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Immunopathological diseases have traditionally been classified
as autoimmune/inflammatory, allergic, and primary immunode-
ficiency (PID) conditions. Different clinical disciplines have been
established along with these classifications resulting in artificial
separation of immune disorders in clinical practice and the
establishment of professional societies and journals focusing
on these seemingly different areas of clinical medicine.
Understanding better the genetics of human immunity and
immunopathology has changed our approach to such a classifi-
cation. Monogenic autoimmunity best exemplified by autoim-
mune polyendocrine syndrome type 1 (APS-1) and immune
dysregulation, polyendocrinopathy, enteropathy, and X-linked
(IPEX) has taught us how to re-evaluate previously existing dog-
mas. Discovery of various genetic errors of immunity has pro-
vided powerful insight into a better understanding of disease
mechanisms and tolerance to self and non-self. We describe here
a few monogenic primary T cell deficiencies as examples that
PIDs may actually underlie autoimmune diseases (Table 1).
APS-1 is a rare monogenic disorder caused by autosomal
recessive mutations in the autoimmune regulator (AIRE) gene
leading to dysregulation of central tolerance [1]. During differ-
entiation of immature lymphocytes in the thymus, central
tolerance develops by clonal deletion and inactivation of
self-reactive T cells. Most high-affinity T lymphocytes recogniz-
ing self-antigens are eliminated by negative selection.
Promotion of clonal deletion of self-reactive thymocytes is
achieved by ectopically expressed peripheral tissue antigens
(PTAs) by medullary epithelial cells. As a result, the T cell pool
of the adaptive immune system is rendered tolerant to the
body’s own constituents, which assures protection against
destructive autoimmune responses. AIRE is a major regulator
of thymus expression and presentation of PTAs and as such
controls tolerance of T cells and protection to autoimmunity.
APS-1 is characterized by chronic mucocutaneous candidiasis
(CMCQ), autoimmune endocrinopathies like hypoparathyreoid-
ism, Addison disease, hypothyreoidism, and insulin-dependent
diabetes mellitus [1]. APS-1 patients typically generate various
neutralizing autoantibodies against interferon (IFN)-02a, IFN-w,
IL-17A and IL-17F, and anti-IL-22 [1,2]. Anti-cytokine antibodies
are thought to interfere with host defense against candida,

predisposing patients to CMC. Thus, APS-1 is an inborn error of
immunity showing clearly that monogenic PIDs may result in
multi-organ autoimmune diseases. Incomplete APS-1, charac-
terized by heterozygous, dominant negative mutations affect-
ing the PHD1 zink-finger domain of AIRE, may also lead to
organ-specific autoimmune diseases [3]. In heterozygous
patients, autoimmunity presents later and progresses more
slowly than in patients with classical APS-1. The penetrance
in heterozygous cases is incomplete like in patients with het-
erozygous mutations of CTLA and FAS [3]. It is likely that many
patients with heterozygous AIRE mutations are diagnosed with
organ-specific autoimmune disease [3]. Future research should
reveal how modifier genes or environmental factors may be
accounted for by the incomplete penetrance in non-classical
APS-1 patients in particular and other autosomal dominant
PIDs in general.

IPEX is characterized by early onset diarrhea, autoim-
mune endocrinopathies, eczema, autoimmune thyreoiditis,
immune cytopenias, allergic diseases, and susceptibility to
infections [4]. IPEX is caused by loss-of-function mutation
in FOXP3. Functional defect of FOXP3, a forkhead/winged-
helix family transcriptional factor, results in decreased
expression of this protein in CD4+CD25+ regulatory
(Treg) cells which are highly enriched with suppressive
activity. The primary role of Treg cells is to control auto-
reactive immune responses, immune-mediated inflamma-
tion, and lymphoproliferative diseases. Treg differentiation
is promoted in the thymus (tTreg cells) by remarkable
affinity interactions with self-peptide-MHC complexes. On
the other hand, differentiation of inducible Treg cells
(iTreg) is promoted at the periphery by interaction with
non-self-antigens. Not surprisingly, the immunological con-
sequence of FOXP3 mutation is unchecked T-cell activation
because of the functional defect of CD4+CD25+ Treg cells
to maintain peripheral tolerance. Unrestrained reactivity of
T cells and the abundant secretion of Th1, Th2, and Th17
cytokines result in massive inflammation at body surfaces
in the gut, lung, and skin induced by the commensal flora
[4]. Phenotypic expression of IPEX is similar to that of CD25
deficiency [5] (Table 1).
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Table 1. Primary T cell immunodeficiencies (PTIDs) associated with autoimmune (Al) diseases.

