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Primary immunodeficiency may present with treatment-refractory enteropathy. We
present two patients with celiac/celiac-like disease diagnosed in early childhood and
refractory to the gluten-free diet. One patient had features of multi-system autoimmunity,
whereas the other had celiac-like disease as an isolated clinical finding. Both patients
underwent genetic testing given disease refractoriness and were ultimately diagnosed
with cytotoxic T lymphocyte antigen 4 (CTLA4) haploinsufficiency. They are both now in
complete clinical and endoscopic remission on abatacept. CTLA4 haploinsufficiency has
incomplete penetrance and significant phenotypic heterogeneity but should be
considered in the differential diagnosis of refractory celiac/celiac-like disease, as
treatment implications are significant.

Keywords: CTLA4 haploinsufficiency, refractory celiac disease, celiac disease, primary immunodeficencies (PID),
abatacept, CTLA4 deficiency, autoimmunity, case report
INTRODUCTION

Cytotoxic T lymphocyte antigen 4 (CTLA4) is a negative regulator of T cell–mediated immune
responses. CTLA4 competes with CD28 to bind CD80 and CD86, two co-stimulatory molecules on
the surface of antigen-presenting cells. CD28 is constitutively expressed on T cells and, upon
binding to CD80 and CD86, delivers a positive signal, which results in T cell activation. CTLA4, in
contrast, is primarily stored in intracellular vesicles and becomes upregulated in conventional T cells
in the activated state. When CTLA4 is expressed on the T cell surface, it binds to CD80 and CD86
with higher affinity than CD28 and functions (1) to inhibit the positive signal from CD28
interaction with CD80/CD86 and (2) to deliver an independent negative signal, limiting the
production of interleukin-2 (IL-2) and the proliferation and survival of T cells (1–5).

Heterozygous germline mutations in CTLA4 in humans are characterized by a clinical phenotype
with features of both autoimmunity and immunodeficiency, with increased risk for several
org July 2022 | Volume 13 | Article 8946481
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malignancies (4, 6). This autosomal dominant syndrome has
incomplete penetrance, with 67%–71% of mutation carriers
having a clinical disease (4, 6). Clinical manifestations reported
in a cohort of 133 CTLA4 insufficient subjects included
hypogammaglobulinemia, lymphoproliferation, autoimmune
cytopenias, respiratory, gastrointestinal, and neurologic
features. Gastrointestinal features, when present, most
commonly include diarrhea, autoimmune enteropathy,
inflammatory bowel disease, and atrophic gastritis (6). Here,
we present two novel cases of CTLA4 haploinsufficiency in
which celiac/celiac-like disease refractory to the gluten-free diet
(GFD) was the primary presenting feature prompting evaluation
for immunodeficiency. While celiac disease has previously been
reported in two patients with CTLA4 haploinsufficiency (6), this
is the first detailed report highlighting both this uncommon
clinical presentation and resolution of celiac-like enteropathy
with abatacept. These cases highlight the value in considering
genetic testing for primary immunodeficiencies in patients with
refractory celiac disease, especially in this era of rapidly
expanding knowledge of monogenic causes of disease and
targeted therapeutic approaches.
CASE REPORT

Patient 1
Patient 1 is a 23-year-old female who presented in early infancy with
diarrhea, not responsive to a trial of semi-elemental formula. She
was referred to gastroenterology at age 6 for persistent non-bloody
diarrhea with all growth parameters <5th percentile for age and had
laboratory and endoscopic evaluation consistent with celiac disease,
with tissue transglutaminase (TTG) IgA > 142 EU/ml, endomysial
antibody (EMA) 1:640 and esophagogastroduodenoscopy (EGD)
with absent duodenal villi grossly and with increased intraepithelial
Frontiers in Immunology | www.frontiersin.org 2
lymphocytes on histopathology. She was initiated on a strict GFD.
One year after her diagnosis, her TTG remained markedly elevated
despite strict adherence to the GFD and careful efforts by her family
and the medical team to identify possible sources of hidden gluten
exposure. Over the subsequent decade, her TTG IgA slowly trended
downward but remained positive (Figure 1), and she continued to
have diarrhea and secondary hypokalemia, iron deficiency anemia,
and poor growth, intermittently requiring hospitalization for
dehydration and electrolyte derangements in the setting of
diarrheal output sometimes exceeding 6 L per day. She had serial
EGDs and capsule endoscopies with atrophic mucosa, characterized
by shortened or absent villi and scalloping of folds, at times affecting
the mid and distal small bowel in addition to the duodenum.
Histopathology continued to show changes consistent with celiac
disease (Figure 2A). The colon was grossly and histologically
normal on multiple ileocolonoscopies. Stool cultures, including for
Salmonella and Campylobacter; stool microscopy, including for
Cryptosporidium and Giardia; and stool polymerase chain
reaction (PCR) for norovirus 1 and norovirus 2 were negative on
multiple occasions. She underwent various medication trials to
complement treatment with GFD, including budesonide, 6-
mercaptopurine (6MP), methotrexate, adalimumab, and
prednisone. She had partial symptomatic and endoscopic
improvement with 6MP, but use was limited by cytopenias. She
had a significant symptomatic response with adalimumab, but this
was subsequently discontinued after the development of drug-
induced lupus following the fifth dose. She had an excellent but
transient symptomatic response to prednisone.

