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Epstein-Barr virus-related tumors. Gastrointestinal (Gl) stenosis remains an underrecognized
but potentially life-threatening complication. We report a consanguineous Moroccan family
in which all three siblings with CARMIL2 deficiency developed early-onset, severe, and pro-
gressive Gl stenoses, including pyloric and esophageal involvement. The striking consistency
and severity of this phenotype within a single family highlight the clinical importance of early
recognition and timely intervention to prevent irreversible GI damage.

© 2026 Codon Publications. Published by Codon Publications.

Introduction dermatitis, inflammatory bowel disease (IBD), warts,

abscesses, chronic mucocutaneous candidiasis, and

CARMIL2 deficiency, caused by biallelic loss-of-function
mutations in the CARMIL2 gene, results in a combined
immunodeficiency characterized by recurrent infections,

Epstein-Barr virus (EBV)-associated smooth muscle tumors.'
Many studies have highlighted the critical role of
CARMIL2 in the development of memory B cells, regulatory
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T cells (Tregs) and natural killer (NK) cells.?* Moreover,
CARMIL2 is essential for the maturation of naive CD4* T
cells into memory T cells, as well as their differentiation
into T helper 1 (Th1), T helper 17 (Th17), and T follicular
helper (Tfh) subsets.*

Levy et al recently demonstrated that CD28 signaling
deficiency cannot explain all immunological and clinical
phenotype in patients with CARMIL2 deficiency.? Indeed,
patients with CD28 deficiency develop an exquisite suscep-
tibility to skin papillomavirus infection, but lack all other
salient clinical features of CARMIL2 deficiency.?® In addi-
tion, CD28 deficient patients have a mild excess of naive T
cells, and an important decrease of Tregs, but their other
leukocyte subsets are otherwise normal. These data, cou-
pled to the broad expression of CARMIL2 in lymphocytes,
suggest that CARMIL2 plays a key role beyond CD28 signal-
ing inside T cells, but also downstream unknown receptors
inside B cells and NK cells. One hypothesis is that CARMIL2
is crucial for PKC-dependent activation of NF-kB down-
stream CARD11.2 In line with such hypothesis, CARMIL2
deficient B cells fail to activate NF-kB-pathway upon IgM
activation, leading to impaired B cell responses and bacte-
rial respiratory infections in the patients(2,4). In addition,
impaired cytoskeleton organization probably contributes to
pathogenesis in CARMIL2 deficient individual.>®’

Since its initial description, CARMIL2 deficiency—also
referred to as RLTPR deficiency—has been increasingly
associated with gastrointestinal (Gl) manifestations, pre-
dominantly of inflammatory origin.® These include coli-
tis, Crohn’s disease-like phenotypes, Gl ulcerations, and
eosinophilic esophagitis, often leading to chronic diarrhea,
abdominal pain, malabsorption, and growth failure. In
some patients, prolonged inflammation may culminate in
fibrotic remodeling and Gl stenosis, frequently refractory
to medical therapy and requiring endoscopic or surgical
intervention.>®° To date, only a limited number of cases
of Gl strictures have been reported in association with
CARMIL2 deficiency,?®!" suggesting that this complication
remains underrecognized.

Materials and Methods
Ethics statement

This study was conducted in accordance with the princi-
ples of the Declaration of Helsinki. Approval was obtained
from the Ethics Committee of CHU Ibn Rochd, Casablanca,
Morocco. Written informed consent for participation and
publication was obtained from all patients and/or their
legal guardians.

Participants

Three affected siblings of Moroccan ancestry were
recruited from Pediatric Unit 1 at the Ibn Rochd University
Hospital Center. In addition, both parents and one unaf-
fected sister were enrolled for genetic segregation anal-
ysis. The diagnosis of affected individuals was based on
clinical presentation and confirmed by genetic analysis.

Genetic analysis

Genomic DNA was extracted from peripheral blood sam-
ples using standard procedures. Whole-exome sequenc-
ing (WES) was performed to identify causative variants.
Bioinformatic analysis focused on rare homozygous variants
consistent with an autosomal recessive inheritance pat-
tern.The homozygous CARMIL2 p.Leu372Arg variant was
identified in all three affected siblings. Segregation analy-
sis was performed by Sanger sequencing in available family
members. Both parents and the unaffected sister were het-
erozygous carriers, while all affected siblings were homo-
zygous, consistent with an autosomal recessive mode of
inheritance (Figure 1A).

