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Abstract

Defining monogenic drivers of autoinflammatory syndromes elucidates mechanisms of disease in
patients with these inborn errors of immunity and can facilitate targeted therapeutic interventions.
Here, we describe a cohort of patients with a Behcet’s- and inflammatory bowel disease (IBD)-like
disorder termed ‘Deficiency in ELF4, X-linked” (DEX) affecting males with loss-of-function
variants in the £L F4transcription factor gene located on the X chromosome. An international
cohort of fourteen DEX patients was assessed to identify unifying clinical manifestations and
diagnostic criteria as well as collate findings informing therapeutic responses. DEX patients
exhibit a heterogeneous clinical phenotype including weight loss, oral and gastrointestinal
aphthous ulcers, fevers, skin inflammation, gastrointestinal symptoms, arthritis, arthralgia, and
myalgia, with findings of increased inflammatory markers, anemia, neutrophilic leukocytosis,
thrombocytosis, intermittently low natural killer and class-switched memory B cells, and
increased inflammatory cytokines in the serum. Patients have been predominantly treated with
anti-inflammatory agents, with the majority of DEX patients treated with biologics targeting
TNFa.

Introduction

Human monogenic autoinflammatory diseases (AlDs) comprise a subgroup of inborn errors
of immunity (IEI) characterized by systemic inflammation not necessarily accompanied by
increased infection susceptibility and without the features of classical autoimmune diseases
such as high titers of autoantibodies and antigen-specific T cells [1,2]. These diseases are
caused by single-gene defects, typically resulting in gain-of-function in innate immune
mediators or loss-of-function in negative regulators of inflammation. Defined broadly,
monogenic AlDs are largely driven by dysregulated and exuberant cytokine responses and
can encompass inflammasomopathies, type | interferonopathies, and immune-driven very
early onset IBD (VEO-IBD) syndromes, among others. Advances in genetic diagnostics
have enabled discovery of a growing number of IEIs with predominant autoinflammatory
features, leading simultaneously to breakthroughs in our mechanistic understanding of
fundamental immune molecules and pathways and to further translation back to the clinic
with targeted therapeutic interventions [1-3].

AID patients often present with periodic or recurrent fevers along with cutaneous,
osteoarticular, serosal, and/or gastrointestinal manifestations [2—-10]. Classic examples
include Familial Mediterranean Fever (FMF), TNF receptor-associated periodic syndrome
(TRAPS), Cryopyrin-associated periodic syndrome (CAPS), Deficiency of interleukin-1
receptor antagonist (DIRA), Haploinsufficiency of A20 (HA20), and Deficiency of
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adenosine deaminase 2 (DADAZ2), type | interferonopathies like Aicardi-Goutiéres
syndrome, among many others [2]. Very early-onset inflammatory bowel disease (VEO-
IBD) is a subgroup of IBD, often IBD-unclassified (IBD-U), with severe disease onset
before 6 years old, and is often attributable to disrupted homeostasis of immune cells

in the gastrointestinal tract caused by rare mutations in genes such as /L 10, /IL10RB,
ADAM17, IL21, and XIAP[11-13]. However, it can be difficult for clinicians to confidently
determine pathogenicity of rare variants found by next-generation sequencing and to find

the information needed to manage treatment of these patients. Behcet’s syndrome (also
known as Behcet’s disease) is characterized by recurrent, painful oral aphthous ulcers along
with systemic manifestations that can include genital ulcers, gastrointestinal involvement,
arthritis, various skin lesions, and ocular, vascular, and/or neurologic disease, and can often
be difficult to distinguish from Crohn’s disease [14,15]. Here, we describe a cohort of
patients with a recently described AID sharing features of Behget’s syndrome and VEO-IBD
that we termed ‘Deficiency in ELF4, X-linked’ (DEX).