While refractory celiac disease was patient 1’s primary
complaint over her course, she was also afflicted with multiple
other autoimmune processes, including Hashimoto’s thyroiditis
(diagnosed age 6), Addison’s disease (diagnosed age 8),
cytopenias (onset at age 8, prior to initiation of 6MP), and
mild scalp psoriasis and possible lichen sclerosis (diagnosed age
FIGURE 1 | Laboratory trend in patient 1. 6MP, 6-mercaptopurine; ADA, adalimumab; GFD, gluten-free diet; IVIg, intravenous immunoglobulin; MTX, methotrexate.
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16). She additionally had downtrending immunoglobulin levels
over time and by age 19 fulfilled the criteria for common variable
immunodeficiency (CVID) (7), based on low IgG (nadir 342 mg/
dl, normal range 639–1,344 mg/dl), low IgA (Figure 1), and
negative titers to varicella-zoster virus and mumps despite
complete vaccination. Immunologic evaluation was also
notable for low switched memory B cells (CD19+CD27+IgD−

1.40%, normal range 8.3%–27.8%) and low unswitched memory
B cells (CD19+CD27+IgD+ 4.90%, normal range 7.0%–23.8%).
Summary of relevant immunologic evaluation can be found in
Table 1. Research-based whole-exome sequencing was pursued
at this time and confirmed previously unreported heterozygous
CTLA4 mutation (c. 457 + 2T > C), suggestive of CTLA4
haploinsufficiency. Immunophenotyping by flow cytometry
confirmed diminished expression of CTLA4 on CD4+/Foxp3+/
CD45RA− memory regulatory T cells (Tregs) (Figure 3A;
Supplementary Methods). Assessment of CTLA4 expression
was determined to be optimal in the CD4+/Foxp3+/CD45RA−

compartment in prior literature (8).
Following confirmation of CTLA4 haploinsufficiency, the

patient was initiated on intravenous abatacept (CTLA4-Ig). Her
abatacept dose was uptitrated until she had complete resolution of
diarrhea to a final dose of 800 mg every 4 weeks. She was
simultaneously started on monthly intravenous immunoglobulin
(IVIg) for CVID. She has been asymptomatic from a
gastrointestinal standpoint with the resolution of cytopenias for
over 2 years on a combination of abatacept and IVIg. Soluble IL-2
receptor (i.e., CD25) levels, which were characteristically high at
the patient’s diagnosis of CTLA4 haploinsufficiency (9), were
monitored on abatacept and trended downward to normal
range. She has had one follow-up EGD and ileocolonoscopy,
which were grossly and histologically normal (Figure 2B). She
achieved normal adult height (36% ile) and a healthy body mass
index (21.3 kg/m2). Her co-morbid autoimmune diseases are well
controlled with levothyroxine, fludrocortisone, hydrocortisone,
and topical dermatologic therapies. She has never had significant
or life-threatening infections. A trial-off GFD was discussed with
the patient but, ultimately, she opted to continue.

Following the patient’s diagnosis of CTLA4 haploinsufficiency,
first-degree relatives were tested and it was confirmed that the
Frontiers in Immunology | www.frontiersin.org 3
disease-causing mutation was inherited from the patient’s father,
whose history is remarkable for melanoma, but without a personal
history of autoimmunity. Apart from this, the patient’s family
history is notable for a healthy mother and brother and a paternal
first cousin with type 1 diabetes mellitus.

