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ABSTRACT

Herein we described a retrospective analysis of a
13-year-old female patient with facial dysmorphia
and immune disorder caused by BCL11B gene muta-
tion. The patient upon physical examination present-
ed a particular face (thin eyebrows, small mandible,
and widened eye distance), delayed language and
motordevelopment. Supplementary examination
showed expansion of CD8+, absence of type 2 Innate
Lymphoid Cells, increased IgG and altered distribution
of T cells. Genetic testing revealed a heterozygous
frameshift variation in exon 4 of the BCL11B gene;
€.1887_¢.1893delCGGCGGG (p.Gly630Glyfs*91).
Finally, a BCL11B gene mutation could lead to ab-
normal development of the nervous and immune
systems, therefore, it is necessary to consider this
syndrome in patients with the clinical and immuno-
logical phenotype described below.
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INTRODUCTION

The Chromatin Remodeling Complex Subunit
BCL11B is essential for the normal development
of the immune and central nervous system, par-
ticipating in processes of activation, differentia-
tion, cell apoptosis and working as a modulator
of early thymocyte development [1].

Currently, the scientific literature has few re-
ports on BCL11B germline variants, Punwani
et al. (2016) reported a male infant carrying a
nonsense mutation in BCL11B with severe de-
velopmental delay, absent corpus callosum, cra-
niofacial anomalies, and severe combined immu-
nodeficiency (SCID)[2], while Lessel et al. (2018)
reported 13 patients with distinct heterozygous
mutations in BCL11B, all exhibit intellectual dis-
ability, developmental delay, and impaired T-cell
development [3].

Finally, variants in BCL11B are associated with an
autosomal dominant pattern of inheritance with
immunodeficiency 49 (IMD49), describing a syn-
drome produced by a heterozygous mutation in
this gene. IMDA49 is related to severe combined
immunodeficiency and intellectual disability. In
the same manner is associated with Intellectual
developmental disorder with dysmorphic facies,
speech delay, and T-cell abnormalities [4].

CLINICAL CASE

A 13-year-old female patient, result of a twin
pregnancy, with no paternal history of consan-
guinity or autoimmune diseases had a history of
late independent ambulation (17 months), de-
lay in language development (single words at 41
months), abnormal psychomotor development
accompanied by dysmorphic facies, psoriasi-
form dermatitis with focal spongiosis, compat-
ible with subacute eczema, left lacrimal obstruc-
tion and primary VZV infection during childhood.

She was admitted at nine months due to vom-
iting, liquid stools and significant paleness.

A battery of laboratory tests was carried out
where normochromic-normocytic anemia was
observed, accompanied by consumption of hap-
toglobins, a positive direct Coombs test (IgG) and
positive irregular antibodies. Eventually, autoim-
mune hemolytic anemia (AHA) was diagnosed.
One month later, she was admitted to the emer-
gency room due to symptoms similar to the one
described previously, where a hemoglobin (Hb)
of 5.3mg/dl was found, which later dropped to
3.7mg/dl. These AHA episodes later recurred at
one year of life. Two years later, she was admit-
ted due to ecchymosis secondary to a viral iliness
and was diagnosed with idiopathic thrombocy-
topenic purpura (ITP). Finally, the diagnosis of
Evans syndrome was established, and the patient
remained under closed control until she was five
years old, when she again presented with ecchy-
mosis and petechial accompanied by platelets
<10,000/mm?3.

At six years of age, the patient was diagnosed
with hypothyroidism due to autoimmune thy-
roid diseases (AITD), short stature and preco-
cious puberty, for which replacement therapy
was started with Levothyroxine 75 mcg/day and
monthly administration of Decapeptyl 0.8 ml.
AITD was diagnosed due to positivity to thyroid
peroxidase antibodies (TPOAb), thyroglobulin
antibodies (TgAb) and thyroid stimulating hor-
mone receptor antibodies (TRAD).

At the age of nine, the patient was again admit-
ted due to petechial on the chest and extremi-
ties, accompanied by intermittent abdominal
pain, with the symptoms ceasing after adminis-
tration of immunosuppressive treatment.

During that year, the patient debuted with ve-
sicular and some bullous lesions grouped on
an erythematous base compatible with herpes
zoster, affecting several dermatomes from L2 to
L5. Initially treated with oral and topical medi-
cation, but due to lack of response, she was
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admitted for intravenous treatment with subse-
quent improvement.

Additionally, at 13, she was admitted with a
platelet count of 6,000 per ul and symptoms
similar to previous events. During this episode,
the patient was referred to the clinical immu-
nology team. The patient presented dysmor-
phic facial features on physical examination, in-
cluding myopathic facies, thin eyebrows, small
palpebral fissure, prominent nose, extended fil-
ter, thin upper lip, and abnormal dentition, with
a visible slowing of the verbal processing of in-
formation and difficulty in the development of
cognitive tasks (Table 1).