PTID disease Gene mutated Inheritance Al disease manifestation Mechanistic explanation
APS-1 AIRE AR Endocrinopathies Impaired central tolerance
Anti-cytokine Ab; anti-NALP5
Organ-specific auto-Ab
IPEX FOXP3 XL Endocrinopathies Impaired peripheral tolerance
Enteropathy; atopic diseases
Immune cytopenias
CD25 deficiency IL2RA AR Enteropathy Impaired generation of iTreg cells
Eczema Impaired function of Treg cells
CTLA4 deficiency CTLA4 AD Lymphocytic infiltration of organs Impaired Treg function
Cytopenias
ALPS FAS* FASL, CASP10*  *AD, AR Cytopenias; Evans syndrome Impaired apoptosis of lymphocytes
Organ-specific autoantibodies
RAG deficiency RAGT, RAG2 AR Autoreactive T cells Impaired VDJ recombination
LRBA deficiency LRBA AR ITP, AIHA, LIP, atrophic gastritis Autophagy; susceptibility to apoptosis
PGMA3 deficiency PGMA3 AR Leukocytoclastic vasculitis, AIHA, CD8 lymphopenia
neutropenia, glomerulonephritis
Artemis deficiency DCLRET AR Cytopenia Impaired DNA double strand repair
DNA PKcs deficiency  PRKDC AR ANA positive arthritis Impaired VDJ recombination
ZAP-70 deficiency ZAP70 AR Nephrotic syndrome, CD8 lymphopenia
Bullous pemphigoid, anti-factor VIlI
TCRap deficiency TRAC AR ANA, IgA tissue transglutaminase Impaired T cell proliferation
Lack of TCRap+ cells
MST1 deficiency STK4 AR Cytopenias Restricted T cell repertoire
Impaired T cell proliferation
LCK deficiency LCK AR Retinal vasculitis Restricted T cell repertoire

Anti-platelet antibodies

CD4 lymphopenia; low Treg number Impaired TCR signaling

APS: autoimmune polyendocrine syndrome; AR: autosomal recessive; Ab: antibody; NALP: NACHT leucine-rich repeat protein; IPEX: immunodeficiency, polyendo-
crinopathy, enteropathy, X-linked; XL: X-linked; iTreg: inducible Treg; CTLA: cytotoxic T lymphocyte antigen; AD: autosomal dominant; ALPS: autoimmune
lymphoproliferative syndrome; RAG: recombinase activating gene; LRBA: lipopolysaccharide responsive beige-like anchor protein; ITP: immune thrombocytopenia;
AIHA: autoimmune hemolytic anemia; LIP: lymphocytic intersticial pneumonia; PGM: phosphoglutamase; DNA-PKcs: DNA-dependent protein kinase catalytic
subunit; ANA: anti-nuclear antibody; ZAP: zeta-associated protein; TCR: T cell receptor; MST: mammalian sterile 20-like kinase; LCK: T lymphocyte-specific SRC

thyrosine kinase.