DEX, also designated Autoinflammatory Syndrome, Familial, X-linked, Behcet-like 2
(AIFBL2; [MIM #301074]), is caused by hemizygous loss-of-function mutations in E74-like
ETS transcription factor 4 (ELF4) located on the X chromosome (Xg26.1). DEX was
initially described in three unrelated male patients presenting in childhood with recurrent
fevers, oral ulcers, and inflammatory bowel disease (IBD)-like mucosal inflammation [16].
A fourth patient with a novel £LF4 mutation who presented with oral ulcers, constipation,
arthritis, and recurrent bacterial and viral infections was later identified, demonstrating
heterogenicity in the clinical phenotype [17]. The number of reported DEX patients
increased to nine with the discovery of five more patients in a Chinese cohort with loss-of-
function £LF4 variants who presented with symptoms similar to the previous patients [18].

ELF4 is a member of the family of transcription factors that share an evolutionarily
conserved ‘E26 transformation specific’ (ETS) DNA-binding domain and are implicated

in cellular growth, proliferation, apoptosis, senescence, development, differentiation, and
angiogenesis [19]. Members of the ELF subfamily are specifically known to be involved in
immune cell development as well as the regulation of immune responses [20,21]. In humans,
ELF4is most highly expressed in many hematopoietic cells, with the highest seen in natural
killer (NK) cells, monocytes, and CD4* T regulatory cells (Tregs) in the peripheral blood
[22]. A number of mouse studies have attributed a variety of functions to ELF4 [23-34],
including roles in NK cell development [35], CD8* T cell proliferation and homing [36],
and the regulation of antiviral immunity through type | interferon [37]. Notably, ELF4 has
also been found in both mouse and humans (i.e., DEX patients) to restrain the differentiation
of proliferating CD4* T cells to T helper 17 (Th17) cells (Lee et al., 2014; Tyler et al.,

2021) , a cell subset known to promote mucosal inflammation and neutrophil recruitment.
Recent work with DEX patient samples and ELF4-deficient mice revealed that myeloid cells
deficient in ELF4 are also hyperinflammatory [16].

We have now collated an international cohort of fourteen patients from thirteen unrelated
families with loss-of-function mutations in £LF4 leading to DEX, nine of whom

were reported previously [16-18]. Here, we report the immunological characteristics,
clinical phenotypes, histopathological and laboratory findings, therapeutic interventions,
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and prognosis of all currently known DEX patients in order to highlight the unifying
characteristics.

Results

DEX patients have pathogenic ELF4 mutations

De novo or maternally inherited £LF4 mutations in all DEX patients identified to date cause
either an early stop codon/deletion that results in nonsense-mediated mRNA decay and loss
of protein, or a missense variant that disrupts the ETS DNA binding domain in exon 7 of
ELF4 (Table 1 and Figure 1a). All mutations except that of P2 have been confirmed by
Sanger sequencing [16-18] (Supplemental Figure 1), and only two (W212C & R185X) are
present in the gnomAD database of human exomes or genomes, both with minor allele
frequencies of 5.46 x 107 [39]. Out of the fourteen patients, there are eleven distinct
mutations, while W251S, R234X, and the deletion of exons 2—7 are shared by patients P6
and P7, patients P5 and P10, and identical twin patients P3 and P4, respectively. Most DEX
patients (11/12) inherited their mutation from their mother, while one variant is confirmed to
be de novo (P6), and the maternal genotype of two DEX patients is unknown (Table 1 and
Figure 1b; pedigrees of P6—P14 previously published [16-18]).