From an immunological point of view, an expan-
sion of CD8+ with an anergic/senescent pheno-
type (CD8+CD62L-CD45RA+), absence of type 2
Innate Lymphoid Cells (ILC), increased IgG, al-
tered distribution of T cells, low levels of NK cells
(Figure 1, Table 2) and anti-nuclear antibodies
(homogeneous pattern AC-1 ICAP 1/320) was ob-
served. Extractable nuclear antibodies (ENA) test

was performed obtaining positivity to anti-SSa/
Ro, more specifically for Ro52 cytoplasmatic
protein,antidsDNA, anti-histone or anti nucleo-
some antibody tests were not performed. Even
though the pathogenic role of the Ro antigen in
autoimmune disorders is not fully dilucidated [5]
it has been reported in few patients with auto-
immune thyroiditis [6].

Previous cytogenetic analysis revealed normal
female karyotype. Chromosomal array analysis
by comparative genomic hybridization (CGH)
was performed with negative result for patho-
genic copy number variations. Genomic DNA of
the proband, and both parents was extracted
from peripheral blood for genetic analysis.

Clinical whole exome sequencing (WES) was
achieved revealing a germline heterozygous de-
letion within exon 4 of the BCL11B gene. The
variation involved a deletion which consequent-
ly generated a frameshift mutationin the DNA
sequence and a premature stop codon, which
is expected to results in a truncated protein

Neurological
features

Abnormal
psychomotor
development

(Late independent
ambulation)

Delay in language
development

Slowing of the
verbal processing
of information

Difficulty in the
development
of cognitive tasks

Skin
disorders

Psoriasiform
dermatitis

Left lacrimal duct
obstruction

Primary infection
with varicella
zoster virus
with reactivation
later in life

Morphological
changes

Short stature
Myopathic facies
Thin eyebrows

Small palpebral

Autoimmune

Immunological

alteration findings
Expansion
Evan syndrome of CD8+ with
(Thrombocytopenia anergic/
and hemolytic senescent
anemia) phenotype

Autoimmune

Deficiency of

fissure thyroid disease | jnnate lymphoid
AITD
Prominent nose ( ) cells type 2
Thi i Positive Altered
in upper li .

PRErIP antinuclear distribution
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Low NK cells
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Table 2 Analytical results

Determination

Rank

Expanded lymphocyte subpopulations

CD3

CDh4

CD8

CD4/CD8
CD19
NK
Absolute number of lymphocytes

Absolute number CD3
Absolute CD4 number
Absolute number CD8
Absolute number CD19

Absolute number NK

[62.6-80.4%]
[32.6-51.5%]
[19-29%]
[1.21-2.64%]
[11.9-21%]
[4.3-16.2%]
[1340-3173 cells/ul]
[954-2332 cells/ul]
[610-1446 cells/ul]
[282-749 cells/ul]
[173-685 cells/ul]

[87-504 cells/ul]

Expanded memory T subpopulations

T Recent Thymic Migrants Cells
CD4 naive
CD4 TCM
CD4 TEM

CD4 TEMRA

[31-81%]

[37-97%]

[13-76%]
[0.49-25%]

[0-5.8%]
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190.38
~30.65
1 58.56
- 0.52
" 6.72
" 0.77
1 4498
T 4042
1379
12634
299

3.4

"9.26
" 21.32
22.93
154.71

1.05
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CD4 Regulatory T cells [4-20%] " 1.14
CDS8 naive [20-95%] ~5.99
CD8 TCM [0.42-18%] 0.91
CD8 TEM [4-100%] ~1.29
CD8 TEMRA [9-65%] T91.81
T Recent Thymic Migrants Cells Abs [150-1500 cells/ul] 374
CDA4 naive Abs [200-1700 cells/ul] 294
CD4 TCM Abs [120-740 cells/ul] 316
CD4 TEM Abs [5-210 cells/ul] T 754
CD4 TEMRA Abs [0-51 cells/ul] 14
CD4 Regulatory T cells Abs [33-190 cells/ul] ~ 16
CD8 naive Abs [78-640 cells/ul] 158
CD8 TCM Abs [16-810 cells/ul] 24
CD8 TEM Abs [16-810 cells/ul] “3.4
CD8 TEMRA Abs [35-420 cells/ul] 12418

Innate Lymphoid Cells (ILCs) subpopulation

ILC1 % 0.172
ILC2 % "0
ILC3 % 0.132

Absolute number, Abs. Terminally Differentiated Effector Memory T Cells, TEMRA. T helper cells, Th. Innate lymphoid
cells, ILCs. Central Memory T Cells, TCM. Effector memory T cells, TEM.

SN Used to illustrate levels of the different determination, low and high respectively.
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(NM_138576.3: ¢.1887_1893delCGGCGGG; p.
(Gly630Thrfs*91). The variant was absent from
the gnomAD databases and pathogenicity score
prediction software analysis disclosed that the
variant could be a disease causing variant. The
variant has been previously reported as patho-
genic in a 2-year-old boy and is described in the
ClinVar database as a pathogenic variant (ID
1275761) diagnosing Intellectual Developmental
Disorder with Speech Delay, Dysmorphic Facies,

and T-Cell Abnormalities [1]. PCR and Sanger
sequencing was finally applied to validate the
mutation and the pedigree analysis (Figure 2.A).
The results showed that the mutation in BCL11B
arose de novo, which was not observed in both
parents (Figure 2. B). This study was approved
by the Ethics Committee of the Marques de
Valdecilla University Hospital, and informed writ-
ten consent was obtained from the parents of
the patient.

