
Introduction

In the thymic cortex, massive numbers of densely pack-
ed small thymocytes (thymic lymphocytes) predominate,
occupying the interstices of the epithelial reticulum, which
in histological sections they largely obscure, and forming
about 90 % of the total weight of the thymus. A distinct sub-
capsular zone is present, housing the thymic stem cells,
prothymocytes and lymphoblasts undergoing mitotic divi-
sion. The first stem cells to enter the thymus in the embryo
come from the yolk sac and liver during their haemopoietic
phases, possibly, as in birds, being attracted by thymic
chemotactic substances. During later periods it is probable
that all thymic lymphocytes originate in the bone marrow,
or at least have sojourned there, before passing in the
bloodstream to the thymus.The cortex has two rather ill-de-
fined zones: an outer cortex with a framework of Types 1–3
epitheliocytes and a deep cortex where Type 4 cells occur.
Thymocytes undergo mitosis in all cortical zones as the

clones of differentiating T cells mature, gradually moving
deeper in the cortex. In rodents, cell cycling times of 8
hours have been recorded in the outer cortex, but no esti-
mates exist for the human thymus. The appropriate condi-
tions for the proliferation and differentiation of thymocytes
appear to be produced by their close proximity to neigh-
bouring epitheliocytes (9). Although the nature of these in-
teractions is not clear, it may involve the release from the
epitheliocytes of soluble mitogenic and differentiation fac-
tors as well as induction of changes through intercellular
contact. During this process, thymocytes differentiate along
the T-cell line, acquiring the CD3 + marker and T-cell re-
ceptors for antigen, and also switching into different sub-
population of T cells (3). The great range of different T-cell
receptor types, running into many millions, is also esta-
blished here by the expression of variable genes and related
mechanisms (3).

As time passes, the differentiating thymocytes enter the
medulla, and migrate through the walls of venules and lym-
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phatics to move into the circulation. Such cells (post-thy-
mic thymocytes) are not immunocompetent within the cor-
tex, and in general attain maturity only after entering the
medulla or perhaps not until they reach their secondary
lymphoid tissue destinations. However, the existence of an-
tigen presenting cells and plasma cells in the medulla indi-
cates that T lymphocytes can be activated within the
thymus, if not in large numbers.

Four major lymphoid cell types are found in the thymic
cortex, as determined by immunocytochemistry and flow
cytometry; each of them has a different proportion of small,
medium and large thymocytes. Firstly, there are cells which
do not express the mature T-lymphocyte markers CD4 or
CD8 (double negative cells) nor, initially, CD3. Most of
these are large blast cells, which after undergoing mitosis
become small, double negative thymocytes and begin to de-
velop the T-cell receptor (TCR) complex and become
CD3–positive. These blast cells are primarily located in the
subcapsular cortex and around blood vessels, especially at
the corticomedullary junction. During the development of
the TCR the cells give a transient expression of g/d (gam-
ma/delta), followed by a/b (alfa/beta) and other TCR com-
ponents (3), and simultaneously become double positive
for CD4 and CD8, as well as the histochemical marker TdT
(terminal deoxynucleotidyl transferase), characteristic of
thymocytes thereafter (10). The majority of these double-
positive cells are small cortical thymocytes comprising
80–90 % of the total thymocyte population. It is thought
that the functional abilities of the T-cell repertoire is deter-
mined at this stage, with ‘undesirable’ lymphocytes dying in
great numbers by apoptosis. The few that are rescued by the
action of factors from the microenvironment (positive se-
lection) become either CD4– or CD8positive (i.e. single
rather than double positive); these cells are found in the
medulla and are slightly larger than cortical thymocytes.

Medullary single-positive thymocytes may either be
cells about to be exported to the periphery where they will
become fully immunocompetent, or recirculating activated
T cells which have entered the medulla secondarily (1). In
addition, a few single positive cells represent early cortical
cells that transiently express either CD4 or CD8 before be-
coming double-positive early thymocytes, as noted above.