Alignment of the human ELF4 DNA-binding ETS domain in exon 7 with ETS domains

of ELF4 and related proteins from other species highlights that the residues mutated in
DEX patients within the ETS domain (Trp212, Trp231, Ser248, and Trp251) are all highly
conserved amino acids (Figure 1c). Combined annotation-dependent deletion (CADD)
scores, a measure of human variant deleteriousness, for all DEX mutations were >20 and
these mutations are thus predicted to be pathogenic [40,41]. The variants are all rarer and
have greater CADD scores than gnomAD variants in males with a minor allele frequency
(MAF) cutoff of >10~* (Figure 1d). Additionally, we have previously noted that missense
variants are reduced within the conserved ETS domain of £LF4[16], further emphasizing
the predicted pathogenicity of variants within the ETS domain in DEX patients P2, P5, P6,
P7, P9, P10, and P13. P1, P3, P4, P8, P11, P12, and P14 all have early stop codons and loss
of ELF4 mRNA/protein [16,18]. Transfection of 293T cells with cDNA vectors expressing
both a transcriptional luciferase reporter (using the mouse /fnb1 promoter and multiple ISRE
sites) and myc-tagged ELF4 wildtype (WT) or DEX patient-derived ELF4 variants to assess
ELF4 transcriptional activity demonstrated variants for patients P1, P2, P6-P9, and P13 to
be loss of function (Figure 1e & f). Sun et al. (2023) have also independently shown loss of
function of the W231R (P9) and R234X (patients P5 and P10) variants by luciferase reporter
assay, as well as verified loss of function for the variants of patients P11-P14. Except for
the variants that result in a frameshift (A339Pfs*32, G148Vfs*113, and H1561fs*105) or an
early termination (R234X, Q39X, and R185X) all other ectopically overexpressed variants
resulted in ELF4 protein with apparent molecular weight of full-length ELF4 (Figure 1f)
[17,18].

Since DEX patients presented with signs of autoinflammation and recurrent fevers, many
had more extensive genetic testing. P6 was tested for a number of genes associated

with periodic fever syndromes (MEFV, MVK, LPINZ, TNFRSF1A, NLRP3, ELANE, and
PSTPIPI) but no pathogenic variants were detected. Results from P8 were negative on a

J Clin Immunol. Author manuscript; available in PMC 2025 January 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Olyhaetal.

Page 6

whole exome sequencing primary immunodeficiency (WES-PID) panel, and P9 also did not
have any mutations in known causative genes of primary immunodeficiency, as assessed

by whole exome sequencing [17]. P1 tested negative on a panel of >420 genes. However,
testing in family members of P1 revealed that his mutation was inherited from his mother,
who inherited the mutation from her own mother. To our knowledge, no DEX patients were
tested for the presence of HLA-B51, which is associated with Behcet’s syndrome [42,43].

P3 and P4 are monozygotic twins who both were found by microarray to have an
approximately 0.086 Mb deletion of chromosome 626, which includes PARKZ, and

an approximately 0.029 Mb deletion of chromosome Xq26.1, where ELF4 is located.
Autosomal recessive pathogenic variants in PARK?2 are associated with Parkinson disease,
juvenile, type 2 (OMIM #600116), so it is unlikely that this mutation is leading to the
symptoms seen in these patients, but they are likely carriers for this disorder. We confirmed
the deletion in ELF4 by Sanger sequencing in both P3 and P4 and found it to be 29.046
kilobases in size (Supplemental Figure 1). Exons 2—7 are deleted, while coding exons 8
and 9 are present. Additionally, P3 was found on a sequencing panel and copy number
analysis (NGS319) to have a heterozygous missense variant of uncertain significance in
TINFRSFI1A exon 10 (¢.1328G>T; NM_001065; p.Gly443Val). This variant is listed in
gnomAD with an allele frequency of 1.08 x 10~ and CADD score of 15.69. However,

it is believed that this variant is not related to the phenotype of P3 and that this patient

does not have TRAPS. In addition to his DEX-related symptoms, P3 has a diagnosis of
cerebral palsy, spastic quadriplegia, and dystonia for which he has had several surgeries
related to muscle contractions. P14 was found on genetic testing to harbor a de novo large
duplication that affects STAGZ2and X/AP, which may contribute to his developmental delay
and hydrocephalus [44].

DEX patients exhibit symptoms of autoinflammation

As DEX is an X-linked disorder, all fourteen patients are males, with a mean age of
clinical presentation of 4.5 years old. Several patients presented within the first few years
of life, with the latest age of onset being thirteen years. Clinical manifestations of the
fourteen DEX patients are shown in Table 2. All patients have oral ulcers (canker sores),
with the exception of P2, P5, and P13. However, oral ulcers did not develop in some
patients (e.g., P3, P4, and P12) until a few years after the onset of other symptoms.