Figure 1 Flow cytometry panel of peripheral blood mononuclear cells (PBMCs)
obtained from index case
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Graph 1.A, Panel for regulatory T cells (T reg), obtaining a total of 1.14% of CD4+CD25+CD27low cells.

Graph 1.B, Panel for subtypes of memory T cells (T men), obtaining a total of CD4+ (A) lymphocytes (purple) of 21.32%
naive T cells; 22.93% of central memory T cells (TCM); 54.71 of effector memory T cells (TEM) and 1.05% of recent thymic
migrating T cells (TEMRA). For CD8 (B) lymphocytes (blue), 5.99% of naive T cells; 0.91% of TCM; 1.29% of TEM and
91.81% of TEMRA.

Graph 1.C, Panel for B memory (B men), obtaining a total of 21.87% of naive B cells; 9.47% of unswitched B cells and
37.91 of switched B cells.

Graph 1.D, panel for innate lymphoid cells (ILCs), obtaining an absence of type 2 ILCs (EvILC2).
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A. Pedigree and mutation analysis of the family. Deletion arose de novo in heterozygosity in affected proband pointed

with an arrow.

B. Sanger sequencing showing that the index case (I1.1) carried a frameshift mutation (c.1887_1893delCGGCGGG), which
was not found in reference chromatogram observed in both parents (1.1 and 1.2).

DISCUSSION

Variants in BCL11B are associated with Intellec-
tual Developmental Disorder with Speech Delay,
Dysmorphic Facies, and T-Cell Abnormalities.
This syndrome is characterized by psychomo-
tor developmental delay, intellectual disability,
speech delay, autistic features, anxiety, and oth-
er behavioral abnormalities. Some of the cases
described in the literature usually present slight
delay in walking, with spasticity and abnormal
movements [7][8].

Other peculiarities of this disorder are dysmor-
phic characteristics, which include thin eyebrows,
small palpebral fissure, hypertelorism, epicanthal
folds, prominent nose, and dental anomalies.
Although this disorder is not an immunodefi-
ciency, frequent infections, allergies or asthma
have been observed [8].

From animmunological perspective, these pa-
tients may present an increase in eosinophils, al-
terations in the T cell compartment, a decrease
in type 2 ILCs and, in some cases, exaggerated
response of T helper 2 cells. Importantly, in our
case, we described low counts of NK cells with a
reshaping in the distribution of T cell. Alteration
levels in NK cell has been previously discussed
by Holmes TD et al (2021) [9]. This paper ex-
posed the possible role of BCL11b in driving the
differentiation of NK cells, finding that loss of
BCL11b could substantially impact the genera-
tion and durability of mouse and human adap-
tive NK cells, suggesting the role of this gene in
adaptive NK cell differentiation [9].

We also described variations in the percentage
and total number of T cell lymphocyte, finding
elevated absolute number of T cells lympho-
cyte, but more importantly, low levels of CD4+,
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CD8+ naive T cells, and regulatory T cells, resem-
bling data described by Yang, Sai et al (2020) [10].
This discrepancy of our results, with few clinical
cases reported in the literature, exposed the het-
erogeneity of this syndrome, and the function
of the gene. Admittedly, BCL11b deficient mice
show an arrest at the double negative stage of
the thymocyte development [11]. Surprisingly,
according to Lessel, Davor et al (2018), all ana-
lyzed individuals in their cohort (n=13) exhib-
ited a severe reduction of peripheral ILC2 and
impaired T cell development, but only two de-
scribed low T cell percentage [3].

The variant identified in heterozygosis it is a
loss-of-function variant that generates a pre-
mature stop codon that presumably causes the
loss of 175 amino acids of the normal protein,
thus being able to generate a non-functional
truncated protein [12].

Our study of the patient with a mutation in
BCL11B adds new data to the small group of
subjects reported with this pathology, thus con-
tributing to clinical advice and surveillance of
this group of patients.

LEARNING POINTS

e Mutation on BCL11B must be considered
when patients present a physical or immu-
nological phenotype similar to the one we
previously described.

¢ A heterozygous variant within exon 4, NM_
138576.3: ¢.1887_1893delCGGCGGG p. (Gly-
630Thrfs*91) of the BCL11B gene has been
currently described in the literature as a
plausible cause of this syndrome.

e A multidisciplinary approach to patients with
Intellectual Developmental Disorder with
Speech Delay, Dysmorphic Facies, And T-Cell
Abnormalities, including immunologists, he-
matologists, pediatricians, etc., is essential for
a comprehensive approach to this syndrome.
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