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Introduction

Complete TYK2 deficiency (IMMUNODEFICIENCY 35 OMIM (611521)) is a rare
disorder, inherited as an autosomal recessive (AR) trait, which has been previously described
in nine patients from seven unrelated kindreds (1-3). It was first reported in a Japanese
patient with mycobacterial and viral disease associated with hyper IgE syndrome (1). Later,
investigation of five more families with complete AR TYK2 deficiency showed that the
main clinical phenotype of the patients was mycobacterial and/or viral disease without hyper
IgE syndrome (2). In addition, another patient with some features of hyper IgE (eczema,
skin abscesses, respiratory infections and IgE levels >1000 IU/ml) and TYK2 deficiency was
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described (3). TYK2 is a member of the Janus kinase family (JAKZ, 2, 3, and TYK?2) that
plays a significant role in signaling receptors of group 1 and 2 of cytokines, namely IL-10,
IL-12, IL-23, and IFN-a./B. Briefly, attachment of the ligand to the cytokine receptor induces
conformational changes and activation of the JAKs kinases via phosphorylation. The JAKs
then phosphorylate the intracellular part of the receptor which create a docking site for the
signal transducer and activator of transcriptions (STATs) molecules. STATS are subsequently
phosphorylated and translocated to the nucleus to activate the transcription of target genes
(4). TYK2 protein is essential for mediating cytokine signaling and its defect will interfere
with IFN-a, IFN-B, IL-12, IL-23 and IL-10 pathways (4). Attachment of IL-12 to IL-12
receptor (IL-12RB1 and IL-12RB2) and IL-23 to IL-23R (IL-12RB1 and IL-23R) induce the
transcription of IFN-vy in the nucleus, which is crucial for anti-mycobacterial immunity (5).
IFN-a/p signals are also essential for transcription of various immune factors that help to
defend against viruses (6). As a result, patients with complete AR TYK2 deficiency suffered
from intracellular bacterial infections such as Mycobacterium, Salmonella, Brucella and
various viral infections like Herpes Simplex Virus (HSV) group (2, 6). This is referred to as
syndromic, opposed to isolated, Mendelian susceptibility to mycobacterial disease (MSMD)
(7). TYK2 has four main domains including 4.1, ezrin, radixin, moesin (FERM), SH2-like,
pseudokinase and kinase. Patients with complete AR TYK?2 deficiency display deleterious
loss-of-function (LOF) mutations in the FERM (S50Hfs*1, C70Hfs*21, E154* and
P216Hfs*14), pseudokinase (R638* and L767*) and kinase domains (T1106Hfs*4). They
are all LOF and lead to the non-expression of TYK2 (1-3) On the other hand, isolated
mycobacterial infection, including MSMD or tuberculosis in particular, can be caused by
homozygosity for the TYK2 P1104A common variant (8). In this study, we investigated a
patient with mycobacterial and viral infections having a mutation in 7YKZexon 7 encoding
the FERM domain of the TYK2 protein.

Case presentation:

The patient lives in Iran and is born to first-degree consanguineous Persian-Turks parents.
He is the second child of the family (Figure 1A). His brother is healthy but there was a
history of unknown deaths that occurred in his two uncles (they died at the ages of 1 and 3
years old). They both presented with lymphadenopathies and fever with no specific
diagnosis in their medical history.

Our patients’ complications related to Bacillus Calmette-Guérin (BCG) vaccination at birth
were started when he was 7 months old. He was referred to Immunology, Asthma and
Allergy Research Institute (IAARI) for immunological evaluations. At that time, he had
fever, bilateral axillary and cervical lymphadenitis, and ulcers at the site of injection (1 x 1
cm) as well as in axillary area (2.5 x 2.5). In addition, he had hepatosplenomegaly in his
imaging evaluation. Biopsies were taken from his ulcerous axillary lymph nodes and were
evaluated by Ziehl-Neelsen stain method and culturing techniques, the result of which
revealed the existence of Mycobacterium bovis-BCG. Similar result was obtained in the
sample taken from his gastric secretion. No bacterial growth was found in blood culture
testing. In his hematological and serological evaluations, he had microcytic anemia and
serum IgE level was in normal range (62.5 IU/ml). The patient did not have atopic
dermatitis, staphylococcal diseases, or any other clinical features of hyper IgE syndrome.
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Increased erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) level were also
detected. His nitroblue tetrazolium (NBT) and dihydrorhodamine (DHR) tests results were
normal. The immunoglobulins levels and cluster of differentiation (CD) markers were in
normal range.

