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Abstract—7This paper is a review of early results in thymus research that found their full
significance after several decades, when the strategic role of the organ in immunology was

recognized.

EPITHELIAL CELLS, LYMPHOBLASTS,
LYMPHOCYTES AND THYMOCYTES
Maxmow [1-3] was the first to report that in the
embryonic rudiment of the thymus, the interaction
between endodermal epithelial cells and immigrated
lymphocytes appears as a kind of symbiosis and
that the lymphocytes find within the epithelial
reticulum conditions for an extremely active pro-
liferation. Maximow described colonization of the
epithelial thymic rudiment by lymphocytoid wan-
dering cells becoming lymphoblasts (large basophil
lymphocytes) after their penetration in the rudi-
ment. His observations were supported by splendid
and convincing drawings. Maximow’s concept has
been developed by Jolly [4] in numerous contri-

butions on the lymphoepithelial organs.

In the thirties, the controversy between partisans
of direct transformation of the thymic epithelium
into small lymphocytes [5, 6] and partisans of immi-
gration [1-4, 7] was still active. During that period,
important experimental results were obtained. The
cortical thymocytes, in contrast to the lymphocytes
from the lymph nodes and from the medullary
zone of the thymus, were recognized as extremely
sensitive to various factors, including X-rays. The
reactions of the adult thymus to X-rays (pycnosis,
phagocytosis, regeneration) were examined in sev-
cral studies [8-11]. In the early rudiment [12], the
cells of the epithelial reticulum were found relatively
radioresistant ([48]; p. 459; [53], p. 67).
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The lymphoblasts and the medium-sized lympho-
cytes resulting from their multiplication were little
affected by the X-rays. The highest rate of radio-
sensitivity coincided with the occurrence of the
terminal phases of lymphocyte maturation and with
the appearance of the smallest form of lymphocytes,
the thymocytes. In the irradiated, more developed
fetal organ, the epithelial phagocytes were especially
numerous in the perimedullary and in the marginal
subcapsular regions, where they appeared as bulg-
ing spheroids. Effraction of the capsule by these
phagocytes and their liberation into the surrounding
connective tissue were especially demonstrative
[12]. Regeneration of the cortical region took place
mainly by multiplication of the surviving autoch-
thonous medium-sized lymphocytes and probably
by centrifugal migration of medullary lymphocytes
[13].

Attraction of exogenous lymphocytes by the epi-
thelial cells and their subsequent proliferation in
the thymic epithelial reticulum transformed by
shrinkage in a solid stroma, were recorded, as a
duplication of the histogenetical process, in the
course of regencration of thymus transplants by
invading lymphocytes (autologous adult organs
[15, 16]; syngeneic grafts of normal primordia
[13, 14]). The fragments were implanted in the
subcutaneous tissue, in the muscles, in the brain, in
the testicles and under the kidney capsule. In the
grafts of epithelial thymic rudiments, the primordia
of neighbouring organs (trachea, salivary glands)
grew anarchically in a relatively empty connective
tissue. In contrast, exogenous host lymphocytes
were swarming around the thymic implant, illus-
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trating again a specific attraction of the lymphocytes
by the thymic epithelial cells.

Within the outlines of the still existing controversy
between transformists and partisans of immigration,
the results reported above were considered ambigu-
ous by the transformists, because of the partici-
pation in regencration of these grafts of autochthon-
ous surviving cortical thymocytes, and of medullary
thymocytes having escaped necrosis of the central
part of the graft. Special techniques were then
selected [13] in order (a) to implant purely epithelial
fragments, (b) to implant these fragments in regions
of the host less accessible or inaccessible to invading
lymphocytes or (c) in heterologous transplantation,
in which the invading lymphocytes could not play
any histogenetic role in the donor organ, (d) finally
to shelter the fragments in containers impermeable
to these cells but permeable to the blood metabolites
of the host.