Activation of cytotoxic T lymphocyte antigen 4 (CTLA4)
stimulates the suppressor function of Treg cells [6]. Such
activation occurs after binding of CTLA4 expressed by T cells
to B7 molecules expressed on the surface of antigen-present-
ing cells and help to maintain tolerance to self-antigen.
Patients with heterozygous mutation in the gene encoding
for CTLA4 suffer from severe autoimmune disease [6,7].
Patients typically develop uncontrolled infiltration by T and B
lymphocytes of various organs including the lungs, brain, and
gut, a clinical phenotype similar to that of autoimmune lym-
phoproliferative syndrome (ALPS).

The classical initial manifestation of ALPS is persistent,
benign, non-tender lymphadenopathy and hepatosplenome-
galy without severe infections or malignancy [8]. Non-Hodgkin
lymphoma may develop in 10-20% of patients. Homozygous
and compound heterozygous Fas receptor (CD95) mutations
were described as common genetic causes of ALPS in humans.
Mutations in genes encoding for the Fas-ligand (FasL, CD95L)
and caspases 10 may also cause ALPS, suggesting heterozy-
gous genetic basis of a unique clinical syndrome [8]. The
immunological findings in ALPS include increased number of
CD47CD8™ T cells, the production of autoantibodies including
anti-cardiolipin, anti-nuclear antibodies (ANA), anti-red blood
cell autoantibodies, and rheumatic factor. Autoimmunity in
patients with ALPS may affect several organs including the
eyes, kidneys, liver, joints, nerve system, and skin [9].

The inappropriate contraction of the immune response due
to impaired apoptosis of lymphoid cells may be the major
mechanism for autoimmunity in patients with ALPS. During
immune activation driven by high antigenic load, Fas-

mediated cell death is promoted by unregulated expression
of FasL on T cells triggering active apoptosis. Chronic antigen
presentation due to defective apoptosis of dendritic cells and
autoreactive B cells may contribute to humoral autoimmunity,
a prominent phenotype of ALPS.

Autosomal recessive recombinase-activating gene 1 and
2 (RAG 1/2) deficiencies are genetic disorders causing severe
combined immunodeficiency characterized by the T"B"NK*
immunological phenotype [10]. However, hypomorphic RAG
mutations also may result in variable phenotypes including
autoimmune diseases and common variable immunodefi-
ciency [11]. Patients with compound heterozygous RAG
mutations and CVID phenotype with autoimmune cytope-
nias have recently been reported [12]. Population genetic
analysis showed that the incidence of immunoregulatory
defect caused by RAG mutations may be higher than
thought before. In patients with RAG deficiency, the
mechanisms of autoimmunity, in general, and the genera-
tion of autoantibodies, in particular, may relate to impaired
development of the thymus resulting in decreased AIRE
expression and Treg differentiation (vide supra).

Lipopolysaccharide response beige-like anchor protein
(LRBA) deficiency has been described as a cause of PID
associated with autoimmunity in four consanguineous
family [13]. Affected individuals presented with typical clin-
ical manifestations of antibody deficiency, including recur-
rent bacterial infections of the respiratory tract.
Immunological findings in LRBA-deficient patients include
low IgG and IgA levels, and low or normal serum IgM
concentration (Table 1).



Phosphoglutamase 3 (PGM3) deficiency is a multi-systemic
disorder with developmental delay, seizures, ataxia and dysar-
thria, characteristic features of primary immunodeficiency, and
autoimmunity (Table 1) [14]. PGM3 deficiency is caused by
autosomal recessive, hypomorphic mutations in PGM3.
Immunological findings include CD8+ T cell lymphopenia,
decreased CD27+ B cell number and neutropenia.

In summary, several genetically defined primary T cell
deficiencies have been described to cause autoimmunity
(Table 1) [15-19]. Patients with primary B cell defects or
inborn errors of innate immunity (not discussed here) may
also develop autoimmune diseases. These Mendelian disor-
ders shed light on PIDs underlying immunological diseases
traditionally considered to be autoimmune. Further identifi-
cation of PID genes in patients with systemic or organ-
specific autoimmunity is expected to enlighten autoimmune
diseases as a result of monogenic inborn errors of immunity.
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