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Abstract Caspase-8 deficiency (CED) was originally de-
scribed in 2002 in two pediatric patients presenting with clin-
ical manifestations resembling autoimmune lymphoprolifera-
tive syndrome (ALPS) accompanied by infections, and T, B
and NK cell defects. Since then, no new CED patients were
published. Here we report two adult siblings (Pt1 and Pt2)
presenting in their late thirties with pulmonary hypertension
leading to lung transplant (Pt1), and a complex neurological
disease leading to multiple cranial nerves palsies (Pt2) as their
main manifestations. A thorough clinical and immunological
evaluation was performed at the Primary Immunodeficiency
Clinic at NIH, followed by whole exome sequencing. The
patients had multiorgan lymphocytic infiltration and granulo-
mas, as well as clinical signs of immune deficiency/ immune
dysregulation. Both siblings carried homozygous mutations in

CASP8, c.1096C > T, p.248R > W. This was the same mu-
tation described on the previously published CED pa-
tients, to whom these new patients were likely distantly
related. We report two new CED patients presenting dur-
ing adulthood with life-threatening end-organ lympho-
cyte infiltrates affecting the lungs, liver, spleen, bone
marrow and central nervous system. This phenotype
broadens the clinical spectrum of manifestations associ-
ated with this disease and warrants the search of CASP8
mutations in other cohorts of patients.
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Introduction

Apoptosis, a form of programmed cell death, helps tomaintain
a homeostatic balance in the immune system allowing potent
responses to pathogens but avoiding autoimmunity. Apoptosis
is controlled by caspases, a group of aspartate-specific cyste-
ine proteases. In lymphocytes, the CD95 (FAS, APO-1) re-
ceptor triggers cell apoptosis by recruiting FAS-associated
death domain (FADD), caspase-8 and caspase- 10 proteins
into a death-inducing signaling complex (DISC). Recruitment
into the DISC induces procaspase-8 oligomerization, followed
by full processing into a highly active soluble tetramer that
propagates the death signal, resulting in the demise of the cell
[1].

In 2002, Chun et al. identified two patients with Caspase 8
deficiency (CED) [1]. The authors described two siblings, a
12-yr-old female and an 11-yr-old male born to a distantly
consanguineous family, with some features of the autoim-
mune lymphoproliferative syndrome (ALPS), such as lymph-
adenopathy, splenomegaly slight elevation of the TCRαβ +
CD4-CD8- T cells and defective lymphocyte apoptosis. In
addition, and unlike other ALPS patients, these patients also
presented with short stature, failure to thrive, asthma, recurrent
sinopulmonary and cutaneous herpes simplex virus (HSV)
infections, inverted CD4/CD8 ratios, slightly diminished
IgG, IgA and IgM levels and poor responses to pneumococcal
immunization, pointing to a mild combined immunodeficien-
cy (Table 1). These patients were found to carry a homozy-
gous mutation in the gene encoding caspase-8 (CASP8). In
subsequent work, the same group demonstrated that caspase-

8 was necessary for full activation of NF-kB downstream of
the TCR, BCR, some NK and TLR receptors, explaining the
underlying immunodeficiency state seen in the patients [2].
Since this original description, occurred over 12 years ago,
no further CED patients were reported. Herein we report two
new CED patients that presented during adulthood with man-
ifestations mainly caused by end-organ lymphocytic infiltra-
tion, expanding the clinical findings of this disorder.

Patients, Materials and Methods

Patient Cohort

Patient 1 (Pt1, female, 42y.o.) and Patient 2 (Pt2, male,
41 y.o.) were two out of four children born to a reportedly
non-consanguineous healthy couple. Pt1 and Pt2 were re-
ferred to the Primary Immunodeficiency Clinic (PID-C), Na-
tional Institutes of Allergy and Infectious Diseases (NIAID),
National Institutes of Health (NIH) for immune status evalu-
ation. Pt1 could not travel to be physically evaluated at the
PID-C because of her clinical condition, but her medical re-
cords, lymphocyte phenotype and genomic DNA were
analyzed.