(a) Irradiation of the adult or embryonic thymus
before autologous or syngeneic implantation fur-
nished grafts reduced to a circular rim of cortical
region composed exclusively of epithelial cells.
These conditions were ideal for following the suc-
cessive stages of regeneration [14]: condensation of
the epithelial reticulum into a compact stroma in
the form of nodules or rings, considerable gatherings
of host small dark lymphocytes around the trans-
plant, in the surrounding blood vessels and lym-
phatics and active infiltration of the epithelial nod-
ules. The pictures suggested immediately that the
thymic epithelial reticulum exerted a considerable
attraction on the host lymphocytes, as during the
first stages of histogenesis.

At this stage, a reaction, still unreported in the
literature, took place in the areas of the implant
corresponding to the former subcortical region:
once among the epithelial cells on their way to
reconstituting a reticulum, the invading small dark
host lymphocytes underwent structural alterations.
Their nucleus and cytoplasm increased in size, the
cytoplasm became strongly pyroninophil. The cells
took the cytological appearance of large basophil
lymphocytes or lymphoblasts [14]. They restored
the capacity for mitotic multiplication. During this
relatively short lymphoblastic phase, in which the
lymphoblasts were diffusely scattered in the cortical
zone, this zone resembled a large, diffuse germinal
centre of alymph node during an active lymphocyto-
poietic phase. The blastic phase was also recognized
during regeneration following irradiation of the
thymus in situ [13, 14]. This phase might be con-
sidered as a repetition of the embryonic process
described by Maximow and his student Hartmann
[17] in the epithelial anlage. In the implants, the
blasts proliferated by mitotic division and were
progressively transformed into medium-sized and
relatively pale smaller lymphocytes. These lympho-

cytes of neoformation could be casily distinguished
from the newly invading dark small cells. It may
also be reported that during the blast phase of
regencration, in grafts of irradiated adult thymus
{14], eosinophil granules were found in some of these
lymphoblasts, with figures of transition between
promyelocytes, myelocytes and metamyelocytes,
scattered or grouped in clusters.

Implantation of autologous and syngencic frag-
ments of irradiated thymus into the large cervical
lymph nodes was especially interesting [13],
because of the reaction of the host organ. The
regeneration of the transplant took place more rap-
idly than in other regions. The host lymph node was
considerably hypertrophied. The germinal centres
had multiplicd and were strikingly enlarged. After
complete regencration, when recolonization of the
implant was completed, the outlines of the thymus
grafts were obliterated. When the chimeric lymph
node was irradiated at that stage (under shielding
of the other parts of the body), within the next 24 h,
these outlines reappeared sharply delincated and
filled with pycnotic figures, in contrast with the
surrounding lymph node tissue containing scattered
pycnoses. Converscly, autologous fragments of cer-
vical lymph node transplanted into the neighbour-
ing thymus glands appeared, after regenceration and
irradiation, as small arcas devoid of pycnotic debris,
in the midst of thymic lobules densely filled with
pycnotic figures, also the inverse picture of the
above reported experiment.

Summarizing the results of irradiations and trans-
plantations, it was assumcd [13] that lymphocytes,
moderately sensitive to X-rays inside a mesenchy-
mal reticulum, show altered potentialities (mitotic
activity, extreme radiosensitivity) after their
changes in contact with the cells of the epithelial
thymic cortical reticulum.

The hyperplastic response of the host chimeric
lymph node to inoculation of thymic cpithelial cells
suggested the existence in these cells of powerful
lymphostimulating substances. In order to investi-
gate the problem, saline extracts were prepared
from pig and rabbit thymus reduced to its epithelial
components by X-irradiation and cleared from the
necrotic thymocyte debris. The extracts were
injected subcutancously torats [18]. In other groups
of rats, fragments of the same material were also
implanted. The lymph nodes draining the regions
of injection or implantation, compared to the corre-
sponding control lymph nodes on the other side
draining extracts of pig and rabbit lymph nodcs
and muscles, showed slight, though statistically
significant, hyperplastic changes, including a lym-
phoblastic reaction.

