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LETTERS TO THE EDITOR

To the editor—Secondary lymphoid organs
are widely understood to play a pivotal
role in coordinating adaptive immune re-
sponses, though direct demonstrations
are few. Most available evidence use as
their model the alymphoplastic (aly/aly)
mouse which lacks peripheral lymph
nodes as well as Peyer’s patches1–3. Most
recently, Lakkis and colleagues demon-
strated that splenectomized aly/aly mice
are rendered immunologically ‘ignorant’
of their subsequent cardiac allograft, and
aly/aly mice with spleens in place perma-
nently accept skin allografts. The authors
conclude that secondary lymphoid organs
are essential for mediating rejection.
Although they are undoubtedly necessary
in certain responses, it is unclear to us that
secondary lymphoid organs play an essen-
tial role here. Apart from the absence of
lymph nodes, aly/aly mice host a variety
of other serious immune defects which
might confound the authors’ findings, in-
cluding depressed baseline immunoglob-
ulin production and isotype switching,
defective T-cell function and faulty hom-
ing responses1,5.

Lymphotoxin-α–deficient (Lta–/–) and
lymphotoxin-β-receptor–deficient (Ltbr–/–)
mice are similarly devoid of lymph nodes
and Peyer’s patches, but share few other
defects additionally associated with
aly/aly mice6,7. Their T-cell responses in-
deed appear unperturbed8,9. Lta–/– mice re-
ject allogeneic skin grafts in near

identical tempo to wild-type controls
(Fig. 1a), a finding confirmed in Ltbr–/–

and splenectomized Ltbr–/– recipients
(MST:14.2d, n = 9). Moreover, splenec-
tomized Lta–/– and Ltbr–/– recipients re-
main capable of rejecting BALB/c cardiac
allografts, sometimes in as few as 21 days
(Fig. 1b). The delayed rejection points to
the importance but also the dispensabil-
ity of secondary lymphoid organs for re-
jection of cardiac allografts. The finding
that Lta–/– and Ltbr–/– recipients reject
heart transplants in the absence of sec-
ondary lymphoid organs challenges the
wider significance of conclusions Lakkis
and colleagues draw from their data, and
suggests that concomitant intrinsic de-
fects found uniquely in aly/aly mice—
apart from lymph-node agenesis—may
have contributed significantly to their
findings. The reciprocal adoptive transfer
controls they performed to address these
concerns are complicated by issues of
homeostatic expansion and survival.

The findings of Lakkis and colleagues
in aly/aly mice are no doubt important.
However, given the pleiotropic effects of
the aly mutation and in light of conflict-
ing findings in Lta–/– and Ltbr–/– mice
when compared with aly/aly mice, a more
cautious interpretation of the data might
be prudent. It is likely that the aggregate
of diverse immune defects in the aly/aly
phenotype together, rather than lymph
node and Peyer’s patch agenesis alone,

may be responsible for the immunologi-
cal ‘ignorance’ witnessed in aly/aly mice.
The salient consideration is that other
studies of immune responses studied in
aly/aly mice might overestimate the in-
volvement of secondary lymphoid or-
gans1–3.
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Fig. 1 Limited role of lymph nodes and spleen in allograft rejection. a, Lymph nodes are not es-
sential for the rejection of skin allografts. Full-thickness tail skin was transplanted from 5–8-wk-old
BALB/c mice to the dorsal flank area of 5–8-wk-old C57BL/6 or B6-Lta–/– recipients. Rejection was
defined as graft necrosis more than 80%. Time course of rejection of allogeneic (BALB/c) skin
grafts is near identical in Lta–/– (�; n = 5) and wild-type (�; n = 5) mice. Similar results were also
obtained when donor abdominal skin was used. b, Lymph nodes and spleen are not essential for
the rejection of cardiac allografts. Cardiac allograft transplant was performed using BALB/c
donors and C57BL/6 (�; n = 7), splenectomized B6-Lta–/– (�; n = 5) or splenectomized B6Ltbr–/–

(�; n = 4) recipients. Allograft survival was assessed by palpation. Rejection was defined as cessa-
tion of heart beat. Splenectomized B6-Lta–/– and B6-Ltbr–/– recipients show delayed, but fully com-
petent rejection.

Lakkis replies—Using Lta–/– and Ltbr–/–

mice as models to study the role of sec-
ondary lymphoid organs in the alloim-
mune response, Chin et al. present data
that seem to challenge our conclusion
that the immune response to a vascular-
ized organ graft can not be initiated in
the absence of secondary lymphoid or-
gans4, which is based on a systematic
study of allograft rejection in the alym-
phoplastic (aly/aly) mouse. Although the
findings of Chin et al. are intriguing,
they do not refute our conclusion. We
carefully excluded in our study the possi-
bility that failure to mount an alloim-
mune response in splenectomized aly/aly
mice resulted from an intrinsic abnor-
mality in aly/aly T-lymphocyte activa-
tion or homing. 

First, we showed that aly/aly T cells
mediate allograft rejection in T-cell–defi-
cient hosts that have normal secondary
lymphoid organs4. We adoptively trans-
ferred T-cell–enriched blood leukocytes
from naive splenectomized aly/aly mice
to recipients of cardiac allografts defi-
cient in T lymphocytes and T-cell recep-
tor-βδ. We then observed acute rejection
in each recipient albeit at a slower tempo
than rejection precipitated by the trans-
fer of naive, wild-type T cells (median
graft survival: 20 and 11 d, respectively).
These data clearly indicate that the in-
trinsic defect in aly/aly T cells slows the
rejection process by a modest degree but
does not abolish it. 

Second, we showed that transfer of a
large number of naive, wild-type T cells
(4–8 × 107) to splenectomized aly/aly
mice two days after heart transplantation
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