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Dear Editor,
Thymic epithelial cells (TECs) orchestrate the differ-

entiation of haematopoietic precursors into functional and
self-tolerant T cells. TECs are surprisingly dynamic, with a
high proliferative rate (~8-10% per day) capable of repla-
cing the entire compartment in approximately 2 weeks
[1, 2]. These findings imply similarly high rates of TEC
death during homeostasis, yet the mechanisms and impact
of cell death processes upon age-related thymic involution
are unknown. We recently found that loss of the pro-
survival BCL-2 family member, MCL-1, provoked abnor-
mal TEC death, and thymic atrophy [3]. However, the
identification of this requirement for TEC survival does not
inform the physiological death processes governing their
homeostasis. Therefore, we employed conditional genetic
loss-of-function approaches to disable specific cell death
modalities, to determine how TECs die under homeostatic
conditions.

Unlike most tissues, TECs constitutively undergo macro-
autophagy under resting conditions [4]. To establish whe-
ther TEC homeostasis is controlled by this process, we
generated mice with TEC-specific ablation of the key
autophagy genes, Atg5 or Atg7. Atg5ΔFoxn1, and Atg7ΔFoxn1

mice had normal thymic cellularity, TEC numbers, cortical
TEC (cTEC), and mTEC subset composition (Fig. 1a,
Figure S1A). AIRE− cells were reduced in Atg7ΔFoxn1 mice
(Fig. 1a), implying a pro-survival role for autophagy in this
subset; however, overall these data suggest that autophagy
does not induce TEC death.

RNA sequencing data from TEC subsets [3] revealed
expression of mediators of the death receptor pathway of
apoptosis (e.g. FAS, TRAIL-R, FADD, and caspase-8).
Therefore, we deleted an essential transducer of this path-
way, caspase-8, specifically in TECs (Western blotting
revealed residual amounts of caspase-8 remained in TEC
(Figure S1B)). However, we did not observe increased TEC
numbers in Casp8ΔFoxn1 compared to Casp8lox/lox mice
(Fig. 1b), suggesting that death receptor signaling is not
critical for the death of TECs. However, caspase-8 can also
serve a pro-survival role by antagonizing RIPK3/MLKL-
driven necroptosis, for example, following engagement of
TNFR1. To address whether necroptosis obscured an
accumulation of TECs that would otherwise be detected in
the absence of caspase-8-mediated, death receptor-induced
apoptosis, we assayed the thymic phenotype in Casp8
−/−Ripk3−/− mice (prior to the onset of lymphadenopathy
and systemic autoimmunity) where necroptosis and death
receptor-mediated apoptosis are both disabled. These mice
exhibited a normal thymus and TEC compartment, sug-
gesting that neither death receptor nor necroptosis pathways
mediate TEC death (Fig. 1b, Figure S1A).

We recently found that the loss of the pro-survival BCL-
2 family member, MCL-1, provoked abnormal TEC death,
and thymic atrophy [3]. However, this finding does not
necessarily imply that the intrinsic pathway of apoptosis
normally controls TEC homeostasis. To test whether the
intrinsic pathway of apoptosis is required for physiological
TEC death under homeostatic conditions, we removed the
essential effectors of this pathway, BAX and BAK, only in
TECs by creating BaxΔFoxn1Bak−/− mice (Figure S1B). We
did not observe any gross changes in thymic cellularity,
cTEC, mTEChigh or expression of AIRE in these mice
compared to their respective controls; however, there was a
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specific increase in MHCIIlow mTEC (mTEClow) in the
BaxΔFoxn1Bak−/− mice (Fig. 1c, Figure S1A). This pheno-
type was not exacerbated by the additional absence of
caspase-8 in BaxΔFoxn1Bak−/−Casp8ΔFoxn1 mice (Fig. 1c,
Figure S1A), indicating that only the intrinsic pathway of
apoptosis-mediated substantial TEC death in young thymi.
To determine whether BAX/BAK-mediated apoptosis
affected thymic involution, we analysed 1.5-year-old
BaxΔFoxn1Bak−/− mice and found that while mTEClow

numbers remained substantially increased, overall thymic
cellularity was unaffected (Figure S1C). Collectively, these
findings indicate that the intrinsic pathway of apoptosis

promotes the death of mTEClow during thymic homeostasis.
This wave of apoptosis may accompany the differentiation
of mature mTEChigh AIRE+ TECs transitioning back into
the MHCIIlow subset [5, 6].
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Fig. 1 Loss of apoptosis, autophagy or necroptosis does not grossly
alter thymic epithelial cell homeostasis. a–c Overall numbers of TECs,
TEC subsets, and AIRE+ or AIRE− cells were determined by flow
cytometry in mice with deletion of genes critical for autophagy (a), the
death receptor pathway of apoptosis and necroptosis (b) or the intrinsic
and death receptor pathways of apoptosis (c). TECs were classified
into: mTEChigh (Ly51−UEA-1+MHCIIhigh or Ly51−MHCIIhigh),
mTEClow (Ly51−UEA-1+MHCIIlow or Ly51−MHCIIlow), and cTECs
(Ly51+UEA-1-MHCII+ or Ly51+MHCII+). “Controls” group in

autophagy panel includes Atg7lox/lox and Foxn1+/+Atg7lox/+ mice (no
difference observed between these groups). Data are representative for
at least two independent experiments (except data for Atg5 which was
a single experiment) with n ≥ 2/group. Graphical data (a) are pooled
from two experiments for Atg7ΔFoxn1 only. Each point represents an
individual mouse and graph bars indicate mean ± SEM. Groups were
compared with a Student’s t-test (two sided, unpaired); *p < 0.05;
**p < 0.01
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