{b) Fragments of epithclial rudiments of foctal
rabbit thymus implanted in the anterior chamber
of the eye, known to be inaccessible or little access-
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ible to the host lymphocytes, survived as purely

epithelial formations, in which mitoses were visible

[13]. Identical results were obtained with implants

of purcly epithelial cultures in vitro (guinea pig).

{(c) Rabbit thymus fragments (rudiments and
slightly later stages) were fixed to the chorioallantoic
membrane of developing chick embryos. The reac-
tion of the host consisted of a considerable develop-
ment of capillaries around the implant. The epi-
thelial  reticulum  of this implant appeared
condensed into nodules and crescent-shaped cords,
in which mitotic activity continued and around
which chick lymphocytoid haemocytoblasts were
numcrous. No thymocyte developed from these
cpithelial cells.

(d) In order to shelter the implants from lympho-
cyte penetration, fragments of normal and
irradiated adult and syngeneic embryonic thymuses
were introduced in Chamberland—Pasteur filters,
wrapped in dead biological membranes (perito-
ncum impregnated with metallic silver and fixed
in alcohol), in folded filter paper, and in porous
cellulose membranes (home-made diffusion cham-
bers: the Millipore industry had not yet developed).
The bags were placed in the subcutancous tissuc
and intraperitoneally. Under these conditions, all
the implants remained epithelial. The best results
were obtained with transplants wrapped in hydro-
phil cotton sheets and kept intraperitoneally for
several weeks. The reaction of the host against
cotton fibres consisted of development of volumin-
ous granulomes made up of several layers of giant
cells, which were a highly efficient obstacle against
lymphocyte invasion for several weeks, depending
on the density and thickness of the sheets. Inside
the cotton bags, the cpithelial cells formed syncytia
of polygonal elements with a pale, abundant cyto-
plasm, frequently in mitosis and connected together
by many interccllular bridges. Perforation of the
granulome induced rapid infiltration of lympho-
cytes. The transplants remained epithelial as long
as the lymphocytes could not reach them. In a later
work [19], identical results were obtained using
Millipore cellulose membranes and thymectomized
adult hosts (guinea pigs). The epithelium grew out
in the form of nodules, cords and compact sheets.

From the various experimental procedures sum-
marized above, the following general conclusions
were drawn [13, 14]:

1. The thymic epithelial components are unable to
give rise to thymocytes;

2. The thymic epithelium exerts a considerable
attraction and stimulation on the host lympho-
cytes;

3. The subcapsular blasts must be considered as
stem lymphoid cells, proceeding from immi-
grated lymphoid cells transformed in contact
with the cortical epithelial reticulum [13, 14].

A few decades later, in the sixtics, during the
cxplosion of literature following the discovery by
Burnet and Miller of the immunological function
of the thymus, the various kinds of experiments
described above, namely the cytological features of
recolonization of transplants of irradiated syngeneic
thymus have been reproduced, confirmed and
extended by means of modern methods (c.g.
chromosome, surface antigen and immunological
markers, fluorescence distribution analysis, isotope
labelling, elcctron microscopy [20-34]).

The subcapsular, large immature lymphoblastic
cells [13, 14] did not attract attention until they
were redescribed in identical experimental con-
ditions (regencration of thymus in situ after X-ray
involution or in regencrating syngeneic grafts) more
than 20 years later ([35], scc also [21, 36]). These
cells were found to play a key role in immune
mechanisms and in the initiation of lymphoid leu-
kaemia. At the present time, they are intensively
investigated in a rapidly increasing literature. An
expanding ficld of study can be forescen about the
problem of the chemo-attractant properties of the
epithelial cells of the thymic cortex toward the
lymphocytes [37].

The first thymic active substances available in
the sixties (thymosin, lymphocytopoictic factor {38];
lymphocyte stimulating factor (LSF [39, 40]; thy-
mic humoral factor, THF {41, 42}; serum thymic
factor, STF [43, 44]) were fractions or emulsions
prepared from the whole normal calf thymus or
from the serum of pig blood. Until then, extracts of
purc cpithelial components had been used in a
single study [18].