These ulcers usually coincide with symptomatic flares that last for 2-5 days and consist
of a recurrent constellation of symptoms including fevers (9/13), skin involvement (8/13),
myalgias (3/12), arthritis (2/14), arthralgias (4/14), fatigue (6/14), abdominal pain (8/14),
nausea/emesis (4/13), constipation (3/13) and/or diarrhea (7/14), and decreased appetite
(12/13). Two patients had rectal bleeding (P2 and P6). Most patients (13/14) have also had
poor weight gain or weight loss, often attributed to decreased intake secondary to pain or
dysphagia due to oral ulcers. P3 had significant weight loss that required placement of a
gastrostomy tube at age 12, though this was also likely related to his additional diagnosis
of cerebral palsy. Two patients (P1 & P7) also have short stature. P11 presented first with
oral ulcers and skin inflammation, developed fever four years later, and arthritis a year
later [18]. P7 had episodes of lip swelling and oral ulcers, which initially led to suspicion
of orofacial granulomatosis. P9 presented at 2 months old with infections (see below),
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developed constipation at 3 years old, followed by oral ulcers (4 years old), and then rash
and arthritis (9 years old). His fevers were only ever associated with infections [17]. The
location of arthralgias varies between patients, presenting as polyarthralgia in P5, while
specifically the knees are affected in P1, P4, & P6. P9 was diagnosed with arthritis in the left
hip and right ilium by MRI [17]. Some DEX patients have additional symptoms associated
with their flares, including headache (P1), painful eyes with incidental conjunctival injection
(P1; not evaluated by an ophthalmologist), periorbital swelling (P6), and irritability (P6). For
some patients, the symptomatic flares were noted to have a periodicity, with P6 experiencing
flares approximately once every 4 weeks and P1 approximately once every 3-8 weeks. In
P3, fevers occurred periodically between 2 and 4.5 years of age, at which point the fevers
improved and he started developing oral ulcers that were dependent on steroid dosing.

Behcet’s syndrome-like aphthous ulcers in DEX patients

Aphthous lesions have been reported in several locations, including on the lips, hard palate,
uvula, tonsils, tongue, posterior oropharynx, and buccal mucosa. The ulcers resemble those
seen in recurrent aphthous stomatitis and Behget’s syndrome, with an example shown in
Sun et al. 2023 Figure 1B. A biopsy of an oral ulcer from P7 revealed acute ulceration

with a prominent neutrophilic exudate in the epithelium and dermis as well as underlying
granulation tissue with histiocytes and lymphocytes, but no areas of vasculitis. A biopsy

of a lip ulcer from P3 demonstrated full thickness submucosal ulceration and marked
submucosal acute and chronic inflammation with numerous plasma cells. In P4, an oral
ulcer biopsy showed markedly inflamed fibroadipose tissue and focal marked acute and
chronic inflammation with scattered eosinophils, and a biopsy of an ulcer in P10 also
demonstrated inflammation. Due to his symptoms, P11 initially received a differential of
either Behget’s syndrome or juvenile idiopathic arthritis. Cultures of the oral ulcers did not
reveal any abnormal growth in P3 or P6, while P8 was repeatedly positive for Candlida
albicans between the ages of 13 and 18. P8 was later evaluated several times while suffering
from oral ulcers, but a pathogen was never identified. Specific emational or physical triggers
of ulcers were not identified in P1, P8, or P9-14. P3 does have worsening ulcers around
times of slight physical trauma or emotional stress, though the causality is not clear. One
patient (P7) reports that ulcers are worse when consuming certain foods such as pizza and
carbonated beverages. In P9, oral ulcers went into remission while in lockdown during the
SARS-CoV-2 pandemic lockdown but recurred immediately after returning to school [17].
In addition to ulcers in the gastrointestinal tract (discussed below), there have also been
ulcerous lesions reported in other locations, including perianal (P7, persistent with fissures
but without fistula; P10; and P12) and scrotal (P3). P12 initially presented with perianal
ulcers and did not develop oral ulcers, fever, abdominal pain, or diarrhea until two years later
[18].