In addition to these T-cell products, the thymus is also
thought to be responsible for generating natural killer cell
lineages.

In our settings we examined the differential expression
of CD3, CD4, and CD8 in thymic medullary tissue ob-
tained from fetuses with DS and controls after voluntary
abortion, during the second trimester of development, in
order to ascertain changes in the cell-mediated immunity of
the organ in DS.

Materials and methods

Fetal thymus specimens were obtained from 20 fetuses;
10 cases after voluntary abortion and 10 cases with Down’s

syndrome at the second trimester of gestation (gestation
week 20 and 24). Tissue samples were processed for paraf-
fin section immunophenotyping and stained using the mo-
noclonal antibodies CD3, CD4, and CD8 by DAKO.

Immunohistochemistry was performed using the «avi-
din – biotin – immunoperoxidase» technique. Sections were
deparaffinized and the endogenous peroxidase activity was
blocked by methanol with 0.3 % H2O2 (30 min, RT). First-
step Ab (antibody) (avidin-biotin) were diluted in TBS (Tris
Buffer Saline, 0.05 M Tris in 0.15 M NaCl) and 1 % bovine
serum albumin (BSA) and applied for 60 min (RT). After
each step, the tissue was rinsed twice in TBS. For individual
Ab, the «antigenicity» was enhanced by antigen retrieval.
Isotype-matched Ab were used as negative control. After in-
cubation with first-step Ab, slides were washed in TBS and
then incubated with appropriate second-step biotinylated
Ab for 30 min (RT). Then, slides were washed and incu-
bated with the avidin-biotin-complex for 30 min (RT) or with
peroxidase-conjugated streptavidin. After washing, bound
Ab were visualized by incubating in 3–amino-9–ethyl car-
bazole (AEC) for 5 to 10 min. Sections were subsequently
counterstained with hematoxyline and coverslipped.

The immunostained sections were examined with
a X 40 objective and the distribution of CD3, CD4, and
CD8 within the cell was recorded. Every stained cell was
scored as positive regardless of staining intensity. To count
the number of cells with CD3, CD4, and CD8 staining,
a 10 X 10 square calibrated grid was inserted into the eye-
piece of an Olympus BX40 binocular microscope.

Five-to-ten fields were examined for each section, and at
least 1000 cells were scored, depending on cellularity.

Results

The sections were examined independently by two ob-
servers, and positive cellular staining for CD3, CD4, and
CD8 antibodies was manifested as fine yellow cytoplasmic
granularity and / or surface membrane expression.

2nd Trimester of gestation:
The thymic cortical and medullar substances of fetuses

with Down’s syndrome showed a depletion in the total
number of T-cells as compared with controls after volun-
tary abortion, which was statistically significant (p<0.0001,
t-test). In the cases of Down’s syndrome (Fig. 1), the aver-
age number was 108.6(43.4 CD3 positive cells/mm2 (range
60 to 180 cells/mm2). In the cases of voluntary abortions
(Fig. 2), the average number was 235.3(73.7 CD3 positive
cells/mm2 (range 160 to 380 cells/mm2).

20th week of gestation:
In the cases of Down’s syndrome (Fig. 3), a significant

increase in the CD8/CD4 ratio in comparison with the re-
levant ratio in the cases of voluntary abortions (Fig. 4), was
shown (DS: CD8/CD4=10, Voluntary abortions: CD8/
/CD4=3, p<0.025, chi-square)
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24th week of gestation:
In the cases of Down’s syndrome, a stronger numerical

CD8/CD4 ratio was observed in comparison with the 20th

week, while in the cases of voluntary abortions the relevant
ratio remained constant (DS: CD8/CD4=15, Voluntary
abortions: CD8/CD4=3, p<0.01, chi-square).