Later, he had two episodes of /erpes simplex infection (confirmed by PCR) at the age of 3
and 7 years old, presented as fever and herpetic gingivostomatitis. He was also hospitalized
due to aseptic meningitis (the cerebrospinal fluid findings were lymphocytic pleocytosis,
normal glucose level, and a slightly elevated protein level that resolved spontaneously) at the
age of 6 years old and chicken pox (VZV) infection six months later.

Immunologically, Lymphocyte Transformation Test (LTT) and cytokine assay following
whole blood stimulation were performed when he was 7 months old and repeated when he
was referred at 6 years old for infection complications; the results were comparable. Results
of LTT assay showed decreased response to both phytohemagglutinin (PHA) and BCG
(Table 1) in terms of stimulation index (SI) calculated by dividing the optic density (OD) of
stimulated to un-stimulated cells. Considerable decreased response in the presence of BCG
along with the physical examinations could be a sign of possible mutation in the IL-12/IFN-
v loop which might result to specific manifestations of MSMD. For cytokine assay, we
evaluated both 1L-12p40 production in whole blood after stimulating for 18 hours in the
presence of BCG or BCG plus IFN-y and IFN-y production in a 48-hour culture setting in
the presence of BCG or BCG plus IL-12 Age and sex matched healthy control who had
received the BCG vaccine was tested simultaneously (Table 1). Induction of IFN-y secretion
in response to I1L-12 was considerably decreased during stimulation of patient’s whole blood
sample (ratio: 1.4 BCG+IL-12/BCG). By contrast, the secretion of IL-12p40 in BCG+IFN-vy
setting was comparable to the amount obtained by healthy control sample. These findings
led us to evaluate the patient for a defect in IL-12 signaling pathway.

Lately, we performed whole exome sequencing (WES) and identified a homozygous
deletion of one base pair in exon 7 of TYKZ2. PCR followed by Sanger sequencing
confirmed the deletion of a C in exon 7 (c.647delC) leading to a frameshift and the
substitution at position 216 causing proline to be converted to arginine followed by a stop
codon 14 amino acids after (p.P216Rfs*14)(Figure 1B, 1C). We also performed the familial
segregation of the mutation. Both parents were heterozygous and healthy and the younger
brother was wild type (WT/WT) and healthy (Figure 1B). This mutation has been reported
in another patient and was showed to be loss-of-expression (3).

Discussion

Following mandatory BCG vaccination at birth in Iran and some other countries, patients
with certain inborn errors of immunity may develop BCG disease that usually appears 3
months after the vaccination (9-12). These manifestations are seen in patients with
syndromic or isolated MSMD, chronic granulomatous disease (CGD), or severe combined
immunodeficiency (SCID) which are usually accompanied with high mortality rate
(80-84%)(13). In Iran, due to the lack of awareness of individuals and the lack of proper and
timely diagnosis of the disease, mortality may be consistent with this range. Early diagnosis
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is a fundamental aspect for prevention of generalized BCG infectious disease and growth of
intracellular microbes (14). Local and generalized complications of BCG vaccine have been
observed in patients with complete AR TYK2 deficiency, often associated with other clinical
manifestations such as Brucella, Salmonella, and Herpes infection (2).

The absence of TYK2 protein was shown to impair but not abolish IL-12 and IL-23
signaling, thereby diminishing the production of IFN-y. These results are in accordance with
the sensitivity to mycobacteria, BCG vaccine and Mycobacterium tuberculosis, as well as
other intra-macrophagic microbes. This aspect was proven in our patient, in whom we
showed an impaired secretion of IFN-y following stimulation by BCG plus IL-12 and a
close to healthy control amount of IL-12p40 secretion against BCG plus IFN-y. In line with
other patients with complete AR TYK?2 deficiency, our patient also suffers from viral
disease, particularly with herpes viruses, attributable to an impaired IFN-a-mediated
immunity (2, 6).