The exclusive survival of the cpithelial cells in
thymus grafts enclosed in Millipore diffusion cham-
bers made it possible to discover the cxistence in
the thymic cpithelium of a humoral factor capable
of restoring immunological competence in lymphoid
cells  of nconatally thymectomized animals

[41, 45, 46].

HORMONAL IMBALANCE AND THE
THYMUS

Around the thirties, several endocrinologists still
considered the thymus as a subsidiary organ, no
more than a bag of lymphocytes, and 1ts cpithelial
components left after acute accidental involution as
insignificant debris. In the normal thymus, gener-
ally used for appreciating stimulating or inhibiting
hormonal influences, the cortical epithelial com-
ponents, overshadowed by the crowding of lympho-
cytes, cscaped observation. On the other hand,
during the first stages of regeneration of the thymus,
X-irradiated under shiclding of the other parts of
the body, ecarly cytological changes, poorly known
at that time, in the two main components of the
thymus, including the unique specific structure, the
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cpithelial reticular cells, may casily be observed
(47]. The transient phase during which the imma-
ture stem cells (lymphoblasts) appear, is also an
excellent criterion for estimating rapidly acceler-
ation or delay of regeneration.

The present survey will be limited to a summary
of the reactions of the irradiated thymus to adrena-
lectomy [48, 49], hyperthyroidy [50-52], adminis-
tration of sex hormones [53, 54] and gonadectomy
[55], performed alone or combined. The changes in
the mitotic index were estimated by use of the
colchicine test.

ADRENALECTOMY [48, 49]

An early stimulating influence of adrenalectomy,
performed 24 h after local X-irradiation, was
already observed 48 h afterwards in the epithelial
[49] (early appearance of mitoses) and in the lymph-
oid elements [48] (carly appearance of lymphoblasts
in the epithelial reticulum, rapid mitotic prolifer-
ation of these cells into medium-sized lymphocytes).
During the following days, the cinctic index
remained higher in epithelial and lymphoid cells
than in the sham-operated controls. The results
indicated the existence of a specific moderating
influence, not yet reported at that time, of the
adrenal glands on the epithelial components of the
thymus cortex.

EXPERIMENTAL HYPERTHYROIDY (50, 51]

A hypertrophy of the thyroid gland reaching four
to seven times the average normal weight, with
histological signs of intense hyperactivity, produced
by thyrotropic hormone, did not lead in chicks
to decrease of the weights of thymus and bursa
fabricius, as long as the trcatment was not
accompanied by loss in body weight and delay in
the growth of the animals. A negative metabolic
balance produced rapidly involutive changes in the
organs. In view of this inert reaction of the normal
thymus toward an intense functional thyroid hyper-
plasy, the treatment was tested on the regeneration
of the X-ray irradiated thymus. In immature rats
and guinea pigs, injection of considerable amounts
of thyroxin had little influence on thymus regener-
ation, provided that the trecatment did not induce
growth alteration of the animals. The intense hyper-
activity of the thyroid gland produced by thyro-
tropic hormone led to a slight acceleration of cortical
regeneration in the thymus of rats and of guinea
pigs and an intense acceleration in chicks.

In Grave’s disease, hyperplasy of thymus and of
lymphoid tissucs frequently coincides with a decp
cachexy and with gonadal and adrenal deficiency.
These combined factors were tested on regeneration
of X-irradiated thymus [52] in four groups of rats
after (1) gonadcctomy, (2) gonadectomy and injec-
tion of high amounts of thyrotropic hormone, (3)

gonadectomy and adrenalectomy, (4) gonadectomy,
adrenalectomy and injection of thyrotropic hor-
mone. An increase in the rate of acccleration of
thymus regencration and also in hypertrophy of
several groups of lymph nodes occurred from group
1 to group 4, in spitc of cachectic symptoms, and
reflected the hyperplasy of the organ obscrved in
Grave’s disease. This experiment seemed to show
that the functional deficiency of the adrenals is an
important factor necutralizing the thymodepressing
effects of the diseasc and inducing thymic and
lymphoid hyperplastic changes. The results showed
also that adrenalectomy potentiates the hyperplastic
effects of a same amount of thyrotropic hormone in
the thyroid gland of gonadectomized animals.

