CASE REPORTS

Lymphoproliferation, immunodeficiency and
early-onset inflammatory bowel disease associated
with a novel mutation in Caspase 8

Caspase-8 is a member of the aspartate-specific cys-
teine protease family that is typically synthetized as an
inactive zymogen and activated upon an appropriate
stimulus. Caspase-8 plays an essential role in apoptotic
signal transduction from the death receptor. Recruitment
of procaspase-8 into the death signaling complex leads to
its dimerization, autoproteolytic cleavage and formation
of a highly active heterotetramer. Caspase-8 subsequent-
ly activates caspase-3, thereby initiating the proteolytic
pathway, and ultimately resulting in the apoptotic disas-
sembly of the cell.' Additionally, caspase-8 is also essen-
tial for various immune processes, such as lymphocyte
activation, inflammasome regulation and cytokine pro-
duction.*®

Only one disease-causing mutation in the CASP8 gene
in humans has been described thus far. Originally,
NM_001228:c.793C>T, p.R265W was found in a
homozygous constitution in two children of consan-
guineous parents with clinical manifestations resembling
autoimmune lymphoproliferative syndrome (ALPS) and
immunodeficiency, characterized by recurrent infections
and a poor response to immunization.’ Later, the same
mutation was found in other patients who were distantly
related to the first two cases and presented with adult
onset end organ lymphocytic infiltration and granulomas,
with clinical features of immune deficiency and dysregu-
lation.” Here, we present a novel disease-causing muta-
tion in the human CASPS8 gene.
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Our patient is a 15-year-old boy who presented at the
age of 5 months with failure to thrive, lymphadenopathy,
recurrent enterorrhagia, rectal prolapse, rectal polyps and
perianal fistula, hepatosplenomegaly and anemia. He
underwent an appendectomy at 4 years for persistent
abdominal pain, revealing severe mesenteric lym-
phadenopathy. Subsequently, he suffered from recurrent
sinopulmonary infections, otitis and fevers of unknown
origin. At 5 years of age, he developed pneumonia, dur-
ing which a chronic atelectasis of the left lung lobe and
generalized lymphadenopathy were noted on computed
tomography scan. The patient also suffered numerous
EBV infections/reactivations. Bone marrow samples dis-
played signs of chronic cellular activation but no malig-
nancy was found (Ownline Supplementary Figure S1).
Laboratory examination showed mild dysgammaglobu-
linemia (IgG 10.3 g/l, norm 7.31 - 12.75 g/I; IgA 0.78 g/],
norm 0.91 - 1.7 g/l; IgM 0.18 g/l, norm 0.47 - 1.8 g/I) and
low specific antibody response to polysaccharide vac-
cines (anti-HiB 0.37 mg/l, norm >1 mg/l, anti-pneumo-
coccus 3.63 mg/l, norm >6 mg/l). Inmunophenotyping
of peripheral blood cells revealed increased activated T
cells with a maturation shift towards effector memory
cells (70.3% in CD4*, norm 0.49 - 25% (884 cells/ul,
norm 5.1 - 210 cells/ul) and 72.1% in CD8*, norm 4 -
100% (1541 cells/ul, norm 16 - 810 cells/ul)), and a low
level of naive cells. Accordingly, T-cell receptor excision
circles (TREC) measured at the age of nine years were
also low, forming only 660 copies per 1x10° cells which
is below the level observed in children of the same age
group. In contrast, B cells showed a decreased count of
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Figure 1. Procaspase-8 structure and impaired caspase-8 expression and activity. Homozygous CASP8 mutation ¢.1232C>T, p.P411L is located in the linker
of the protein (A - scheme, B - NMR structure, PDB code 2K7Z°). DED, death-effector domain. Black crosses show cleavage resulting in activation of the enzyme.
The ¢.1232C>T, p.P411L mutation impaired caspase-8 expression (C, row 1), as well as cleavage (C, rows 1,2) and activity (C, rows 3,4) upon anti-FAS stimula-
tion. Apoptosis measured as Annexin V positivity in three independent experiments was also decreased (D).
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CD3*TCRab"CD4°CD8 T cells were not increased in any
of the measured timepoints (for more details, see Online
Supplementary Table S1). The patient was regularly fol-
lowed and treated symptomatically.

