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A novel homozygous mutation in ClITA resulting in
MHC Class Il deficiency in an adult patient

Jane Hsieh®*, Amarilla Mandola®, and Stephen D. Betschel®

ABSTRACT

Introduction: Major histocompatibility (MHC) class |l deficiency is a rare autosomal recessive primary immuno-
deficiency with fewer than 200 patients reported worldwide. Patients usually present within their first year of life
with severe and recurrent infections, failure to thrive, and chronic diarrhea. The disorder is caused by absent or
reduced MHC class Il expression on cell surfaces, leading to defective cellular and humoral immune responses.
The disease is associated with a poor prognosis, with most patients dying in early childhood due to infectious
complications.

Aim: To report the clinical, immunological, and genetic features of an adult patient with MHC class |l deficiency
who did not undergo hematopoietic stem cell transplant (HSCT). We also explore proposed theories as to why
some patients with MHC class Il deficiency survive to adulthood, beyond the typical life expectancy.

Results: We present a 23-year-old gentleman who was diagnosed with MHC class Il deficiency at the age of
6 months based on a near complete absence of Human Leukocyte Antigen - DR isotype on peripheral blood
mononuclear cells and CD4+ lymphopenia. He is one of a few patients with the condition reported in the literature
to have survived to adulthood despite not having undergone HSCT. Next generation sequencing revealed a novel
homozygous mutation in the CIITA gene, 1 of 4 genes involved in the regulation of MHC class Il transcription.

Discussion: MHC class |l deficiency is considered a single entity phenotypic condition where the main problem
lies in reduced or absent MHC class Il expression and results in downstream immunologic effects, including
CD4+ lymphopenia and impaired antigen specific responses. However, phenotypic differences between patients
are emerging as more cases are described in the literature. Our patient, now 23 years old, has survived signifi-
cantly beyond life expectancy despite not having HSCT.

Statement of novelty: We describe a case of an adult patient diagnosed with MHC class Il deficiency due to a
novel homozygous intronic splice site variant in the C//ITA gene.

Background

Major histocompatibility (MHC) class II deficiency is
a rare autosomal recessive primary immunodeficiency
with fewer than 200 patients reported worldwide
(Ben-Mustapha et al. 2013). Most of these reported
cases have been observed in North African populations,
although some cases have been observed in other popu-
lations, especially in those of high consanguinity

(Villard et al. 2001; Ouederni et al. 2011; Aluri et al.
2018). Patients usually present within the first year of
life with severe and recurrent infections, failure to
thrive, and chronic diarrhea.

The disorder is caused by absent or reduced MHC
class II expression on cell surfaces. The lack of MHC
class II leads to defective antigen presentation, thereby
leading to impaired CD4+ T-cell development and
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activation, and impaired T-helper cell-dependent anti-
body production by B cells. Ultimately, both cellular
and humoral immune responses to foreign antigens
are affected.

The defect is not in the MHC class II genes them-
selves but rather in any one of the 4 regulatory genes
involved in MHC class II gene transcription: CIITA
(class II transactivator), RFEXANK (regulatory factor X
associated ankyrin containing protein), RFX5 (regula-
tory factor X 5) and RFXAP (regulatory factor X associ-
ated protein) (Villard et al. 2001; Hanna and Etzioni
2014). Mutations in these regulator genes are respec-
tively classified into what are known as complementa-
tion groups A, B, C, D (Villard et al. 2001; Hanna and
Etzioni 2014).

Due to the lack of antigen-specific immune
responses, patients with MHC class II deficiency are
susceptible to severe and recurrent fungal, bacterial,
viral and protozoal infections, primarily affecting the
respiratory and gastrointestinal tracts (Villard et al.
2001; Hanna and Etzioni 2014). Because the MHC
class IT molecule plays a critical role in negative thymic
selection of CD4+ T-cells, MHC class II deficiency is
also associated with a higher risk of autoimmunity
manifesting as autoimmune cytopenias and sclerosing
cholangitis (Hanna and Etzioni 2014). The disease
is associated with a poor prognosis, with most
patients dying in early childhood due to infectious
complications.

Hematopoietic stem cell transplant (HSCT) is the
only therapeutic option for cure, but its success rate is
lower than in other primary immunodeficiencies even
when an HLA-matched donor is available (Klein et al.
1995; Renella et al. 2006).