In attempts at chemical thyroidectomy, amino-
2-thiazol [53] produced a three-fold increase in the
weight of thyroidea, with intense cytological signs
of hyperactivity, coinciding with an intense hypo-
functional state. The treatment did not bring about
loss in body weight and interfered but little with
animal growth. Thymus weights were about half
those of the controls.

SEX HORMONES

In the amounts used in one study [54], testoster-
one propionate sclectively damaged the cells of the
cortical epithelial reticulum. Degenerated epithelial
phagocytes stuffed with lipidic inclusions (choles-
terol, cholesterids) still filled the cortical zone when
they had nearly disappcared from the control organ.
Mitoses were absent during several days. Gaps of
disintegration in the reticulum were not replaced
by proliferation of surviving cells. As a repercussion
of these epithelial alterations, homogeneous recolon-
ization of the outer cortical zone was inhibited or
occurred in the form of small clusters of
lymphocytes—and among them lymphoblasts—-
near intact epithelial cells, in the median and peri-
medullar zones of the cortex. The mitotic index of the
lymphocytes in these clusters and that in the lymph
nodes draining the arcas of injection of the hormone
were paradoxically not reduced and even higher
than in the lymphocyte cortical population in the
controls. In various parts of the cortical zonc of the
injected animals, significant positive corrclations
were recorded between the cinetic index of epithelial
cellsand the cineticindex and density in the lympho-
cyte population [55]. The failure of homogencous
recolonization of the cortex by lymphocytes, in spite
of the maintenance of a mitotic activity in thesc cells
and in the lymphatic tissue of the lymph nodes, did
not result from a direct influence of the hormone,
but from deterioration of the epithelial cell in the
vicinity of these clusters of lymphocytes. The results
suggested that in physiological conditions, the gon-
ads have a moderating influcnce on the thymic



Perspectives and Commentaries 1253

epithelial reticulum and then control indirectly the
formation of lymphoblasts and their proliferation.
Under these conditions, gonadectomy must elimin-
ate thisgonadal inhibition of the epithelial reticulum
and simultaneously stimulate the appearance of
lymphoblasts and their further proliferation, finally
inducing thymus hyperplasy. This interpretation
has been experimentally supported: in animals
irradiated 49 days following gonadectomy or cryp-
torchidy [56], an increase in the cinetic index of
cpithelial cells and higher proportions of large stem
cells (lymphoblasts) in the cortex indicated a distinct
stimulating influence on regeneration.

From all these examples of thymus reaction to
modifications of the hormonal imbalance, general
conclusion was drawn that in physiological con-
ditions, the cells of the epithelial reticulum of the
thymus cortex, the unique specific element of the
organ, are under hormonal control and influence
the potentialities of the lymphoid populations inter-

mingled with them.

In closing this survey, two observations made
fifty years ago, and not understood at that time,
might now reccive a plausible explanation. In the
early stages after local X-irradiation of the rabbit
thymus [57], groups of pycnotic thymocytes alter-
nated in the cortical zone ([57]: speckled or ‘starsky’
aspect) with groups of intact thymocytes associated
with one epithelial nucleus, and encircled in part
by a membranec. The sccond observation concerned
the small groups of lymphocytes reported above,
significantly clustered around individual epithelial
cells in the cortical region of irradiated thymus in
animals injected with testosterone propionate.

In both cases, thesc associations between lympho-
cytes and epithelial cells correspond to true ‘thymic
nurse cells’ (TNC) [58, 59] and their enclosed
clements. In the 1934 paper [57], Figs. 3 and 4
obviously show TNC, unrecognized at that time.
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