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The role of the thymus in the pathogenesis of AIDS is a frequently discussed and
controversial topic. Tuttleton Arron et al. studied the role of thymic output in SIV
infection directly, by comparing the dynamics of TCR excision circles and CD4+ and
CD8+ Tcell numbers in healthy and in SIV-infected euthymic and thymectomized rhesus
macaques. In this issue of the European Journal of Immunology, they report that
complete abrogation of thymic output in juvenile rhesus macaques has very little impact
on the peripheral T cell compartment, both in healthy and in SIV-infected macaques.
Their data therefore suggest that the main cause of CD4+ Tcell loss during SIV infection
is the peripheral effect of SIV, and not its effect on thymic output.

See accompanying article: http://dx.doi.org/10.1002/eji.200424996

Thymic impairment during HIV/SIV infection

Both HIV infection and its simian counterpart SIV
infection are characterized by a progressive loss of CD4+

T helper cells, ultimately causing susceptibility to
opportunistic infections and development of AIDS. This
progressive loss of CD4+ T cells has frequently been
ascribed to impairment of thymic function resulting
from HIV pathology [1–3]. Indeed, several lines of
evidence show that HIV is able to infect the thymus and
to impair its function. Using the SCID-hu mouse model
(in which human fetal liver and thymus are implanted
under the kidney capsule of immunodeficient SCID
mice) McCune and collaborators have shown that

human thymic tissue is permissive for HIV infection
[4–7], leading to a decrease of the CD4+:CD8+

thymocyte ratio, and an overall reduction of thymocyte
cellularity [1]. HIV-induced thymocyte loss has also
been observed in fetuses aborted from HIV-infected
mothers [8], in thymus biopsies from HIV-infected
children [9, 10], in thymic tissue from individuals who
died of HIV-infection who were studied at autopsy [11],
and in SIV-infected rhesus macaques [12].

Yet, it remains unclear to what extent infection of the
thymus contributes to the progressive CD4+ T cell loss
characteristic of HIV infection. Removal of the thymus in
humans generally has only a limited effect on the size of
the peripheral T cell pool [13]. Even in a small group of
HIV-infected individuals who were thymectomized for
myasthenia gravis before they got infected with HIV,
thymectomy did not preclude long-term survival. Rises
in CD4+ T cell numbers when those thymectomized
individuals were treated with highly active anti-retro-
viral treatment (HAART) turned out to be similar to
those in non-thymectomized HIV-infected individuals
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on HAART [11]. Thus, although many data suggest that
HIV and SIV interfere with thymic output, its effect on
the peripheral CD4+ T cell pool may not be very large.

In this issue of the European Journal of Immunology,
Tuttleton Arron et al. [14] directly studied the role of
thymic output in SIV infection by infecting a group of
thymectomized and a group of sham-operated juvenile
rhesus macaques with SIV. Their study reveals the
important insight that complete abrogation of thymic
output in juvenile rhesus macaques has very little impact
on the peripheral T cell compartment, both in healthy
and in SIV-infected macaques. Their data therefore
suggest that the bulk of CD4+ T cell loss during SIV
infection is due to peripheral effects of SIV, and not to
thymic impairment.

SIV infection and thymectomy have similar
effects on the T cell pool

If thymic impairment were the dominant cause of CD4+

Tcell loss during SIV infection, removal of the thymus in
healthy macaques should at least be able to induce
similar changes in the peripheral CD4+ Tcell pool as SIV
infection does. By thymectomizing nine juvenile rhesus
macaques, Tuttleton Arron et al. [14] show that lack of
thymic output indeed caused a significant CD4+ T cell
decline, which was comparable to the CD4+ T cell loss
observed in euthymic SIV-infected macaques. Neither of
these interventions had a significant impact on the
number of CD8+ T cells or naive CD4+ T cells.

To follow the influence of thymectomy on the
number of recent thymic emigrants in the peripheral
Tcell pool, Tuttleton Arron et al. [14] also measured TCR
excision circles (TREC), the DNA by-products of TCR
gene rearrangements [15]. Since TREC are extra-
chromosomal DNA circles, they are not copied during
T cell division, are only produced upon de novo T cell
generation in the thymus, and have therefore been
suggested to be a good marker of thymic output.
However, not only thymic output, but also T cell death
and proliferation influence the average number of TREC
per T cell [16, 17]. Tuttleton Arron et al. found that both
thymectomized macaques and SIV-infected macaques
experienced a severe drop in TREC per 106 CD4+ and
CD8+ Tcells. These decreasing TREC frequencies in SIV-
infected macaques are consistent with earlier observa-
tions in HIV-infected individuals [3, 16, 18].

Taken together, Tuttleton Arron et al. thus report that
thymectomy and SIV infection in juvenile rhesus
macaques had similar effects on CD4+ T cell numbers
and their TREC contents. At first glance, these experi-
ments therefore seem to suggest that changes to the
CD4+ Tcell pool induced by SIV may in fact be caused by
the deleterious effects of SIV on the thymus.

SIV infection affects the CD4+ T cell pool of
thymectomized and sham-thymectomized
macaques equally

If the main effect of SIV infection would indeed be a
significant reduction of thymic output, one would
expect that infection of thymectomized macaques with
SIV would not severely worsen their situation. However,
Tuttleton Arron et al. found that in thymectomized
macaques, SIV infection also led to a significant loss of
CD4+ T cells and TREC per 106 CD4+ T cells. In fact, the
major decline of CD4+ T cells and their TREC contents
was seen upon SIV infection, whereas thymectomy alone
had only minor effects. Additionally, the loss of CD4+ T
cells and total TREC numbers in the CD4+ T cell
population of thymectomized, SIV-infected macaques
was not significantly faster than in sham-operated, SIV-
infected animals. Together, these observations demon-
strate that the main loss of TREC and CD4+ Tcells that is
characteristic of SIV infection is not due to SIV-induced
thymic impairment but to other, peripheral effects of
SIV.