Clinical characteristics of patient 1 are summarized
in Table 2.
Patient 2
Patient 2 is a 14-year-old female who initially presented with
diarrhea, vomiting, and failure to thrive before 1 year of age. She
was referred for gastroenterology consultation, and celiac
serologies and endoscopy were performed and reported to be
abnormal (results not available). She was diagnosed with celiac
disease and started on a GFD. She was asymptomatic on GFD
through age 12, although a retrospective review of her growth
revealed a decrease in height-for-age from 50th percentile to <3rd

percentile and a decrease in weight-for-age from 25th percentile
to <3rd percentile over that time. Weight loss acutely worsened at
age 12, when she developed chronic nausea, vomiting, and
abdominal pain in the setting of treatment for lung
coccidiomycosis associated with erythema nodosum. This
patient is from Central Valley, California, an endemic
coccidiomycosis region. Endoscopy and colonoscopy were
repeated at this time and demonstrated persistent villous
atrophy and increased intra-epithelial lymphocytes, suggestive
of celiac disease but with negative celiac serologies. She required
multiple admissions over the next 4 years for these symptoms
and ultimately had such profound weight loss that a nasogastric
tube was placed for initiation of formula feeding. Magnetic
resonance (MR)-enterography showed no bowel wall
thickening or features suggestive of inflammatory bowel
disease. Chronic infection with enteropathogens including
norovirus was excluded. During a disease flare, an EGD was
notable for stomach with diffuse inflammation, characterized by
friability, erythema, mucus plaques, and duodenum with diffuse
villous atrophy and scalloping. Histopathology showed moderate
to severe chronic active gastritis in the stomach and villous
FIGURE 2 | Histopathology findings in patient 1. (A) Duodenal mucosa with total villous atrophy, crypt hyperplasia, and patchy intraepithelial lymphocytosis,
suggestive of celiac disease. (B) Normal duodenal mucosa, two years into treatment with abatacept.
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TABLE 1 | Immunologic characteristics of patients at diagnosis of CTLA4 haploinsufficiency, prior to initiation of abatacept and IVIg#.

Patient 1 value [reference range] Patient 2 value [reference range]