Features of IBD-like gut inflammation in DEX

Signs of gut inflammation are common in DEX patients. Of these fourteen patients, seven
have been evaluated with upper and/or lower endoscopies with histology, while the other six
patients did not experience prominent Gl symptoms (with the exception of P1). Seven of the
eight (7/8) DEX patients who underwent endoscopy were found to have aphthous-like ulcers
in their gastrointestinal tract, including the esophagus (P5 and P12), gastric sinus (P12 and
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P14), duodenum (P7), ileum (P14), terminal ileum (P7, and P10), ileocecal flap (P10), colon
(P2, P5, P6, and P12), and rectum (P2 and P10) [18]. Several patients were also found to
have gastritis (4/6; P5, P6, P7, and P2) and/or esophagitis (4/6; P2, P3, P5, and P7), with few
eosinophils (5-7 per high powered field) seen in P7. P2 had continuous ulceration from the
rectum through the cecum and terminal ileitis on colonoscopy with a single epithelioid
granuloma in the right colon. He previously received a diagnosis of IBD-unclassified
(IBD-U) that was later reclassified as Crohn’s disease. P3 was found to have esophagitis
without ulcers and had a normal colonoscopy. P5 had aphthous lesions in the esophagus,
foci of lymphocytic infiltrate in distal esophageal epithelium, gastritis with mild chronic
inflammatory infiltrate (negative for Helicobacter pylori), terminal ileitis and pancolitis
with erythematous and friable mucosa, as well as multiple aphthous lesions throughout

the entire colon. Histopathology of the terminal ileum and colonic mucosa of P5 showed
discontinuous inflammatory involvement with focal submucosal involvement, cryptitis,
glandular distortion, neutrophilic infiltrate in the lamina propria with a discrete histiocytic
component but no granulomas. P6 had scattered aphthous-like ulcerations throughout the
colon, focally active colitis without granulomas on biopsies, and normal terminal ileum;
more recent colonoscopy revealed pancolitis. P7 had mild chronic inflammation in the
gastric body (with mononuclear cells), terminal ileum (with neutrophils), ileocecal valve,
and cecum, without granulomas. Nodular lymphoid hyperplasia was also seen in the cecum
and appendiceal orifice of P7. In addition to multiple ulcers throughout the Gl tract,

from esophagus to colon, P12 was found to have stenosis of the ascending colon and

mild inflammation of the colonic mucosa with lymphoid hyperplasia [18]. Lymphocytic
infiltration in terminal ileum was also seen in P14. These findings led to initial diagnoses of
Crohn’s disease and IBD-U in P10 and P12, respectively [18].

Inflammatory skin lesions in DEX patients

The majority of DEX patients (8/13) experience some form of skin inflammation during
symptomatic flares, with the locations and features varying between patients. P3 develops
both scattered red tender papulonodular lesions with some overlaying scale that appear on
his forehead, shin, arms, and feet (Figure 2a—c), with a biopsy showing lobular and septal
panniculitis, as well as separate pustular lesions. He also develops lesions anywhere there
is trauma such as a blood draw or vaccine injection, consistent with pathergy phenomenon
described in Behget’s syndrome. During symptomatic flares, P4 presents with lesions on
his arms, legs, and buttocks that are initially pustular and then drain and ulcerate. P5

has skin inflammation described as bullous and prurigo-like lesions on his arms, legs,
ears, and buttocks that resolve completely in a matter of days to weeks, leaving no scar

or pigmentation (Figure 2d). P6 has experienced both a diffuse macular rash, as well as
isolated scattered macules and petechiae on the legs and/or arms during fever episodes.