To exclude X-linked lymphoproliferative syndrome
and activated PI3K-delta syndrome SH2D1A, BIRC4,
PIK3CD and PIK3R1 genes were analyzed by Sanger
sequencing initially. Upon negative results, whole-exome
sequencing was performed using the NextSeq Illumina
platform. Variant calling, data analysis and annotation
were carried out as described in Ounline Supplementary
Methods. Multiple variant filtering strategies were used to
prioritize genetic variants based on population frequency,
the patient’s phenotype, mode of inheritance and variant
severity as assessed by prediction tools. Using this proto-
col, a previously unpublished variant in the CASPS gene,
NM_001228:c.1232C>T, p.P411L, was detected in a
homozygous trait. The variant was not found in dbSNP,
the NHBLI Exome Sequencing Project, or the 1000
Genomes Project database, and it was predicted to be
deleterious by most prediction tools (Ounline
Supplementary Table S2). Sanger sequencing confirmed
the homozygous variant in the patient and a heterozy-
gous carrier status in the patient’s parents and his broth-
er, who are healthy (Online Supplementary Figure S2).
Clinical manifestation in our patient, harboring the
p.P411L mutation, is only partially concordant with two
previously published p.R265W patients, where the gas-
trointestinal symptoms were not described with the
exception of chronic diarrhoea in one patient.* Very-
early-onset gastrointestinal involvement in our patient
thus expands the array of potential phenotypical features
of CASP8 mutations. Interestingly, while it dominated
the clinical course in the first years of life, it later subsided
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to be replaced with severe respiratory infections, includ-
ing pneumonias, and chronic lung damage. On the other
hand, the clinical presentation of the other two previous-
ly reported adult patients with p.R265W mutation, such
as adult-onset pulmonary hypertension necessitating a
lung transplant and complex neurological disease,” have
been absent in our patient so far. We suggest that the spe-
cific genetic background and the nature of the novel
p.P411L mutation along with other potential co-factors,
such as infections, may account for the variant inter-indi-
vidual clinical presentation. Online Supplementary Table S3
shows a comparison of clinical features of the CASP8
¢.1232C>T patient with the previously published cases.*’
While the originally described p.R265W mutation is
located in the p18 subunit, the novel p.P411L mutation is
positioned in the part of the linker that remains attached
to the p10 subunit after self-cleavage by procaspase-8
during caspase-8 activation (Figure 1A, 1B, Ounline
Supplementary Figure S2).*” We hypothesized that the
p.P411L variant may modify the arrangement of the link-
er and consequently affect the dimerization and proper
cleavage, as seen in previous experiments with artificially
manufactured p.T484D mutation located in the dimeriza-
tion region.’ Indeed, stimulation via FAS receptor failed
to induce cleavage of procaspase-8 in the patient’s cells
which, together with an impaired cleavage of its sub-
strate caspase-3, indicated decreased caspase-8 function
(Figure 1C). Moreover, reduced FAS-mediated apoptosis
of the patient’s effector memory T cells further confirmed
the disruption of apoptotic pathway at a single cell level
(Figure 1D). Furthermore, the expression of procaspase-8
itself was diminished in the patient’s cells (Figure 1C).
Procaspase-8 has also been shown to be involved in
non-apoptotic signaling downstream of the T-cell recep-
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Figure 2. Alterations in T-cell signaling and TLR3-related innate cell characteristics. The patient’s cells presented with impaired caspase-8-dependent NFkB
activation (A, B) whereas caspase-8-independent NFkB activation remained unchanged (B). CD1c* and CD141" mDC subpopulations were decreased in
patient’s PBMC (gated on Lin"HLA-DR*CD14-CD11c" cells. (C) IL-6, IL-1f, and TNFa production induced by TLR3 agonist poly(l:C) measured in supernatant (D),

and monocytes and mDC (E) was also diminished.
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tor (TCR) and consequently in signaling to NFkB.> Time-
dependent NFxB activation was substantially decreased
in the patient’s T cells upon TCR engagement (Figure
2A). Importantly, no such reduction was observed after
TNFo stimulation in monocytes, indicating that caspase-
8-independent NFkB activation® was not affected (Figure
2B). Further evidence of disrupted non-apoptotic signal-
ing was obtained by evaluation of T-cell activation
(CD25, CD69) and proliferation (Ki-67, CellTrace Violet
dye) which was substantially decreased in the patient’s T
cells, both naive and effector memory, upon TCR stimu-
lation, and only poorly restored by the addition of inter-
leukin-2 (Online Supplementary Figure S3A, S3B.). In ALPS
patients, lymphadenopathy is attributed to the accumula-
tion of highly proliferative double negative
CD3*TCRab"CD4CD8" T cells in the lymph nodes.” In
contrast, double negative T cells were found to be unal-
tered in terms of count and proliferation in our patient
(Online Supplementary Table S1 and Online Supplementary
Figure S3C). Since the ability of the patient’s T cells to
activate and proliferate ex vivo was actually lower, despite
their higher counts, we suggest that lymphadenopathy in
caspase-8 deficiency results from chronic activation and a
gradual accumulation of the apoptosis-resistant CD4*
and CD8" T cells in affected lymph nodes. The role of the
p.P411L mutation in naive T-cell lymphopenia is unclear.
Since caspase-8 signaling has been suggested to play a
role in the downstream activation of signal transduction
from immunoreceptors,*'’ poor generation and prolifera-
tion of the naive T-cell compartment together with
reduced memory B-cell formation, either due to inade-
quate T-cell help or to intrinsic B-cell defects, might
account for the clinical immunodeficiency observed.

Recurrent infections in the patients could also be pro-
moted by diminished innate immune responses. Recent
mounting evidence indicates the importance of caspase-8
in Toll-like receptor (TLR)-mediated inflammation.*"
Stimulation of murine caspase-8-deficient cells with a
synthetic analog of double-stranded RNA (dsRNA) -
poly(I:C), which is a ligand of TLR3 and cytoplasmic
receptors retinoid acid-inducible gene-I (RIG-I) and
melanoma differentiation-associated gene 5 (MDADJ),
resul1t2ed in severe impairment of TNFa and IL-6 produc-
tion.

In our patient, we demonstrated skewed myeloid den-
dritic cell (mDC) subpopulations, with a decreased num-
ber of both the more common CD1c* and the very rare
CD141* mDCs (Figure 2C, Online Supplementary Figure
S4), the only two DC subsets expressing TLR3."
Stimulation via TLR3 led to impaired production of IL-6,
IL-1f, and TNFa in the patient’s cells, both mDCs and
monocytes (Figure 2D, 2E), while TLR4 engagement
resulted in a similar level of produced cytokines as in
healthy controls (Online Supplementary Figure S5).

In conclusion, we identified a novel CASP8 mutation in
the patient with lymphoproliferation, immunodeficiency
and gastrointestinal involvement. Functional analyses of
caspase-8-related pathways and cytokine production
have supported a direct causal relationship between
mutation p.P411L and a clinical phenotype. All laborato-
ry and ex vivo functional tests were performed during a
sufficiently long off-treatment period, avoiding the risk of
treatment-biased results.
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