Whole Exome Sequencing (WES)

The genomic DNA from Pt1, Pt2, unaffected sister 1, unaf-
fected sister 2, father and mother were analyzed by whole
exome sequencing (WES) in a Solid 4 platform (Life

Table 1 Immunologic study in late-onset CED patients

Pt1 Pt23 NL range, Adults Chun et al., Pt1 Chun et al., Pt2 NL range, Pediatrics

Lymphocytes/uL 9901 3,710 1,400–3,300 1,510 2,362 1,900–3,700

CD3 abs (%) 925 (93.4)1 3673 (99) 700–2,700 NR NR 1,200–2,600

CD4 abs (%) 233 (23.5)1 345 (9.3) 360–1,600 349 (23.1) 590 (25) 650–1,500

CD8 abs (%) 649 (65.6)1 3250 (87.6) 250–900 749 (49.6) 1091 (46.2) 370–1,100

CD4/CD8 ratio 0.351 0.1 1.1–5.1 0.5 0.5 1.1–5.1

CD16/56 abs (%) 35 (3.5)1 26 (0.7) 130–730 NR NR 100–480

CD20 abs (%) 30 (3.1)1 15 (0.4) 60–330 NR NR 270–860

CD3+/αβ + DNT abs (%) ND 63 (1.7) 6–23 NR NR 6–23

IgG mg/dL 11242 1030 700–1,600 857 544 759–1,550

IgA mg/dL 1172 181 70–400 112 56 58–359

IgM mg/dL 152 22 40–230 57 32 35–239

IgE IU/mL 172 46 <380 7 20 <90

Ht/Hb (%/gr/dL) 37.7/12.81 41/12.3 40–51/13.7–17.5 NR NR 34.1–44.9/11.2–15.7

Platelets/uL 991 243 161,000–347,000 NR NR 173,000–369,000

Sedimentation rate (mm/h) ND 22 <20 NR NR <20

1 send-in sample evaluated at NIH 1 year prior to lung transplant, 2 measured 2 years prior to lung transplant and 2months after a single IVIG replacement
infusion (dose unknown); 2measured at the patient’s first NIH evaluation and already on IVIG replacement (600 mg/kg/month). ND, not done; NR, not
reported

J Clin Immunol (2015) 35:348–355 349



technologies, Carlsbad, CA). Paired end reads were aligned to
the hg18 human reference genome using Bioscope software
(Applied Biosystems); the non-coding regions of the reference
genome were masked to avoid alignment with intergenic ho-
mologous sequences including pseudogene sequences, which
would result in mapping qualities of zero. BAM files were
soft-clipped to remove reads hanging off the end of the refer-
ence sequence, then sorted in karyotypic order and indexed
using Picard tools (http://picard.sourceforge.net). We then
applied GATK base quality score recalibration, indel
realignment, and performed SNP and INDEL discovery and
genotyping using standard hard filtering parameters or variant
quality score recalibration [3, 4]. Multiple variant
prioritization strategies were used to prioritize genetic
variants, based on the phenotype of the patients and/or family
members, the mode of inheritance, the severity of the disease,
and variant conservation and/or population frequency. This
was accomplished using a variety of variant annotation tools,
including SeattleSeqAnnotation (http://snp.gs.washington.
edu/SeattleSeqAnnotation/), ANNOVAR [5], SIFT [6],
MutationTaster [7], and GeneDistiller 2 [8]. Sanger
sequencing confirmed relevant results.

Functional Immunologic Evaluation

Immunoblotting: Cell lysates were prepared from EBV-
transformed B cells from Pt2 and resolved on 4–12 %
NuPAGE Bis–Tris gels (Invitrogen). Proteins were transferred
on a nitrocellulose membrane and probed with the use of anti-
Caspase 8 (Cell signaling) and anti-β-actin (Sigma-Aldrich)
antibodies.

T cell proliferation: peripheral blood mononuclear cells
(PBMCs) from Pt2 and a healthy control were loaded with
10 uM of CFSE and activated with soluble anti-CD3 and
anti-CD28, with or without IL-2, for 3 days. CFSE dilution
was then evaluated by flow cytometry. T cell activation and
cytokine secretion: PBMCs from Pt2 and a healthy control
were stimulated with anti-CD3 and anti-CD8 coated beads.
CD25 expression was then evaluated by flow cytometry. IL-
2 secretion in the supernatant was measured by ELISA. Toll-
like receptor function: PBMCs from Pt2 and a healthy control
were stimulated with a set of TLR ligands and different cyto-
kines were measured in the supernatant by ELISA.