Phenotypic analysis

Clinical records of the three affected siblings were retro-
spectively reviewed. Data collected included family and
medical history, clinical manifestations, hospitalizations,
and treatments. Phenotypic characterization focused on
immune-related features and other relevant clinical com-
plications associated with CARMIL2 deficiency.

Results

We report a consanguineous Moroccan family with three
affected siblings (Figure 1A): two surviving twin sisters and
a brother who died at 17 years due to respiratory compli-
cations. The first twin (Patient I.3) presented at 18 months
with a cytomegalovirus (CMV) respiratory infection com-
plicated by localized bronchiectasis and recurrent infec-
tions. She also exhibited toenail onychomycosis. At 2 years,
generalized psoriasiform lesions developed on the face,
trunk, and limbs (Figure 1B). Recurrent respiratory infec-
tions persisted throughout childhood, primarily caused by
CMV, Haemophilus influenzae, and Streptococcus pneu-
moniae. Gl manifestations included intermittent diarrhea,
infections, and recurrent oral thrush. At 8 years, she devel-
oped pyloric stenosis, presenting as persistent postprandial
vomiting and epigastric bloating. Radiographic evaluation
revealed severe gastric stasis and pyloric narrowing, and
she underwent a Ramstedt pyloromyotomy with complete
resolution of symptoms (Figure 1C). Laboratory findings
showed severe anemia, leukocytosis with lymphocytosis,
neutrophilia, monocytosis, thrombocytosis, and elevated
T and B lymphocyte counts (Table 1). Humoral assessment
revealed moderate hypogammaglobulinemia with slightly
elevated IgM and decreased IgA and IgG, while endocrine
evaluation showed reduced IGF-1 levels.

Her twin sister (Patient Il.4) exhibited a similar early
course, with CMV respiratory infection complicated by
localized bronchiectasis and recurrent infections, toenail
onychomycosis, and intermittent Gl symptoms. She devel-
oped mild erythroderma at 3 years, which was less severe
than her sister’s lesions. Pyloric stenosis occurred at 6
years and was surgically corrected, resulting in complete
resolution. Laboratory evaluation revealed anemia, nor-
mal total leukocyte and platelet counts, elevated T and B
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Figure 1

(A) Pedigree of the family. (B) One of the twins (Patient II.3) exhibited severe psoriasis involving the entire body,

including the lower and upper limbs, face, trunk, and scalp. (C) Upper gastrointestinal contrast study of patient II.3, revealing

massive gastric stasis consistent with hypertrophic pyloric stenosis.

lymphocytes, and increased IgM, with normal IgA, 1gG, and
IgE (Table 1).

The twins initially received intravenous immunoglobu-
lin therapy; however, this treatment was poorly tolerated.
As a result, anti-infective prophylaxis with trimethoprim-
sulfamethoxazole was subsequently initiated (Table 2).

The male sibling (Patient I1.2) had a more severe course,
beginning in early childhood with failure to thrive, recur-
rent infections, and erythrodermic psoriasis. He developed
multifocal tuberculosis at 8 years and meningoencephalitis
at 9 years. Immunological assessment revealed iron-defi-
ciency anemia, leukocytosis with neutrophilia, thrombocy-
tosis, and elevated T lymphocytes, with preserved humoral
immunity (Table 1). At 16 years, he developed progressive
dysphagia due to esophageal stricture with associated
esophagitis and nodular pangastritis, partially relieved
by pneumatic dilation. Later, he presented with respira-
tory distress, decompensated cardiomyopathy, pulmonary
hypertension, and adrenal and renal masses suggestive of
catecholamine-producing tumors. Despite multidisciplinary
care, he died at 17 years from severe respiratory complica-
tions (Table 2).

