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Preliminary Communications

IMMUNOLOGICAL FUNCTION

OF THE THYMUS

IT has been suggested that the thymus does not

participate in immune reactions. This is because antibody
formation has not been demonstrated in the normal

thymus,! and because, even after intense antigenic
stimulation plasma cells (the morphological expression of
active antibody formation) and germinal centres have not
been described in that organ.2 Furthermore, thymectomy
in the adult animal has had little or no significant effect
on antibody production.3 3
On the other hand, there are certain clinical and

experimental observations in man and other animals
which suggest that the thymus may somehow be con-
cerned in the control of immune responses. Thus, in
acute infections, when presumably the need for antibody
production is great, the thymus undergoes rapid
involution; in patients with acquired agammaglobulinxmia
the simultaneous occurrence of benign thymomas has been
described,4 and in foetal or newborn animals, at a time
when responsiveness to antigenic stimulation is deficient,
the thymus is a very prominent organ.
The apparent contradiction between these two sets of

observations may be partly explained by recent work,5 6
which suggests that the thymus does not respond to
circulating antigens because these cannot reach it owing
to the existence of a barrier between the normal gland
and the blood-stream. If the barrier is broken, for
instance by local trauma, the histological reactions of
antibody formation take place in the thymus.

In this laboratory, we have been interested in the role
of the thymus in leukaemogenesis.7 During this work it
has become increasingly evident that the thymus at an
early stage in life plays a very important part in the
development of immunological response.

METHODS AND RESULTS

In the preliminary experiments mice of the C3H and Ak
strains and of a cross between T and Ak were used. The

thymus was removed 1-16 hours after birth. Alternate litter-
mates were used as sham-thymectomised controls-i.e., they
underwent the full operative procedure, including excision of
part of the sternum, but their thymuses were left intact. Mice
in another group had thymectomy at 5 days of age. Wounds
were closed with a continuous black silk suture and the baby
mice were returned immediately to their mothers. No anti-
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biotics were administered at any time either to the operated
mice or to their mothers.

Mortality during and immediately after the operation
ranged between 5 and 15% (excluding deaths due either to
neglectful mothers or to cannibalism). Mortality in the

thymectomised group was, however, higher between the 1st
and 3rd month of life and was attributable mostly to common
laboratory infections. This suggested that neonatally thymec-
tomised mice were more susceptible to such infections than
even sham-thymectomised littermate controls. When thymec-
tomised and control groups were isolated from other
experimental mice and kept under nearly pathogen-free
conditions, the mortality in the thymectomised group was
significantly reduced.

Absolute and differential white-cell counts were performed
on tail blood at various intervals after thymectomy. The
significant results of these estimations are summarised in

fig. 1. In sham-thymectomised animals the lymphocyte/ J

Fig. 1&Ncedil;Average lymphocyte: polymorph ratio of mice thymecto-
mised in the neonatal period compared with sham-thymectomised
controls. Statistical differences indicated.

0 0 thymectomised mice.
w&Ncedil;&Ncedil;&Ncedil;&Ncedil;&Ncedil;* sham-thymectomised mice.

polymorph ratio rose progressively in the first 8 days of life
to reach the normal adult ratio of 2-5 =L 0-08. In the animals
whose thymus was removed on the lst day of life the ratio did
not increase significantly and was only 1-0 :0-10 at 6 weeks
of age.

Histological examination of lymph-nodes and spleens of

thymectomised animals at 6 weeks of age revealed a con-
spicuous deficiency of germinal centres and only few plasma
cells (figs. 2 and 3).
At 6 weeks of age, groups of thymectomised, sham-

thymectomised, and entirely normal mice were subjected to
skin grafting, Ak mice receiving C3H grafts and vice versa,
and (AkXTa)Fl mice receiving C3H grafts. The median
survival time of skin grafts in intact mice, sham-thymectomised
mice, and mice thymectomised at 5 days of age ranged from
10 to 12 days. In more than 70% of mice whose thymus was
removed on the lst day of life the grafts were established and
grew luxuriant crops of hair. Most of these grafts were
tolerated for periods ranging from 6 weeks to 2 months and

Fig. 2-Spleen of 6-week-old
C3H mouse thymectomised
at birth ( 20).