P8 experienced a papulopustular rash with painful vesicles and redness shortly before
presentation at age 13. The lesions started in the left inguinal region, expanded to the
right thigh, and were not responsive to acyclovir. This patient no longer experiences such
skin lesions. Around age 9, P9 experienced several episodes of a transient palmar rash
[17]. During symptomatic flares, P1 sometimes develops widespread non-erythematous and
non-pruritic micropapules covering his trunk that resemble piloerection. P7 has eczema,
though this is thought to be unrelated to DEX, and it is unknown whether P2 experiences
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any form of skin inflammation. The location of the skin erythema in P11 was not reported
[18].

Other clinical manifestations of DEX

Based on our cohort, most DEX patients do not present with notable or abnormal infectious
phenotypes. However, 6/14 patients have had infectious components to their presentation. P1
had recurrent herpes labialis and an episode of giardiasis which could both be incidental.

P2 had recurrent C. difficile colitis at presentation that was treated with a fecal transplant.
Shortly after presentation, P8 was evaluated because of severe balanitis that was treated with
acute circumcision complicated by granulomatous reaction. He was treated with antibiotics
(without effect) and antifungals. Around the same time, P8 also suffered severe oral Candida
albicans infection that led to weight loss from reduced oral intake secondary to mouth pain.
He was treated with antifungals with good clinical response. Subsequently, he had recurrent
oropharyngeal ulcers that were C. albicans-negative but responded to antifungals. His severe
balanitis did improve gradually after antifungal treatment, but it is unclear whether the
balanitis was also caused by fungal infection since cultures were negative for C. albicans.
P7 is only reported to have been infected with Varicella (chickenpox) and subclinical
intestinal spirochetosis, neither of which was considered concerning or unusual. After an
initial infection with pneumonia at 2 months old that required a pediatric ICU admission
and mechanical ventilation, P9 experienced frequent viral and bacterial pneumonia from

the age of two years that often followed viral upper respiratory traction infections. He has
required several hospitalizations and these infections have been controlled with intravenous
antibiotics, intravenous immunoglobulins (IVIG), and supportive therapy [17]. At age five,
P9 experienced desquamation of the skin of the tips of the thumb and finger as well as

a dilated left coronary artery that was suspected to be “atypical Kawasaki’s disease” and
resolved after several weeks of treatment [17]. He later presented at age 10 with abdominal
pain and purpura on the lower legs felt to be typical of Henoch-Schénlein purpura and

was treated with low dose glucocorticoids. While P1 has family members who have been
diagnosed with Kawasaki’s disease but are not carriers of the £LF4 mutation, there have
been no other reports in DEX patients. P14 has also experienced recurrent respiratory
infections, but the causative organisms and whether hospitalization was required was not
reported [18]. These infections in DEX patients are sporadic with different classes of
microbes, suggesting the absence of specific immunodeficiency (Supplemental Table 1).

P13 initially presented with elevated transaminases and neutropenia. A diagnosis of systemic
lupus erythematous was made based on multi-organ damage, multiple autoantibodies, and
decreased C3 and C4. Renal biopsy showed mild mesangial proliferation with positive
immunofluorescence for IgA, C3, and C1q, consistent with class Il lupus nephritis
according to the International Society of Nephrology/Renal Pathology Society classification
[45]. Abnormal transaminases were attributed to lupus hepatitis. This patient also has
coagulopathy, likely due to decreased activity of factor X [18]. P14 also had persistent
liver dysfunction with coagulopathy and decreased albumin, along with hydrocephalus,
congenital hypospadias, inguinal and umbilical hernias, hepatosplenomegaly, and growth
retardation due to growth hormone deficiency. Notably, this patient suffered from
intrauterine growth retardation and later showed global developmental delay [18].
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Laboratory findings and immunological markers in DEX

Diagnosis of DEX is facilitated by the overlap of abnormal clinical features and

laboratory values (Table 3). Most DEX patients assessed (11/12) have elevated erythrocyte
sedimentation rates (ESR), and C-reactive protein (CRP) is additionally elevated in all
patients assessed (8/8) [18]. These values are generally elevated during symptomatic flares
and normalize in between episodes or with treatment. The highest values recorded for ESR
and CRP are shown in Figures 2e and 2f, respectively, for P1 and P3-P9. Eleven out of
thirteen (11/13) DEX patients for whom we have data have anemia (Table 3). Nine out of
thirteen (9/13) patients had microcytic anemia with low mean corpuscular volumes (MCV),
while P1 had MCV values that were at the low range of normal during flares (76-81 fL). P5,
P6, P7, P9, and P14 were also found to have low iron levels, supporting diagnoses of iron
deficiency anemia; iron was not measured in the other patients [17,18]. P6 additionally had
low ferritin levels (9 ng/mL), while P5 and P7 had ferritin within the normal range.