Discussion

Although CARMIL2 deficiency is rare, Gl stenosis appears
to represent a clinically meaningful complication. Including
the present family, approximately 13% of reported CARMIL2-
deficient patients (12/89) have developed Gl stenoses,
underscoring the clinical relevance of this complication.?
Several studies have reported pathogenic CARMIL2
mutations associated with Gl stenoses. Lévy et al.
described six new cases from five families, all presenting

with Gl stenoses linked to CARMIL2 mutations. The vari-
ants included different mutation types: a synonymous
variant affecting splicing (c.1578C>T), a frameshift muta-
tion (c.1906_1907del; p.L636Afs39), a nonsense mutation
(c.790C>T; p.R264), a splice-site mutation (c.1226+1G>T),
and a missense mutation (c.1825G>A; p.D609N).% This het-
erogeneity suggests that diverse molecular alterations,
regardless of type, can converge toward a severe clinical
phenotype, particularly affecting the Gl tract.

For example, Magg et al. reported two pairs of Turkish
siblings carrying a homozygous frameshift deletion
(c.688_689delAG; p.S230Pfs*2). Immunological profiling of
one sibling revealed decreased regulatory T cells (Tregs),
central memory T cells (TCM), and effector memory T cells
(TEM), along with increased naive B cells and decreased
marginal zone B cells (BMZ) and switched memory B cells.
Both siblings developed pyloric stenosis in early life, requir-
ing surgical intervention.® Additionally, Alazami et al.’
reported a Saudi Arabian female with a frameshift mutation
(c.2536_2548del; p.Leu846Serfs), who developed esophageal
stenosis. Her immunological evaluation showed a significant
decrease in CD4* memory T cells and total memory T cells,
with elevated naive T cells. Marangi et al."° described an
Italian girl with a nonsense mutation (c.1109C>A; p.Ser370Ter)
who presented with esophageal stenosis, reduced Treg num-
bers, and diminished memory B cells, although Th1 and
Th17 subsets were within normal ranges. Sorte et al." also
reported a female patient with recurrent Gl stenoses carry-
ing a missense mutation (c.1808T>A; p.L603H).

The present report is distinctive for documenting a con-
sistent, severe stenotic phenotype affecting all affected
siblings within a single family.

According to the literature, CARMIL2 deficiency is
associated with a wide range of Gl manifestations, most
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Table 1 Hematological, immunological, and hormonal profiles of three siblings with CARMIL2 deficiency.
Parameter Patient 1.3 Patient 1.4 Patient 1.2 Normal range
Hematological parameters
Hemoglobin (Hb) 7.2 g/dL 7.7 g/dL 6.7 g/dL 12-14.5 g/dL
White blood cells 20,100/mm?3 8260/mm3 20,060/mm? 4500-11,000/mm?3
Absolute lymphocyte count (CBC) 8522/mm? 3580/mm?3 4193/mm? 2000-5000/mm?
Neutrophils 9548/mm?3 3890/mm? 14,483/mm? 2000-6000/mm?3
Eosinophils 643/mm?3 210/mm3 60/mm?3 100-600/mm?3
Basophils 40/mm?3 30/mm? 40/mm3 0-150/mm?
Monocytes 1347/mm? 550/mm? 1284/mm?3 200-800/mm?3
Platelets 827,000/mm3 349,000/mm? 821,000/mm? 160,000-450,000/mm?
Lymphocyte subsets (flow cytometry)
CD3* T cells 5553/mm3 6222/mm? 4074/mm? 500-1900/mm?
CD3* CD4* T cells 3108/mm?3 3095/mm?3 1292/mm3 300-1300/mm?3
CD3* CD8* T cells 2117/mm?3 2555/mm?3 1888/mm?3 200-1000/mm?3
CD19" B cells 1566/mm? 1314/mm3 546/mm3 80-490/mm?3
CD16* CD56" NK cells 807/mm3 434/mm3 248/mm? 60-495/mm?
Immunoglobulin profile
IgA 0.72 g/L 0.80 g/L 0.93 g/L 0.8-4.0 g/L
IsG 4.40 g/L 8.20 g/L 8.55 g/L 5.04-14.64 g/L
IgM 2.54 g/L 2.70 g/L 2.09 g/L 0.4-2.3 g/L
IsE <5 kUI/L <5 kUl/L <5 kUI/L <114 kUI/L
Hormonal profile
IGF-1 63.62 ng/mL 51.75 ng/mL - 80-244 ng/mL

Table 2 Clinical phenotype and outcomes of three siblings with CARMIL2 deficiency.