Leukocytes (K cells/mL) 6.02 [5.52-9.29] 4.80 [4.00-11.00]
Neutrophils 3.65 [3.04-6.06] 3.9 [1.4-7.0]
Lymphocytes 1.18 [1.17-2.30] 0.99 [1.00-5.30]
T cells
CD3+, absolute (cells/mL) 933 [1,000-2,600] 815 [800-3,500]
CD3+/CD4+, absolute (cells/mL) 675 [530-1,500] 457 [400-2,100]
CD3+/CD8+, absolute (cells/mL) 204 [330-1,100] 288 [200-1,200]
CD4+/CD45RA+, absolute, naïve T cells (cells/mL) n/a 99 [no reference]
CD4+/CD45RO+, absolute, memory T cells (cells/mL) n/a 348 [no reference]
CD4+CD25+CD127low regulatory T cells (%) 11.1 [5.9-10.2] n/a
CD4+Foxp3+ regulatory T cells (%) n/a 10.48 [no reference]
Natural killer cells
CD3-/CD56+ or CD16+, absolute (cells/ml) 111 [70-480] n/a
CD3-/CD56+CD16+, absolute (cells/ml) n/a 50 [no reference]
B cells
CD19+, absolute (cells/mL) 130 [110-570] 139 [200-600]
CD19+CD27+IgD-, switched memory B cells (%) 1.40 [8.30-27.80] 2.3 [1.00-43.00]
CD19+CD27+IgD+, unswitched memory B cells 4.90 [7.00-23.80] 5.1 [2.00-28.00]
Immunoglobulin antibodies (mg/dL)
IgG 637 [639-1,344] 652 [717-1,463]
IgA 31 [70-312] 114 [51-220]
IgM 69 [40-240] 57 [59-220]
IgG1 367 [240-1118] n/a
IgG2 64 [124-549] n/a
IgG3 74 [21-134] n/a
IgG4 <1 [7-89] n/a
Soluble IL2 receptor 2977 [45-1105 unit/mL] 1496 [175.30 - 858.20 pg/mL]
Vaccination response
Haemophilus influenza type B (Polysaccharide Ribose Phosphate; ng/mL) <110 [>1,000] n/a
Diphtheria IgG (IU/mL) n/a 0.26 [Positive]
Tetanus IgG (IU/mL) 1.21 [0.15-7.00] 0.53 [Positive]
Pneumococcal polysaccharide (mcg/mL) Positive Negative
Pneumococcus Type 1, IgG 0.46 [>1.3] 4.9 [≥2.3]
Pneumococcus Type 2, IgG 0.94 [>1.3] 0.5 [≥1.0]
Pneumococcus Type 3, IgG 0.70 [>1.3] 1.4 [≥1.8]
Pneumococcus Type 4, IgG 1.26 [>1.3] 1.1 [≥0.6]
Pneumococcus Type 5, IgG 6.57 [>1.3] 1.7 [≥10.7]
Pneumococcus Type 6B, IgG 1.19 [>1.3] 4.6 [≥4.7]
Pneumococcus Type 7F, IgG 1.04 [>1.3] n/a
Pneumococcus Type 8, IgG 1.19 [>1.3] 2.7 [≥2.9]
Pneumococcus Type 9N, IgG 0.86 [>1.3] n/a
Pneumococcus Type 9V, IgG 0.18 [>1.3] 3.4 [≥2.6]
Pneumococcus Type 10A, IgG 6.20 [>1.3] 2.6 [≥2.9]
Pneumococcus Type 11A, IgG 0.87 [>1.3] <0.4 [≥2.4]
Pneumococcus Type 12F, IgG 2.16 [>1.3] <0.4 [≥0.6]
Pneumococcus Type 14, IgG 6.76 [>1.3] 0.5 [≥7.0]
Pneumococcus Type 15B, IgG 2.54 [>1.3] 0.8 [≥3.3]
Pneumococcus Type 17, IgG n/a 4.2 [≥17.8]
Pneumococcus Type 17F, IgG 5.64 [>1.3] n/a
Pneumococcus Type 18C, IgG 1.11 [>1.3] n/a
Pneumococcus Type 19A, IgG 15.29 [>1.3] 1.6 [≥17.1]
Pneumococcus Type 19F, IgG 6.36 [>1.3] 2.6 [≥15.0]
Pneumococcus Type 20, IgG 8.60 [>1.3] n/a
Pneumococcus Type 20F, IgG n/a 0.7 [≥1.3]
Pneumococcus Type 22F, IgG 2.28 [>1.3] 10.0 [≥7.2]
Pneumococcus Type 23F, IgG 0.66 [>1.3] 14.4 [≥8.0]
Pneumococcus Type 33F, IgG 2.06 [>1.3] <0.4 [≥1.7]
Celiac autoantibody titers
Tissue transglutaminase, IgA (U/mL) 0.4 [<6.9] <1.0 [<8.0]
Deaminated gliadin peptide, IgG (EU/mL) 4 [<19] <1.0 [<8.0]
Endomysial antibody, IgA (titer) n/a Negative
Frontiers in Immunology | www.frontiersin.org 4
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blunting, increased intraepithelial lymphocytes and lamina
propria expansion by a mixed inflammatory infiltrate in the
duodenum. Ileocolonoscopy was grossly normal, with histology
notable for increased intraepithelial lymphocytes in the ileum.
TTG IgA and EMA were negative. Human leukocyte antigen
(HLA) DQ2 and DQ8 were also negative.

Primary immunodeficiency gene panel testing Invitae, San
Francisco, USA was done to evaluate for monogenic causes of
autoimmune enteritis. A previously unreported de novo
heterozygous variant in CTLA4 in exon 1, c71_72del
(p.Leu24Profs*35) was identified, suggesting a diagnosis of
autosomal dominant CTLA4 haploinsufficiency. This sequence
change creates a premature translational stop signal in the CTLA4
gene. This is expected to result in an absent or disrupted protein
product and is predicted to be pathogenic. Immunophenotyping
by flow cytometry confirmed absent expression of CTLA4 on
Frontiers in Immunology | www.frontiersin.org 5
memory Tregs (Figure 3B). Immunological laboratories
demonstrated B cell lymphopenia (absolute CD19+ of 139/µl,
normal 200–600), decreased memory B cells (absolute
CD19 +CD27 + o f 9 . 6 / µ l , n o rma l 5 0– 2 0 0 ) , m i l d
hypogammaglobulinemia (IgG 580 mg/dl), and poor response to
polysaccharide pneumococcal vaccine; see Table 1. The patient
had no evidence of other autoimmune conditions, although
atrophic gastritis has been considered, given histologic findings
on EGD.