Fig. 3-Spleen of 6-week-old C3H mouse sham-
thymectomised at birth ( 20).
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SURVIVAL OF ALLOGENIC SKIN GRAFTS IN MICE THYMECTOMISED IN THE

NEONATAL PERIOD

* These figures apply to the tolerant mice.

some for even longer than 2 months. Thereafter they gradually
diminished in size, lost their hair, and eventually disappeared.
A small group of C3H mice thymectomised immediately after
birth, which were 3 weeks later grafted with thymuses taken
from C3H foetuses towards the end of the gestation period,
did not tolerate Ak skin grafts for more than 15 days (see table).

DISCUSSION

The above results indicate that thymectomy in the
immediate neonatal period is associated with severe

depletion in the lymphocyte population and serious

immunological defects in the mature animal. Several

hypotheses might account for these results. One is that
the thymus, particularly in early life, regulates lymphocyte
production, not only by being the main producer of such
cells, but also by secreting a factor, such as Metcalf’s
lymphocytosis-stimulating factor, which, after birth,
stimulates lymphopoiesis in other lymphoid organs. In
mice thymectomised at birth, the deficiency oflymphocytes
would simply weaken the host’s immunological defence
as a whole. Another hypothesis attributes to the thymus
a more direct role in the development of immunological
response. During embryogenesis the thymus would

produce the originators of immunologically competent
cells many of which would have migrated to other sites
at about the time of birth. This would suggest that
lymphocytes leaving the thymus are specially selected
cells, and this might possibly be correlated with their
epithelial (rather than mesenchymal) origin 9 during
embryogenesis. In accordance with elective theories of

antibody formation,IO 11 genetically distinct clones of
cells might differentiate at various stages during thymic
morphogenesis. In parallel with experience gained from
experiments on classical immunological tolerance,12 one
might predict that the originators of those cells capable
of reacting with the more distantly related antigens
would differentiate earlier in embryonic life than the

originators of those cells concerned with more closely
related antigens.

If this hypothesis is to be tested experimentally, there
are obvious technical difficulties to be surmounted. It
has been possible, however, to thymectomise and keep
alive mice born by csesarean section 1 day before the
end of the normal gestation period. Even within this
short period one might be able to obtain sufficient data
to correlate the degree of tolerance of skin grafts of
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increasingly greater " foreignness " with the time at which
thymectomy was performed.
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RELATIONSHIP OF DISTURBED PANCREATIC
FUNCTION TO H&AElig;MOSIDEROSIS

IT is well recognised that, whereas patients with
idiopathic steatorrhoea absorb iron poorly and often have
iron-deficiency anxmia, those with pancreatic steatorrhoea
rarely become ana:mic.

Closely related to this clinical finding is the observation
made in cats by Taylor et al.1 2 that ligation of the pan-
creatic duct is followed by intensive deposition of iron
throughout the body tissues, the liver in particular being
" packed with golden-brown haemosiderin granules ".
Kinney et al. demonstrated the same effect in dogs, and
similar results were obtained in rats and mice 4 using
d> l-ethionine to destroy the exocrine cells of the pancreas.
Thus, in a variety of animals absorption of iron increases
after destruction of the pancreas.
My studies of iron absorption in patients with chronic

pancreatitis and pancreatic calcification, using a standard
meal labelled with 59Fe, have shown a similar increase in
man (see table). Confirmation was obtained by examining

INCREASED IRON ABSORPTION AND UTILISATION IN UNTREATED PATIENTS

WITH CHRONIC PANCREATITIS AND PANCREATIC CALCIFICATION

*Patient had a melaena one year previously.
Normal subjects absorbed 6%, with a range of 0-13&deg;,0.

the liver of the 4 patients with calcification of the pancreas
who have died in the Radcliffe Infirmary in the past ten
years. In three, granules giving the characteristic reaction
for iron (ferrocyanide-hydrochloride reagent) were found
in large amounts equally in the hepatic parenchymal cells
and in the Kupffer cells. In the fourth, in whom no iron
was found in the liver, there was a history of repeated
haemorrhage from a duodenal ulcer.
My results confirm that, in man as in animals, iron

absorption is enhanced by pancreatic damage; and a study
of the literature suggests that absorption of iron may
increase whenever the pancreas is severely damaged, and
that pancreatic failure may be the prime cause of hsemo-
siderosis in man.
Andersen in 1938, in a review 5 of fibrocystic disease of

the pancreas, commented on the rarity of anaemia and a