There are few reports of patients surviving until
adulthood without HSCT (Quan et al. 1999;
Wiszniewski et al. 2001; Prod’homme et al. 2003;
Ouederni et al. 2011). We report on the experience of
a now 23-year-old male patient of Palestinian descent
with MHC class II deficiency who was treated in
Canada and did not undergo hematopoietic stem cell
transplant. Genetic analysis revealed a novel homozy-
gous mutation in the CIITA gene. We also review the
literature for other adults with the condition and theo-
ries as to why some patients may have a longer survival
than others.

Case presentation

We present patient DH, now a 23-year-old gentleman
who was diagnosed with MHC class II deficiency at the
age of 6 months, when he was hospitalized with bilateral
interstitial pneumonia presumed to be Pneumocystis
jiroveci pneumonia. The family history was notable for
consanguineous parents of Palestinian descent. The
diagnosis was made based on a near complete absence
of Human Leukocyte Antigen - DR isotype (HLA-DR)
on peripheral blood mononuclear cells, and CD4+ lym-
phopenia. His family chose not to perform hematopoi-
etic stem cell transplant because his biological sister
and cousin, both affected with the same disorder, had
died after transplantation. To prevent infections, he
was started on monthly infusions of IVIG and antibiot-
ics for prophylaxis against P. jiroveci pneumonia.

Concerns since infancy have been failure to thrive,
malabsorption, and chronic diarrhea of unclear cause.
The patient required a gastric tube for supplementary
nutrition at around age 9 until age 20 when the gastric
tube was removed at his request. However, dysphagia
from increasingly difficult-to-treat oral and esophageal
candidiasis made it challenging for him to maintain
adequate oral intake. The gastric tube was reinserted
after a drop in weight from a highest of 40 kg down
to 34 kg.

In terms of infections, in childhood, DH had
recurrent ear infections and recurrent gastrointestinal
infections with Clostridium difficile, Giardia intestinalis,
and rotavirus. He was frequently hospitalized for febrile
neutropenia and pneumonias caused by Coronavirus,
Rhinovirus and Pseudomonas pneumoniae. By age 8,
he developed bronchiectasis. As mentioned, he contin-
ues to have chronic and persistent oral and esophageal
candidiasis with Candida glabrata and Candida
albicans, which has been difficult to treat due to drug
resistance. Up to age 20, his infections responded well
to oral and parenteral antibiotics and required only
short admissions to hospital.

Over the past year, his health has deteriorated with
nearly monthly admissions to hospital for recurrent
pneumonias, episodes of febrile neutropenia, and
autoimmune hemolytic anemia requiring blood
transfusions. He has had recent lung colonization with
P. aeruginosa. Recently, he has had a trend of increas-
ingly elevated liver enzymes in a cholestatic pattern and
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Table 1: Immunologic investigations.
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7 mo of age 7yold 15y old 23 yold
Lymphocytes (cells/ pL)
Total CD3 1328 1049 656 619
CD4 206 (low) 151 (low) 98 (low) 126 (low)
CD8 1026 779 482 450
CD19+ 3361 864 568 242
CD3-/CD56+16+ 226 149 89 81
MHC Il expression (cells/pL)
CD19+/HLA-DR+ 0.2% (low)* ND ND ND
CD45+/HLA-DR+ 0.2% (low)* ND ND ND
CD20+/HLA-DR+ ND 0.1% (2) ND ND
CD3-/HLA-DR ND 0.1% (2) ND 0%
CD3+/HLA-DR+ ND 0 % (0) ND 0%
Total HLA DR ND 0.1% (2) 1 0%
PHA (N>400) — — — 1040 (Ctrl:1699)
Immunoglobulins (g/L)
[e]€ — — 11.9** 9**
IgM — — 1.9 * 1**
IgA — — 4.12* 0.1**

*Cell count was not reported.
**While the patient was on IVIG.

hepatomegaly, causing concerns of progressive hepatic
dysfunction. Our work-up has not yet been able to eluci-
date the cause of his liver dysfunction, though
Cryptosporidium infection and sclerosing cholangitis is
often implicated as a cause of progressive liver dysfunc-
tion in other reported cases (Hanna and Etzioni 2014).

Immunologic findings for our patient are summa-
rized in Table 1, which mainly shows CD4+ lymphope-
nia, and a profound deficit of HLA-DR expression on
lymphocytes.