The patient was started on IVIg. Further immunosuppressive
treatment decisions for this patient were complicated given her
history of lung coccidiomycosis and continued residence in a
Coccidioides-endemic region. At the time of her referral, she was
no longer receiving antifungal therapy and did not have clinical
or radiographic evidence of infection. The presence of a common
heterozygous variant in PLCG2 (p.Arg268Trp), not routinely
A

B

FIGURE 3 | Reduced CTLA4 expression in unstimulated memory regulatory T cells (Tregs) in patients 1 and 2 compared to healthy controls. Flow cytometry data
gated on live/CD4+/Foxp3+. Representative expression of total CTLA4 in Tregs in patient 1 compared to healthy control (A) and patient 2 compared to healthy control
(B). Percentages shown in quadrants, with percentage CD45RA− (memory) Tregs expressing CTLA4 highlighted in red.
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reported in the diagnostic gene panel, was ruled out, as this
specific variant was found in five of 66 patients with
disseminated coccidiomycosis in one study (10). Ultimately,
treatment with weekly subcutaneous abatacept was initiated for
the treatment of celiac-like disease. Subcutaneous delivery was
initially chosen specifically for its hypothetic decreased risk for
infection compared with intravenous (unpublished). Soluble
IL2R levels rapidly decreased, but the patient continued to
have nausea, vomiting, and poor oral intake, prompting
transition to intravenous abatacept and addition of oral
budesonide. Patient 2 is now 6 months into abatacept
treatment at a dose of 10 mg/kg every 2 weeks. She has
tapered off budesonide. She is asymptomatic and her most
recent EGD was grossly and histologically normal for the first
time. During the treatment course, patient 2 has had an
intermittent recurrence of her erythema nodosum, confirmed
by skin biopsy. This prompted infectious evaluation, which
included negative peripheral blood dimorphic fungal PCR,
fungal cultures from skin and stomach biopsies negative for
coccidiomycosis, and negative chest X-ray. Notably, erythema
Frontiers in Immunology | www.frontiersin.org 6
nodosum has been reported in one other patient with CTLA4
haploinsufficiency during treatment with sirolimus (6).
DISCUSSION

To our knowledge, this is the first detailed report of CTLA4
haploinsufficiency presenting with refractory celiac-like disease as
the primary manifestation. These cases highlight the value of
keeping a high index of suspicion for CTLA4 haploinsufficiency
in patients with refractory celiac disease, especially when multiple
autoimmune diseases or a suggestive family history are present.
Importantly, case 2 highlights that CTLA4 haploinsufficiency can
mimic refractory celiac disease, even in the absence of other
features suggestive of immunodeficiency or autoimmunity.

Identification of CTLA4 haploinsufficiency has important
implications for therapeutics and cancer risk. From a
therapeutic standpoint, both cases are examples of life-
changing responses to abatacept, a fusion protein that binds to
CD80 and CD86 receptors on antigen-presenting cells (APCs),
TABLE 2 | Clinical characteristics of patients.

Patient 1 Patient 2

Sex Female Female
Race/ethnicity White Hispanic
Age at initial presentation <6 months <12 months
Features at initial
presentation

Chronic diarrhea, poor growth Chronic diarrhea, vomiting, poor growth

Endoscopic features Atrophic small bowel mucosa, with shortened
or absent villi and scalloping of folds

Stomach with diffuse inflammation, characterized by friability, erythema, and mucus
plaques. Duodenum with diffuse villous atrophy and scalloping.

Histologic features Duodenal mucosa with total villous atrophy,
crypt hyperplasia, and patchy intraepithelial
lymphocytosis

Duodenal mucosa with villous blunting, increased intraepithelial lymphocytes and lamina
propria expansion by a mixed inflammatory infiltrate. Stomach with moderate to severe
chronic active gastritis.

Age at diagnosis of CTLA4
haploinsufficiency

18.8 years 14.0 years

CTLA4 mutation c.457+2T>C De novo heterozygous variant in CTLA4 in exon 1, c71_72del (p.Leu24Profs*35)
Medical history - Celiac-like disease

- Hashimoto’s thyroiditis
- Addison’s disease
- Cytopenias
- Drug-induced lupus (adalimumab)
- Mild scalp psoriasis
- Lichen sclerosis

- Celiac-like disease
- Pulmonary coccidiomycosis
- Erythema nodosum
- Avoidant restrictive food intake disorder
- Depression

Family history - Father with CTLA4 haploinsufficiency and
melanoma.
- Paternal first cousin with type 1 diabetes
mellitus.