The above CD3, CD4, and CD8 positive cells were de-
monstrated in perivascular sites of the cortex, the medulla,
and the corticomedullary region, as well as around Hassal’s
corpuscles.

Discussion

Stem cells originate in the yolk sac, migrate through pri-
mitive lymphatics associated with blood islands, and popu-
late the fetal liver, spleen, and bone marrow. These events
occur during the second to third weeks of postconceptual
life. Stem cells give rise to myeloid cells and lymphoid cells.

Lymphoid cells consist of thymic dependent T cells, which
are responsible for cell-mediated immunity, delayed hyper-
sensitivity, and allograft rejection. B cells derived from the
bursa equivalent, which probably is the fetal liver and bone
marrow in man, differentiate into fully mature lymphocytes
and plasma cells that synthesize and secrete antibodies.
Cellular immunity (T cells) and humoral immunity (B cells)
are two complementary families of lymphoid cells. They
coexist within organized lymphoid follicles that form the
functional unit of the immune response.

Pre-T cells derived from the fetal liver and bone marrow
home to the subcapsular region of the thymic cortex (5,8).
Pre-T cells from the bone marrow are transformed within
the epithelial thymic microenvironment, where they are edu-
cated to distinguish self from nonself. This developmental
event involves both negative and positive selection. T cells
that react in a destructive fashion with host antigens are
eliminated. Selection favors T cells that cooperate with
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Fig. 1: Down’s syndrome. T lymphocytic depletion in the
thymic parenchyme during the second trimester of deve-
lopment. CD3 X100.

Fig. 2: Voluntary abortion. Distinct T lymphocytic distri-
bution in the thymic cortical and medullar substrate during
the twentieth gestational week. CD3X100.

Fig. 3: Down’s syndrome. Relative CD8 lymphocytic pre-
dominance in the thymic parenchyme during the twentieth
gestational week. CD8X200.

Fig. 4: Voluntary abortion. Distinct CD8 lymphocytic di-
stribution in the thymic parenchyme during the twentieth
gestational week. CD8X200.



B cells and macrophages to achieve complementary T-cell
and B-cell immunologic functions. T-cell subsets are identi-
fied by the use of monoclonal antibodies. A large type
I blast cell in the subcapsular region strongly expresses ter-
minal deoxynucleotidyl transferase (TdT). A smaller type II
cell accounts for 60 % to 70 % of the cortical thymocytes.
These cells express CD4 and CD8 receptors in addition to
TdT and CD38. A third type of thymocytes expresses the
CD3 complex in the medulla. It is strongly positive for
HLA-A, -B, and -C markers. The ratio of helper and sup-
pressor cells in tissue is similar to that in peripheral blood.
Thymic epithelial cells also secrete hormones such as thy-
mulin and thymopoietin (6).

Apoptosis or programmable cell death is the fate of
more than 90 % of thymocytes, and most die in situ. The
remaining 10 % of thymocytes circulate to the T cell-depen-
dent regions of the lymph nodes, spleen and MALT.
Maturation takes place in the thymic medulla, where cells
are marked as T4 helper or T8 suppressor cells. Strong
T-cell suppressor activity predominates in the first year of
life (7,13) and suppresses fetal immunoglobulins.

Down’s syndrome (DS) is associated with cellular and
humoral immunological abnormalities and modified histo-
logy of the lymphoid and epithelial compartments of the
thymus has been reported (2,4,11,12). Fonseca et al (4) in-
vestigated the extracellular matrix (ECM) of DS thymuses
and they suggested that severe intrathymic ECM structures
changes occurring in DS may be linked to abnormal corti-
cal thymocyte depletion.

In our study we confirmed previous reports of thymo-
cytes depletion in Down’s syndrome. Moreover, the preva-
lence of CD8/CD4 ratio in fetuses with Down syndrome
over controls after voluntary abortion in the second trimes-
ter of gestation directs towards a cytotoxic / suppressor ca-
pacity of the thymic parenchyme in the affected fetuses.
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