prolongation
than the former.. This again might be expected if thalidomide
were acting as an immunosuppressant.
Thus in a limited way the present experiments provide

support for the idea that thalidomide might possess immuno-
suppressive properties.

Conclusion

Thalidomide prolongs skin homografts in mice at non-toxic
doses. The best results were obtained when the donor graft
was treated with thalidomide either in vivo or in vitro in addi-
tion to the recipient.

These findings are discussed and lend some support to the
idea that thalidomide may have an immunosuppressive action.

We are much indebted to Professor L. Brent for showing us
the transplantation technique he uses and to Sir Peter Medawar for
a useful discussion. We would like to thank Mr. Ade Olukoya
and Mr. Peter Hodgson for their technical help. We are parti-
cularly grateful to Dr. M. Perelman and Dr. S. S. Szinai, of Lilly
Research Laboratories Ltd., for generous supplies of thalidomide,
and also to Dr. G. F. Somers, of Reckitt & Sons Ltd.
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L.E. Cells and Antinuclear Factors in Leprosy*

L. BONOMO,t M.D.; A. TURSI,4 M.D.; G. TRIMIGLIOZZI,§ M.D.; F. DAMMACCO,4 M.D.

Brit. med. Y., 1965, 2, 689-690

The suggestion has been made of the possible involvement of
autoimmune mechanisms in some aspects of leprosy-namely,
lepra reactions (Chini, 1961). A number of autoimmune-like
reactions have been reported to occur in leprosy (Cathcart et al.,
1961 ; Rizzi et al., 1962; Bonomo et al., 1963). We were
therefore particularly interested in investigating sera from
leprosy patients for the presence of lupus erythematosus (L.E.)
cells and antinuclear factors (A.N.F.) by means of the
fluorescent-antibody technique.

Material and Methods

The sera of 55 unselected patients with leprosy (lepromatous
type) in hospital at the Hansenian Colony, Gioia del Colle, Bari,

Italy, were tested for A.N.F. Blood specimens from 10 leprosy
patients whose sera were found to contain A.N.F. were examined
for L.E. cells as well.

Fluorescent Test for A.N.F.-The indirect technique
described by Weir et al. (1961) was employed, with slight modi-
fications (Bonomo et al., 1965). Sera were tested in serial
dilutions with buffered saline (pH 7.2), and those which showed
fluorescent reactions in dilutions beginning from 1:2 up were

* This investigation was supported in part by Consiglio Nazionale delle
Ricerche (Irmmunopatologia), Roma.

t Reader, Institute of Clinical Medicine, University of Bari, Bar,
Italy.
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