He continues to be treated supportively with intra-
venous immunoglobulin (IVIG) therapy every 3 weeks,
trimethoprim-sulfamethoxazole for prophylaxis against
P. jiroveci pneumonia, and clotrimazole for recurrent
oral and esophageal candidiasis. Apart from his long
survival with this disorder without HSCT, his clinical
features and immunologic findings are consistent with
what is described in the literature.

Genetic evaluation

Sequence analysis (Primary Immunodeficiency Panel,
Blueprint Genetics) revealed a novel homozygous
intronic splice site variant in CIITA, resulting in
¢.3317+2dup. This mutation is predicted to weaken the
natural splice donor site leading to aberrant splicing as
well as skipping of exon 18.

Discussion

MHC class II deficiency is considered a single entity
phenotypic condition in that patients have reduced or
absent MHC class II expression, and patients generally
share some of the “classic”, expected downstream
immunologic and clinical consequences of this defect,
such as CD4+ lymphopenia, and impaired antigen spe-
cific responses. However, phenotypic differences
between patients are emerging as more cases are
described in the literature. For example, the condition
was originally described as a disease that can be lethal
in childhood, but there are reported cases of adults in
their twenties and thirties (see Table 2), including our
patient DH (Quan et al. 1999; Wiszniewski et al. 2001;
Towey and Kelly 2002; Prod’homme et al. 2003;
Ouederni et al. 2011). There are also reports of patients
who present with mild symptoms. These observations
have an important implication in that that there may
be factors at play in these patients that can prolong sur-
vival even without HSCT.

Several theories have been proposed to explain phe-
notypic differences such as longer survival and milder
disease course. One theory is that there is some degree
of residual activity of the mutant regulator protein. For
example, in a report by Wiszniewski et al. (2001),
3 sisters, the Sa sisters, with mild/asymptomatic disease
with a homozygous missense mutation in CIITA were
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Table 2: Reports of adults with MHC class Il deficiency who did not undergo hematopoietic stem cell transplant.

Age of Age at last
Patient diagnosis reported
Reference identifier Gender Ethnicity (y) follow-up Mutation Clinical features Immunologic features Treatment Other notes
Ouederni etal.  Patient #6 M Algerian 5 32 Complementation group B: Protracted diarrhea Not available IVIG, antibiotics for PJP Reported to have a
2011 753delG-25, a 26-bp deletion  ENT infections prophylaxis Karnofsky
in the RFXANK gene Recurrent pneumonias Performance Scale
Failure to thrive Index of 90%.
Progressive liver disease
Autoimmune cytopenia
Patient #14 M Algerian 2 23 Complementation group B: Protracted diarrhea Not available IVIG, antibiotics for PJP Reported to have a
753delG-25, a 26-bp deletion  ENT infections prophylaxis Karnofsky
in the RFXANK gene Pneumonia Performance Scale
Failure to thrive Index of 80%
Progressive liver dysfunction
Prod’homme SM F Jewish- 20 (with symptoms 29 Complementation group B: Recurrent pneumonias Initial immunoglobulins were IVIG, total parenteral Was not followed for
et al. 2003 Egyptian starting at 18 mo IVS4+5G>A mutation, Failure to thrive normal but waned overtime, nutrition 13y and from ages
that were initially Splicing defect in RFXANK COPD presence of antibodies to polio 23-29 was free of
unexplained) leading to a truncated protein Chronic diarrhea and measles and mumps. CD4 infections while on
Gl infections: Giardia, lymphopenia viG
campylobacter, Salmonella
Iron deficiency
Malabsorption
Wiszniewski SaE F Greek 15 24 All 3 patients are sisters with the Healthy, several episodes of Normal immunoglobulins, CD3, No treatment; antibiotics in  —
et al. 2001 same mutation in gastroenteritis in infancy, 2 CD4, CD8, CD19, CD20, NK childhood
complementation group A: episodes of pneumonia in cell counts. Serum Abs to S.
mutation in the CIITA gene childhood pneumoniae & H. influenzae
with a L469P substitution detected. Normal PHA
SaM F Greek 12 21 Septicemia (age 3) Mild CD4+ lymphopenia. Normal IVIG from age 10 to 15, —
Pneumonia (age 5) CD3, CD8, CD19, CD20 & NK occasional antibiotics
Recurrent respiratory infections cell counts. Normal IgG, low
since age 9 IgM, low IgA. Absent Ab to S.
Asymptomatic for 3 y up to last pneumoniae, H:infiuenzae &
reported follow-up Candida. Normal PHA
SaA F Greek 11 22 Recurrent respiratory infections  Normal CD3, CD4, CD8, CD19, IVIG —
Bronchiectasis CD20, NK cells. Low IgG, IgA.
Recurrent HSV infections Normal IgM. Normal PHA
Hepatosplenomegaly
Lymphadenopathy
Atrial Septal Defect
Short stature
Quan et al. Fern M Not reported 27 33 (died) Complementation group A: Recurrent bacterial infections Not reported Not reported Became symptomatic
1999; Towey single aa substitution (details and other clinical in his 30s and
and Kelly (phenylalanine to serine features not reported) succumbed to
2002 substitution), located at multiple bacterial
position 962 within the infections
carboxy terminal region of
CIITA, that correlated with
lack of class Il gene
transcription, lack of CITA
translocation in the nucleus
Hsieh et al. DH M Palestinian 6 mo 23 Complementation group A: Failure to thrive, chronic CD4 lymphopenia, IVIG, antibiotics for PJP Karnofsky
current article homozygous for CIITA diarrhea, esophageal and oral hypogammaglobulinemia prophylaxis, clotrimazole Performance Scale
mutation (splice donor variant candidiasis, recurrent for oral and esophageal Index of 60%.