- Maternal grandmother with type 1 diabetes mellitus

Consanguinity None None
Treatments - GFD (NR)

- Budesonide (NR)
- 6-mercaptopurine (cytopenias)
- Methotrexate (NR)
- Adalimumab (drug-induced lupus)
- Prednisone (LOR)
- Abatacept (remission)
- IVIg

- GFD (NR)
- Budesonide (NR)
- Abatacept (remission)
- IVIg

Outcome Clinical and endoscopic remission on
abatacept

Clinical and endoscopic remission on abatacept

Follow-up period, since
diagnosis of CTLA4
haploinsufficiency

5.0 years 2.0 years
NR, non-response; LOR, loss of response; n/a, not available.
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blocking interactions with CD28 and thereby inhibiting T cell
activation. This precision medicine approach directly addresses
the mechanism by which CTLA4 haploinsufficiency results in
immune dysregulation. Abatacept is currently approved only for
use in rheumatoid arthritis (RA) and, notably, both patients 1
and 2 required higher dosing than is typically used in RA to
achieve a complete response. The largest report on therapeutic
approaches to CTLA4 haploinsufficiency, which includes 123
patients, comments on responses to systemic and topical
corticosteroids, abatacept, azathioprine, sirolimus, and tumor
necrosis factor-a inhibitors in the subset of 74 patients (60%)
with gastrointestinal involvement. Of these patients, nine of 74
used abatacept, and all nine had an initial clinical response,
although two ultimately discontinued abatacept after diarrhea
recurred. These nine patients notably used different dosing than
reported in our patients (subcutaneous weekly dosing versus
higher, less frequent intravenous dosing), and none of the nine
patients who used abatacept were reported to have presented
with celiac-like disease (11).

Hematopoietic stem cell transplant (HSCT) can be curative in
patients with CTLA4 haploinsufficiency but carries its own risks
and has not yet been indicated in the cases we present (4, 6, 11). In
the report on treatment outcomes in CTLA4 haploinsufficiency by
Egg et al, 18 patients underwent HSCT, of whom 13 were alive and
cured and five had died of complications of transplant or primary
disease at last follow-up (11). To our knowledge, there are no
reports to inform the continuation of GFD in patients with celiac-
like disease secondary to CTLA4 haploinsufficiency. Both patients
continue on GFD at this time. Patient 1 was offered the option of
discontinuing the GFD with monitoring for recurrence of
symptoms, based on the hypothesis that abatacept might
mitigate the immune dysregulation that propagates celiac
enteropathy; however, her preference was to continue the GFD.

The diagnosis of CTLA4 haploinsufficiency also carries
important implications for cancer risk, with increased risks for
several cancers, in particular Epstein Barr Virus (EBV)-
associated lymphoma and gastric adenocarcinoma. In a cohort
of 131 CTLA4 mutation carriers with phenotypic features, 17
(12.9%) had malignancies, including five with gastric
adenocarcinoma, with age at gastric adenocarcinoma diagnosis
ranging from 17 to 42 years (4). Currently, there are no
guidelines for surveillance EGDs in this population, so we have
continued EGDs in patient 1 at every 2 year intervals.

Beyond CTLA4 haploinsufficiency, the differential diagnosis in
patients presenting with refractory celiac/celiac-like disease can
include lipopolysaccharide-responsive and beige-like anchor
(LRBA) deficiency resulting from LRBA mutations and CVID
(12, 13). LRBA controls the lysosomal turnover of CTLA4 in T
cells, ultimately impacting surface expression of CTLA4. LRBA
deficiency thus overlaps phenotypically with CTLA4
haploinsufficiency, with shared features including enteropathy,
hypogammaglobulinemia, and autoimmune cytopenias. LRBA
deficiency has been reported in association with one case of
autoimmune gastritis responsive to abatacept (14) and in another
case of refractory celiac-like disease cured by HSCT (13).
Enteropathy is also a well-described feature of CVID, with
Frontiers in Immunology | www.frontiersin.org 7
chronic diarrhea being the most common gastrointestinal
manifestation. Endoscopic and histologic findings in the small
bowel can resemble celiac disease, with duodenal villous atrophy
and increased intraepithelial lymphocytes reported in 51% and 76%
respectively of a cohort of patients with CVID and gastrointestinal
symptoms, nearly all of whom underwent upper endoscopy (12).
Most often, these patients had negative celiac serologies, with only
three of 50 patients from this report positive for TTG, EMA, gliadin,
or reticulin autoantibodies. GFD was introduced in 12 of the CVID
patients with villous atrophy, with only two showing clinical
improvement, both of whom were interestingly negative for celiac
autoantibodies (12). Importantly, chronic infection with
enteropathogens, including norovirus, can trigger chronic
enteropathy with associated intestinal villous atrophy and
diarrhea in patients with CVID (15), so exclusion of infectious
etiologies of chronic diarrhea is a critical component of evaluation.