The results of WES identified a homozygous mutation in 7YKZ2gene. The frameshift
mutation (p.P216Rfs*14) affects all four domains of the molecule by truncating the protein
in the first domain (FERM). The exact same mutation has already been described in 2016 in
a Kurdish patient (3) that the mutation completely abrogates the expression of TYK?2 in the
patient’s cells. This patient, who was not BCG vaccinated, did not suffer from mycobacterial
infection, nor from clearly identified viral disease, which is compatible with the low clinical
penetrance of complete AR TYK?2 deficiency for mycobacterial and viral diseases (2).
However, he displayed the characteristics of hyper-IgE syndrome (eczema, skin abscesses,
respiratory infections and high IgE levels), only observed in the first Japanese patient
explained (1). Importantly, both our patient and the patient reported in 2016 by Fuchs et af.
carry the same TYK2 mutation and we thus infer that our patient would show a lack of
TYK2 expression despite never tested. Regardless of identical genotype at the 7YKZlocus,
their clinical phenotypes are different, which might be due to variations in gene modifiers
acting post-transcriptionally or in unrelated genes. More studies are needed to fully
understand the clinical phenotype of “hyperlgE” and the role if any of TYK2. Patients with
syndromic forms of MSMD including viral infections should be considered for complete AR
TYK2 deficiency.
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Figure 1- identification of TYK2 homozygous mutation
(a) Pedigree of a family in which a homozygous mutation in 7YKZ2was identified in the

index case. Squares and circles denote male (father) and female (mother), respectively.
Half-filled square and circle symbolize heterozygous carriers of ¢.647delC mutation. Living
affected and unaffected males show in black and clear squares, respectively.
(b) Validation by Sanger sequencing of the 7YK2mutation in the patient, brother and their
parents. PCR followed by Sanger sequencing confirmed the deletion of a C in exon 7
(c.647delC) leading to a frameshift and the substitution at position 216 causing proline to be
converted to arginine followed by a stop codon 13 amino acids after (p.P216Rfs*14). (c)
Schematic representation of the TYK2 protein with the position of mutation reported here.
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Table 1-

Laboratory findings of the TYK2 deficient patient

Laboratory results Patient NR"

WBC (x 10%) 8.46 6-17.5
Lymphocytes (x 10%)  6.21 4-10.5
Neutrophils (x 10%) 1.26 15-85
CD3 3.7 1.9-5.9
CD4 1.9 1.4-4.3
CD8 1.9 0.50-1.7
CD19 13 0.02-2.3
CD4/CD8 1 >1
IgA mg/dl 24 11-90
1gG mg/dl 1234 217-904
IgM mg/dl 55 34-126
IgE 1U/ml 62.5 0.98-570
CH50 146 70-160
Cell culture tests Patient  Healthy control(s)
LTT with PHA (SI) 2.2 35
LTT with BCG (SI) 16 25
IL-12 p40 (R1) 8.2 14
IFN-y (R2) 14 5.6

*
NR: Normal range, Age-related reference range from The HARRIET LANE HANDBOOK, Jason W. Custer and Rachel E. Rau, Twenty-first
Edition.

WABC: white blood cells; CH50: 50% haemolytic complement; LTT: Lymphocyte Transformation Test; PHA: Phytohemoglutin; SI: stimulation
index (OD of stimulated cells with PHA or Bacillus Calmette—-Guérin (BCG)/OD of un-stimulated cells); R1: Ratio of IL-12 p40 production by
dividing cells stimulated with BCG+ recombinant human interferon- -y (rhIFN-vy) to the cells stimulated with BCG; R2: Ratio of IFN-y production
by dividing cells stimulated with BCG+ recombinant human interleukin-12 (rhiL-12) to BCG
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