Results

Clinical and Laboratory Findings

Pt1: female, reported to be healthy until 2 m after delivering a
normal baby girl at age 38. At that time she developed acute
shortness of breath, diagnosed as pneumonia and treated with
oral antibiotics. Dyspnea progressively worsened during the

following months and she was eventually diagnosed with pul-
monary hypertension and interstitial lung disease (no further
studies were available for review). High dose steroids and
sildenafil citrate failed to control her symptoms. At age 40
she was admitted with high-grade fevers and pancytopenia
in the context of acute EBV infection and treated with one
dose of intravenous immunoglobulin (IVIG) and filgrastim
(pre-IVIG Ig levels: IgG 682 mg/dL, IgA 80 mg/dL, IgM
13 mg/dL) and eventually fully recovered from this episode.
Two months later her Ig levels were normal (Table 1). During
the following 2 years her lung condition continued to deteri-
orate, and at age 42 she successfully received a lung trans-
plant. Reports from the explanted lung biopsies highlighted
the presence of multiple necrotizing and non-necrotizing gran-
ulomas, and interstitial lung disease with lymphoid clusters,
while no microorganisms were seen or grown from the tissues
(slides were not available for review). Eight months after her
lung transplant, and while on steroids, mofetil mycophenolate
and tacrolimus as anti-rejection medication, she developed a
Nocardia asteroides meningoencephalitis that was her cause
of death.

Pt2: male, healthy until age 37 when he presented with a
complex neurologic syndrome characterized by anisocoria,
solid food dysphagia, and right side throbbing migraines,
followed by recurrent lung infections, liver and spleen nodular
organomegaly. Neurologic exam showed left trigeminal neu-
ralgia, left IX, X and XII palsy/paresis, right mydriasis, and
right III, IVand VI palsy/paresis. Neurologic images showed a
1 cm3 mass at the Meckel’s cave that was surgically resected
(Fig. 1), and abdomen CT scans showed multinodular liver
and spleen lesions (Fig. 2). No inflammation, infection or
malignancy was detected from CSF lumbar puncture analysis,
but the mass biopsy showed a necrotizing granuloma (Fig. 1).
A thin needle liver biopsy was not informative at that time
(only fibrous tissue was visualized; microbiology cultures
were also negative). Both his neurologic manifestations and
his liver-spleen nodular disease responded impressively to
oral methyl prednisone (60 mg/day) (Fig. 2). During follow
up, flares of his neurologic manifestations responded to in-
creased immunosupression over his baseline daily corticoste-
roids (20 mg). The patient presented multiple aspiration pneu-
monias and eventually developed bronchiectasis (Fig. 2).
Staphylococcus aureus and Pseudomonas aeruginosa were
repeatedly isolated from sputum samples and he was placed
on IVIG therapy. Immunoglubulin levels pre-IVIG replace-
ment were IgG 992 mg/dL, IgA 369 mg/dL, IgM 25 mg/dL,
IgE 87 IU/mL; no antibody functional tests were determined.
During follow up, IgG trough levels where found to be as low
as 580 mg/dL while the patient was maintained on daily meth-
yl prednisone (60mg) and mofetil mycophenolate (1,500mg).
CFTR genetic analysis showed no mutations, and neutrophil
respiratory burst testing was also normal. During his evalua-
tion at the NIH (Table 1), and while on a daily corticosteroids
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maintaining dose (20 mg), a bone marrow aspirate and biopsy
showed clusters of small CD3+ CD8+ Perforin + T cells in-
filtrates, scattered CD20+ B cells and increased CD138+ plas-
ma cells. T-cell and B-cell clonal diseases were rule out by
DNA-based TCR and BCR rearrangement studies; karyotype
was also normal on his bone marrow; plasma protein
immunofixation studies did not show clonal bands. A liver
biopsy showed mild portal and lobular inflammation with
CD3+ CD8+ Perforin + GranzymeB + TIAl + Ki-67+ lym-
phocyte infiltration of sinuses, and sinusoidal dilatation
(Fig. 1). One year after his NIH evaluation, the patient died
due to progressive neurological and pulmonary complica-
tions. An autopsy was not performed.

Genetic Analysis

The number of variants detected byWES for the two patients,
one healthy sibling and both parents ranged from 33913 to
35146. Twenty-nine single nucleotide variants and no inser-
tions or deletion were inherited in an autosomal recessive
manner, including CASP8 NM_033355 c.742C > T,
p.R248W (alternate notation based on other transcripts:
NM_033356 c.697C > T, p.R233W; NM_001080124
c.697C > T, p.R233W; NM_001080125 c.919C > T,
p.R307W; NM_033358 c.677C > T, p.T226M; NM_001228
c.793C > T, p.R265W). The CASP8 variant was homozygous
in both patients and heterozygous in both parents, while the
unaffected sibling was homozygous wild type at this position.
Sanger sequencing confirmed the CASP8 variant and familial
segregation. The CASP8 NM_033355 c.742C > T, p.R248W