¢.3317+2 dup)

pneumonias with
bronchiectasis, hepatic
dysfunction, autoimmune
cytopenias, episodes of
febrile neutropenia

candiasis, gastric tube
for supplementary
nutrition
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found to have faint expression of HLA-DP, -DR, and
-DQ on B cells and monocytes, leading one to speculate
that there may be some residual functional activity in
the mutated CIITA gene (Wiszniewski et al. 2001).
When the mutant gene was transfected in a CIITA-
deficient cell line, HLA-DR expression was restored in
30% of cells (Wiszniewski et al. 2001). Interestingly,
they also found that the mutated protein is able to
translocate into the nucleus whereas other known
CIITA mutated proteins cannot (Wiszniewski et al.
2001). As was reported on the Sa sisters, our patient,
DH, did not have complete absence of MHC class II
molecules. Instead, he had near absent, but detectable
expression of HLA-DR on 0.1% of T and B cells mean-
ing there could be residual activity of the defective
CIITA regulator protein. We will need to follow-up with
functional analyses of DH’s mutation to explore how
this defective regulatory protein behaves. But, if indeed
the mutation that DH has leads to a defective regulatory
protein with partial activity, it could be one explanation
as to why his sister, who presumably had the same
mutation, may have died from complications with
HSCT. Engraftment failure due to residual adaptive
immunity has been cited as one of the major reasons
why HSCT in this population has had only limited
success in the past (Klein et al. 1995; Renella et al.
2006; Gennery et al. 2010).

There may be other factor(s) apart from residual
activity that explains the differences in immunologic
phenotype that we have yet to explain. Ouederni et al.
(2011) reported on 35 patients of North African descent
with the same genetic mutation, a homozygous
I5E6-25 15E6 +1 deletion in RFXANK. It is a mutation
seen in approximately 70% of patients with MHC class
IT deficiency and was traced to an ancestor belonging
to the Berber civilization who lived 2250 years ago
(Ouederni et al. 2011). Despite having the same genetic
mutation, there was wide variability in their pheno-
types. For example, while many patients had died in
childhood due to infectious complications or from com-
plications after HSCT, 4 of 12 patients who did not
undergo HSCT had reached puberty, and of these
4 patients, only 1 patient displayed residual MHC
class II expression on B cells (Ouederni et al. 2011).
For the other 3 patients, is unclear what factors would
have influenced their survival.

Another theory that has not been well explored is
the possible presence of immune compensatory

mechanisms that make up for the loss of MHC
class II expression, for example upregulation of
MHC I or innate immunity (Prod’homme et al.
2003). Furthermore, there could be external
factors such access to medical care, hygienic practices,
social support, and other environmental factors
(Prod’homme et al. 2003; Ouederni et al. 2011).

In summary, we present a case of a 23-year-old
gentleman with MHC class II deficiency with a novel
¢.3317+2dup homozygous CIITA mutation. Based on
a review of the literature, there are other cases of
MHC class II deficient patients who survive into
adulthood, significantly beyond the expected life
expectancy even without HSCT. We can only conjec-
ture why there is this variability in immunologic
phenotype given the small number of patients
reported in the literature, but there are likely to be
undefined factors that have a major impact on the
severity and course of the disease.
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