Collectively, these cases highlight the value of considering an
underlying immunodeficiency in patients with refractory celiac or
celiac-like disease. Celiac disease cannot be distinguished from
enteropathy secondary to CTLA4 deficiency solely by
histopathology and, therefore, genetic testing is essential to
identify this as an etiology of refractory celiac-like disease. Specific
circumstances in which genetic testing should be considered include
celiac disease refractory to the GFD, refractory celiac-like disease
with negative serologies, celiac/celiac-like disease in the setting of
multi-system autoimmunity, and celiac/celiac-like disease
associated with severe, atypical, or recurrent infections. Rapidly
increasing knowledge around monogenic etiologies of enteropathy
and expanding precision medicine approaches, such as abatacept
and HSCT, have tremendous potential to impact the quality of life
and burden of disease in patients who have traditionally been
treatment refractory.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.
ETHICS STATEMENT

Ethical review and approval was not required for the study on
human participants in accordance with the local legislation and
institutional requirements. Written informed consent to participate
in this study was provided by the participants’ legal guardian/next of
kin. Written informed consent was obtained from the individual(s),
and minor(s)’ legal guardian/next of kin, for the publication of any
potentially identifiable images or data included in this article.
AUTHOR CONTRIBUTIONS

LC cared for patient 1, wrote the manuscript, and prepared
figures. CS cared for patient 2 and wrote part of the manuscript.
July 2022 | Volume 13 | Article 894648

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Collen et al. CTLA4 Haploinsufficiency Mimicking Celiac Disease
BB performed immunophenotyping by flow cytometry. JG
prepared figures and reviewed the manuscript. EJ, DW, AL,
and NK contributed to patient identification and patient care and
reviewed the manuscript. YG and SS cared for patients and
reviewed and critically revised the work. All authors contributed
to the article and approved the submitted version.
FUNDING

LC is supported by the National Institute of Diabetes and
Digestive Kidney Diseases of the National Institutes of Health
under [award number T32 DK007477]. SS is supported by the
Frontiers in Immunology | www.frontiersin.org 8
National Institute of Diabetes and Digestive Kidney Diseases of
the National Institutes of Health under [award number
P30DK03485 and RC2DK122532], the Wolpow Family Chair
in IBD Treatment and Research, the Translational Investigator
Service at Boston Children’s Hospital, and the Children’s Rare
Disease Cohort (CRDC) Study.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fimmu.2022.894648/
full#supplementary-material
REFERENCES

1. Walker LS, Sansom DM. The Emerging Role of CTLA4 as a Cell-Extrinsic
Regulator of T Cell Responses. Nat Rev Immunol (2011) 11(12):852–63.
doi: 10.1038/nri3108

2. Schubert D, Bode C, Kenefeck R, Hou TZ, Wing JB, Kennedy A, et al.
Autosomal Dominant Immune Dysregulation Syndrome in Humans With
CTLA4 Mutations. Nat Med (2014) 20(12):1410–6. doi: 10.1038/nm.3746

3. Mitsuiki N, Schwab C, Grimbacher B. What did We Learn From CTLA-4
Insufficiency on the Human Immune System? Immunol Rev (2019) 287(1):33–
49. doi: 10.1111/imr.12721

4. Egg D, Schwab C, Gabrysch A, Arkwright PD, Cheesman E, Giulino-Roth, et al.
Increased Risk for Malignancies in 131 Affected CTLA4 Mutation Carriers.
Front Immunol (2018) 9:2012. doi: 10.3389/fimmu.2018.02012

5. Delves PJM, Seamus J, Burton DR, Roitt IM. Roitt's Essential Immunology.
Chichester, West Sussex: Hoboken [NJ]: Wiley & Sons (2018).