variant was previously reported by Chun et al. for the two
originally described caspase-8 deficient patients [1]. Although
the family denied consanguinity, extensive pedigree analysis
revealed a paternal distant relationship to the original CED
patients, Single nucleotide polymorphism analysis of the ma-
ternally and the paternally inherited mutated CASP8 alleles
showed no differences between them, suggesting identity by
descent (not shown). The remaining 29 SNVs that were
inherited in an autosomal recessive manner were common
SNPs and/or predicted to be benign, except for a novel variant
detected in ZEB2 (ZEB2 NM_001171653 c.2048C > T
p.S683F; NM_014795 c.2120C > T, p.S707F). As ZEB2 mu-
tations are associated with Mowat-Wilson syndrome (OMIM
#235730), an autosomal dominant complex developmental
disorder that has no phenotypic overlap with the phenotypes
of the family members in this study, we concluded that this
variant was likely a non-functional, incidental finding.

Immunologic Defects

Similar to the previous patients carrying the same mutation on
CASP8, immunoblot analysis on protein lysates from Pt2
showed markedly diminished Caspase 8 expression
(Fig. 3a). Given the previously reported important role of
caspase-8 in T cell activation, we evaluated lymphocyte acti-
vation and proliferation in Pt2 and a healthy control individu-
al. Upon activation with anti-CD3 and anti-CD28 beads, the
patient cell’s showed diminished expression of the activation
marker CD25 (Fig. 3b, left panels). Addition of IL-2 partially
corrected the defect. Likewise, lymphocyte proliferation was

Fig. 1 Abdomen and lung CT scans findings in late-onset CED. Axial and coronal abdomen CT scans form Pt2 showing nodular hepatosplenomegaly,
a) pre and b) post high dose steroids treatment; c) axial and sagittal lung CT scans from Pt2, showing bilateral bronchiectasis (white arrows)
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almost abolished in the patient, as evaluated by CFSE dilution
(Fig. 3a, right panels). Supplementary IL-2 also partially re-
stored the proliferative capacity.

Evaluation of the patient’s T cells cytokine secretion capac-
ity revealed low production of IL-2, IL-6 and IL-10 upon T
cell activation but normal secretion of TNF-α A similar pat-
tern could also be demonstrated upon TLR stimulation

(Fig. 3c), showing a markedly diminished IL-10 secretion
after activation of several TLRs, while production of IL-6
and TNF-α was comparable to the normal control.

Because of the almost complete lack of B and NK cells in
Pt2, functional evaluation of these cells could not be per-
formed. Apoptosis studies were attempted twice, but failed
due to technical difficulties.

Fig. 2 Histopathological
findings in late-onset CED. a)
The Meckel’s cave mass biopsy
resected from Pt2 showed a
necrotizing granuloma (black
arrow); b) Bone marrow biopsy
from Pt2 showed CD3+/CD8+/
Perforin + T cell infiltrates,
CD20+ B cells (despite their
absence on peripheral blood), and
CD138+ plasma cells; c) Liver
histopathology slides from Pt2
demonstrated sinusoidal
lymphocytosis (white arrow) and
sinusoidal dilatation (black
arrow). Liver lymphocytic
infiltrates consisted mainly on
CD3+/ CD8+ T cells expressing
cytotoxic markers Perforin,
Granzyme-B, and TIA-1, as well
as proliferation marker Ki-67
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Fig. 3 Caspase-8 expression, lymphocyte proliferation and cytokine
production in late-onset CED WT, wild type healthy control; Pam,
Pam3CSK4, a TLR1 /TLR2 agonist; HKLM, heat-killed Listeria

monocytogenes, a TLR2 agonist; LPS, lipopolysaccharide, a TLR4
agonist; Flagellin, a TLR5 agonist; FSL, Pam2CGDPKHPKSF, a
TLR6/ TLR2 agonist; ODN, ODN2006 (type B), a TLR9 agonist
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Conclusions

Since its original description in 2002, no new cases of CED
have been reported [1]. Pediatric onset, recurrent herpes infec-
tions, mild hypogammaglobulinemia with poor antibody re-
sponses, inverted CD4/CD8 ratios, and apoptosis defects were
some of the hallmarks associated to CASP8 mutations in that
original report. The two new CED patients described in this
manuscript share some of the clinical features (e.g., viral in-
fection susceptibility), and the samemutation with the original
patients (to whom they are distantly related), but certainly
broaden the spectrum of clinical manifestations associated
with CED: adult onset, life-threatening end organ lymphocytic
infiltration (as shown on the CNS, liver, bone marrow, and
lungs tissues available and analyzed) and (severely) decreased
CD4, B and NK cells in peripheral blood, as detected in both
of our patients.