Patients Patient II.3

Patient 1.4

Patient 1.2

Age at onset of 18 months
first symptoms
Clinical

manifestations

Recurrent respiratory
infections, recurrent
gastrointestinal infections,
severe psoriasis,
onychomycosis, pyloric
stenosis

Antibiotics (amoxicillin,
trimethoprim-
sulfamethoxazole), antiviral
therapy (ganciclovir),
methotrexate, folic acid
Alive

stenosis
Treatment

Outcome Alive

18 months

Recurrent respiratory
infections, recurrent
gastrointestinal infections,
mild erythroderma,
onychomycosis, pyloric

Antibiotics (amoxicillin,
trimethoprim-
sulfamethoxazole), antiviral
therapy (ganciclovir)

2 years

Recurrent respiratory infections,
erythrodermic psoriasis, infected
radial fracture of the elbow, multifocal
tuberculosis, meningoencephalitis,
recurrent gastrointestinal infections,
onychomycosis, esophageal stenosis
Corticosteroids, intravenous antibiotics,
anti-tuberculosis therapy, empirical
antibiotic and antiviral therapy,
pneumatic dilation, diuretics, ACE
inhibitors, digoxin, antiplatelet therapy
Deceased

commonly IBD, chronic diarrhea, and recurrent abdominal
pain. Several patients have been diagnosed with Crohn’s
disease or have presented with severe inflammatory phe-
notypes, including pancolitis or colitis, as well as dyspha-
gia. Less frequent involvement of other segments of the
Gl tract has also been reported, such as gastritis, duode-
nitis, various forms of esophagitis, bloody diarrhea, and
eosinophilic gastroenteritis. Rare and atypical manifesta-
tions—including Candida esophagitis, necrotizing entero-
colitis, esophageal webs, celiac disease, or crypt abscess
formation—have also been described.' &%

In general, Gl stenosis may arise as a late complication
of chronic inflammatory disease, particularly in settings

characterized by persistent mucosal inflammation, recur-
rent ulceration, or prolonged tissue injury. Such processes
are known in other inflammatory GI disorders to result in
luminal narrowing through complex, heterogeneous mech-
anisms that may include edema, muscular hypertrophy, or
long-term tissue remodeling. However, the relative con-
tributions of these mechanisms vary across diseases and
remain incompletely understood.

In the context of CARMIL2 deficiency, several Gl man-
ifestations reported in the literature occur in inflamma-
tory settings, where stenosis can develop. Nevertheless,
the pathophysiological basis of stenosis formation in this
condition remains unclear. While repeated mucosal injury



Gastrointestinal stenosis

237

and chronic inflammation could, in theory, promote pro-
gressive tissue remodeling, there is currently no direct
evidence of fibrotic remodeling in patients with CARMIL2
deficiency.

In the affected siblings reported here, the severe Gl
stenoses are therefore most plausibly interpreted as a
consequence of long-standing inflammatory involvement
of the digestive tract. Histopathological confirmation
of fibrosis is not available, and imaging findings are non-
specific and do not permit direct assessment of fibrotic
changes. Accordingly, fibrosis cannot be inferred and is
mentioned only as a speculative hypothesis, based on the
clinical course rather than on objective pathological evi-
dence. This interpretation should be regarded as cautious
and hypothesis-generating, rather than mechanistically
conclusive.

CARMIL2 deficiency may predispose patients to severe
Gl complications as a consequence of persistent immune
dysregulation and chronic intestinal inflammation. From a
clinical perspective, this underscores the importance of
recognizing atypical or progressive digestive manifesta-
tions, considering early immunomodulatory strategies to
limit the progression toward stenotic disease, and promot-
ing collaborative multicenter efforts to refine management
approaches. Moreover, further investigation into the role
of CARMIL2 in intestinal barrier integrity could open new
avenues for targeted therapeutic interventions.

In conclusion, this report identifies severe Gl stenosis
as a clinically significant and likely underappreciated fea-
ture of CARMIL2 deficiency, particularly when observed
in a recurrent familial context. The consistent pattern
described here supports the need for proactive diagnostic
assessment and individualized management strategies to
mitigate long-term Gl morbidity.
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