6. Schwab C, Gabrysch A, Olbrich P, Patino V, Warnatz K, Wolff D, et al.
Phenotype, Penetrance, and Treatment of 133 Cytotoxic T-Lymphocyte
Antigen 4-Insufficient Subjects. J Allergy Clin Immunol (2018) 142(6):1932–
46. doi: 10.1016/j.jaci.2018.02.055

7. Bonilla FA, Barlan I, Chapel H, Costa-Carvalho BT, Cunningham-Rundles C,
de la Morena MT, et al. International Consensus Document (ICON): Common
Variable Immunodeficiency Disorders. J Allergy Clin Immunol Pract (2016) 4
(1):38–59. doi: 10.1016/j.jaip.2015.07.025

8. Hou TZ, Verma N, Wanders J, Kennedy A, Soskic B, Janman D, et al.
Identifying Functional Defects in Patients With Immune Dysregulation Due
to LRBA and CTLA-4 Mutations. Blood. (2017) 129(11):1458–68. doi: 10.1182/
blood-2016-10-745174

9. Alroqi FJ, Charbonnier LM, Baris S, Kiykim A, Chou J, Platt CD, et al.
Exaggerated Follicular Helper T-Cell Responses in Patients With LRBA
Deficiency Caused by Failure of CTLA4-Mediated Regulation. J Allergy Clin
Immunol (2018) 141(3):1050–1059.e10. doi: 10.1016/j.jaci.2017.05.022

10. Hsu AP, Davis J, Chaput AL, Powell DA, Pouladi N, Lussier Y, et al. 42.
Common Population Variants Cause Susceptibility to Disseminated
Coccidioidomycosis. Open Forum Infect Diseases. (2020) 7(Supplement_1):
S22–3. doi: 10.1093/ofid/ofaa417.041

11. Egg D, Rump IC, Mitsuiki N, Rojas-Restrepo J, Maccari ME, Schwab C, et al.
Therapeutic Options for CTLA-4 Insufficiency. J Allergy Clin Immunol (2021)
149(2):743–6. doi: 10.1016/j.jaci.2021.04.039
12. Malamut G, Verkarre V, Suarez F, Viallard JF, Lascaux AS, Cosnes J, et al. The
Enteropathy Associated With Common Variable Immunodeficiency: The
Delineated Frontiers With Celiac Disease. Am J Gastroenterol (2010) 105
(10):2262–75. doi: 10.1038/ajg.2010.214

13. Sari S, Dogu F, Hwa V, Haskologlu S, Dauber A, Rosenfeld R, et al. A
Successful HSCT in a Girl With Novel LRBA Mutation With Refractory
Celiac Disease. J Clin Immunol (2016) 36(1):8–11. doi: 10.1007/s10875-015-
0220-y

14. Boz V, Valencic E, Girardelli M, Pin A, Gamez-Diaz L, Tommasini A, et al.
Case Report: Refractory Autoimmune Gastritis Responsive to Abatacept in
LRBA Deficiency. Front Immunol (2021) 12:619246. doi: 10.3389/
fimmu.2021.619246

15. Woodward J, Gkrania-Klotsas E, Kumararatne D. Chronic Norovirus
Infection and Common Variable Immunodeficiency. Clin Exp Immunol
(2017) 188(3):363–70. doi: 10.1111/cei.12884
Conflict of Interest: SS declares the following interests: scientific advisory board
participation for Pfizer, BMS, Lilly, IFM Therapeutics, Merck, and Pandion Inc;
grant support from Pfizer, Novartis, and Takeda; consulting for Hoffman La
Roche, Takeda, and Amgen.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Collen, Salgado, Bao, Janssen, Weir, Goldsmith, Leichtner, Sabery
Khavari, Gernez and Snapper. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
July 2022 | Volume 13 | Article 894648

https://www.frontiersin.org/articles/10.3389/fimmu.2022.894648/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2022.894648/full#supplementary-material
https://doi.org/10.1038/nri3108
https://doi.org/10.1038/nm.3746
https://doi.org/10.1111/imr.12721
https://doi.org/10.3389/fimmu.2018.02012
https://doi.org/10.1016/j.jaci.2018.02.055
https://doi.org/10.1016/j.jaip.2015.07.025
https://doi.org/10.1182/blood-2016-10-745174
https://doi.org/10.1182/blood-2016-10-745174
https://doi.org/10.1016/j.jaci.2017.05.022
https://doi.org/10.1093/ofid/ofaa417.041
https://doi.org/10.1016/j.jaci.2021.04.039
https://doi.org/10.1038/ajg.2010.214
https://doi.org/10.1007/s10875-015-0220-y
https://doi.org/10.1007/s10875-015-0220-y
https://doi.org/10.3389/fimmu.2021.619246
https://doi.org/10.3389/fimmu.2021.619246
https://doi.org/10.1111/cei.12884
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Cytotoxic T Lymphocyte Antigen 4 Haploinsufficiency Presenting As Refractory Celiac-Like Disease: Case Report
	Introduction
	Case report
	Patient 1
	Patient 2

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