It is well known that clinical phenotypes on primary im-
munodeficiency diseases could vary widely even for patients
carrying genetic defects on the same gene. Patients with mu-
tations in WAS gene could present with different clinical phe-
notypes depending on the mutation type or the level of resid-
ual protein expression and function [9]. Moreover, siblings
with Cartilage-Hair Hypoplasia syndrome carrying identical
mutations in RMRP could also present with strikingly diverse
clinical manifestations, some with dwarfism an others with
normal height [10]. Interestingly, and although the clinical
manifestations displayed by these two new CED patients did
not match those reported on the original set of CED patients,
or even (young) targeted caspase-8 deficient mice, they do
strongly resemble the phenotype described on adult mice with
targeted caspase-8 deficiency [11–13].

Mice deficient in caspase-8 show embryonic lethality;
however, mice with a targeted caspase-8 mutation restricted
to the T cell or B cell lineages, are able to survive [11–13].
Interestingly, both the previously published as well as our
CED patients had severely diminished but not absent
Caspase-8 expression. Although speculative, this might sug-
gest that at least a minimal Caspase-8 protein expression and /
or function is required for surviving the embryonic stage in
humans. Mice with targeted T cell and B cell caspase-8 defi-
ciency present normal thymocyte development but a marked
decrease in peripheral blood T-cells. Besides, when chal-
lenged with the lymphocytic choriomeningitis virus (LCMV),
these animals showed a significantly impaired immune re-
sponse to the infection that included impaired CD8 cell ex-
pansion and an abrogated ability to generate virus-specific
CD8+ cytotoxic T-cells. While these features are described
in young mice, older mice develop a surprisingly different
phenotype characterized by a lethal lymphoproliferative and
lymphoinfiltrative immune disorder presenting with
lymphoadenopathy, splenomegaly, and end-organ infiltration
by T cells (lung, liver and kidneys) showing up-regulated

activation markers and increased proliferation rates even in
the absence of any infection or stimulation [2, 11]. Moreover,
failure to express caspase-8 on dendritic cells leads to an
enhanced intrinsic activation and, subsequently, more mature
and auto-reactive lymphocytes [14]. On the other hand,
mice lacking expression of caspase-8 on B cells also
have an age-dependent phenotype. Although B cells in
these animals showed no developmental defects early on
life, they presented with attenuated antibody production
upon in vivo and ex vivo stimulation, and diminished B
cell survival due to increased apoptosis in response to
Toll-like receptor 3 and 4 stimulation [12, 13]. During
long term follow up these mice also developed massive
splenomegaly and lymphadenopathy, as well as infiltrat-
ing tumors resembling human multiple myeloma. More-
over, caspase-8 expression in B cells was essential to
maintain B cell cytokinesis and prevent B cell lymphoma-
genesis [15].

Interestingly, our immunologic results suggest that
CASP8 mutations not only impair adequate TCR and TLR
signaling as previously described, but also skew the immune
responses towards a pro-inflammatory pattern, which may
explain the abundant formation of T cell infiltrates seen in
these patients. However, these data (and also some of the
clinical manifestations in our patients) should be cautiously
interpreted: when evaluated at NIH, Pt2 was under strong
immunosuppressive therapy that likely affected his quantita-
tive and functional immunologic studies. The fact that de-
spite this immunosuppressive therapy, i) some of the tests
performed were normal while others were abnormal and
correlated with previously reported defects in CED (e.g.,
poor T cell activation and IL-2 secretion, as well as poor
NFkB signaling [1, 2]), ii) another restricted set of tests
demonstrated an abnormal balance between inflammatory
vs. anti-inflammatory cytokines, and iii) these results corre-
lated with and partially explained his clinical phenotype,
suggest (although do not confirm) they are likely related to
his underlying condition (CED) and not simply based on the
immunosuppressive therapy.

The description of two new CED patients with new clinical
manifestations diagnosed through a WES approach, warrants
the search for CASP8 mutations in patients with similar phe-
notypes (e.g., adult onset CVID with granulomatous disease,
sarcoidosis, ALPS-like lymphoproliferative disorders, or even
the recently described CTLA4 haploinsufficient patients [16]),
and also highlights the utility of WES on detecting new clin-
ical phenotypes associated to known genetic disorders.
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