The data also confirm our previous claim that the
average numbers of TREC per 106 CD4+ or CD8+ T cells
are more strongly influenced by T cell division than by
thymic dysfunction, and that they can therefore not be
taken to reflect thymic function [16]. Although SIV may
interfere with thymic output, the effect of impaired
thymic function is thus not the dominant factor causing
the progressive decline of CD4+ Tcells and TREC per 106

CD4+ T cells during infection.
Even if reduced thymic output is not the major cause

of CD4+ T cell decline during SIV infection, it is of
interest to know whether the presence of functional
thymic tissue could at least have beneficial effects. The
fact that SIV-infected euthymic and thymectomized
macaques experienced a similar CD4+ T cell decline
seems to suggest that the presence of thymic tissue
makes no difference. However, one cannot exclude the
possibility that SIV has such a strong deleterious effect
on the thymus that by comparing sham-operated, SIV-
infected macaques with thymectomized, SIV-infected
macaques one in fact just compares two cases of SIV-
infected macaques without thymic function. The study
of Tuttleton Arron et al. suggests that this is not the case,
by providing data from thymectomized healthy juvenile
macaques; these data suggest that the contribution of
thymic output to the maintenance of the peripheral
CD4+ T cell pool is anyway limited.
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Limited contribution of the thymus to
maintenance of the peripheral T cell pool in
healthy macaques

By following the absolute numbers of TREC of non-
infected thymectomized macaques over time, the
authors elegantly estimated the decay rate of TREC-
bearing cells and thereby the fraction of cells entering
the peripheral pool from the thymus per day. Thymic
output was found to be small: only 0.2–0.3% of the
peripheral T cell pool had migrated from the thymus per
day, which is equivalent to an absolute thymic output of
about 2–3�108 T cells per day. Using more indirect
approaches, thymic output in human adults has also
been estimated to be low, in the order of 108 T cells per
day [19]. Because of this, naive T cell reconstitution is
very slow following T cell depletion caused by various
situations such as chemotherapy, conditioning for bone-
marrow/stem-cell transplantation, monoclonal anti-
body treatment or HIV infection [20–23]. In addition,
it explains why thymectomy affects peripheral blood T
cell numbers and TREC levels only to a minor extent in
HIV-negative human adults [13] and juvenile macaques
[14].

Since thymic output in juvenile macaques and in
human adults is so small, even complete abrogation of
thymic output by SIV would not be expected to
significantly affect the size of the peripheral T cell pool.
However, this hypothesis had yet to be proven, as there
are to date no direct experimental approaches to
actually quantitate thymic function in vivo. The data
obtained by Tuttleton Arron et al. are unique in that for
the first time a direct method is used that shows that the
contribution of the thymus to maintenance of the T cell
pool and to SIV-pathogenesis is limited.

Relevance to pediatric HIV-infection

Importantly, since thymic output is known to decline
progressively with age, and the macaque study was
performed in juveniles, an even smaller contribution of
thymic output would be expected in adult macaques or
adult humans. We have recently tested the hypothesis
that in young children – in whom thymic function is
considered to be optimal – HIV infection of the thymus
may have a significant contribution to HIV-induced
CD4+ T cell loss. To this end, we followed changes in
total body CD4+ T cell numbers and total CD4+ TREC
numbers with age in a group of healthy children of
different ages.

If the major source of CD4+ T cells in young children
were the thymus, one would expect the dynamics of
CD4+ T cell and TREC numbers to be very similar.
Instead we found large discrepancies between the two.

While total body naive CD4+ T cell numbers increased
during the first years of life, total CD4+ TREC numbers
remained stable during this period, suggesting that the
increase in naive T cell numbers was largely due to
peripheral T cell proliferation [24]. Thus, even in young
healthy children, thymic output seems to be less critical
in maintaining or increasing peripheral blood naive T
cell numbers than previously thought, and HIV-related
impairment of thymic function may therefore not have a
significant impact on peripheral blood T cell numbers.
The data presented by Tuttleton Arron et al. are
compatible with these observations.

Concluding remarks

Taken together, the study of Tuttleton Arron et al.
provides some new and exciting insights about normal T
cell homeostasis, and about SIV pathogenesis. Thymect-
omy in healthy juvenile macaques had only a mild effect
on CD4+ Tcell and TREC dynamics. Of note, the authors
suggest that these changes induced a compensatory
increase in peripheral T cell proliferation. However,
whereas thymectomy only affected the CD4+ T cell
decline, Ki67 expression was up-regulated in both CD4+

and CD8+ T cells, and only months after surgery.
Increased Ki67 expression could therefore also be
related to antigen-exposure, and the effects of thymect-
omy on homeostatic changes in Tcell proliferation and T
cell lifespan, if any, still need to be addressed.

Importantly, the authors showed that the thymus
does not play a central role in SIV-induced CD4+ T cell
decline. Indeed other, peripheral mechanisms have been
suggested to play a more crucial role in SIV- and HIV-
pathogenesis; one such mechanism is chronic immune
activation, which has been proposed to cause erosion of
the naive Tcell pool and thereby depletion of CD4+ Tcell
numbers [25–28].
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