Several patients analyzed have thrombocytosis (5/8 patients) and/or neutrophilia (6/8
patients) during symptomatic flares, with many additionally having leukocytosis (6/12
patients). Natural killer (NK) cell (CD56*CD3~ and CD56*CD3~CD16%) numbers varied
between and within DEX patients, with levels above, at, and below normal range. 7/12
patients displayed decreased NK cells at some point during the course of their disease.
Percentages and absolute numbers of CD3* T cells and CD3*CD4* T cells were within
normal range in all patients analyzed. With the exception of P9, who had an increased
percentage of CD3*CD8™ T cells [17], all other patients had normal frequencies. Most
patients have normal levels of CD19* B cells, but P6, P11, and P13 had transient episodes
of decreased absolute numbers of B cells [18] and P7 had increased percentage and
numbers of naive (CD197CD27"1gD*) B cells. Decreased class-switched memory B cells
(CD19*CD27*1gD") were observed in 5/6 patients in whom they were analyzed [17,18].
Multiparameter immunophenotyping by mass cytometry (CyTOF) of peripheral blood
mononuclear cells (PBMCs) from P1, P6, and P8 did not reveal significantly different
frequencies of any immune cell subsets compared to sex-matched healthy pediatric controls
(HC) (Figure 2g and Supplemental Tables 2). Heterogeneity was noted in this small sample
set, which may lead to differences in functional responses of these immune populations in
DEX patients (Supplemental Figures 2 & 3).

Despite some patients having decreased frequencies of B cells, total antibody levels do not
appear to be greatly impacted in most DEX patients. 2/13 patients have increased serum
immunoglobulin A (IgA), while the other 11/13 patients have levels within the normal
range. Serum IgG was only found to be increased in 2 patients out of the 13 assessed, and
1gG, was increased in only P6. P1 had increased total 1gG, 1gG1, and 1gGg4, but normal 1gG»
and 1gGs. DEX patients evaluated for serum IgM (6 patients; P1, P3, P4, P6, P8, and P9)

or IgE (4 patients; P3, P4, P6, and P9) were all found to be within normal range [17]. P5
had no serological response to vaccination against hepatitis B (HBV), tetanus, and rubella.
P6 was reported to have borderline immunoglobulin response to the diphtheria and tetanus
vaccine and lack of response to the live, attenuated measles-mumps-rubella (MMR) vaccine
and varicella zoster vaccine. P7 was also reported to have a suboptimal 1gG response to

the live, attenuated MMR vaccine. However, P1 and P4 reported normal immunoglobulin
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responses to the MMR vaccine. P9 also had normal responses to various other vaccines
including Bacille Calmette-Guérin (BCG), HBV, poliovirus, and diphtheria-pertussis-tetanus
(DPT) [17].

Several DEX patients have had serum levels of cytokines and chemokines assessed to
characterize the nature of their inflammation more thoroughly. However, such testing was
not available for all patients (P2, P7, P8, and P14), and of those tested, not all cytokines/
chemokines were profiled. Several cytokines were found to be elevated in the serum:
interleukin-1p (IL-1B) in 2/7 patients, IL-6 in 5/10 patients, IL-8 in 3/8 patients, IL-10

in 2/10 patients, 1L-18 in 2/4 patients, interferon y (IFNy) in 1/8 patients, tumor necrosis
factor a (TNFa) in 2/9 patients, and CXCL1 in 3/3 patients [16,17]. Serum IL-17 was
within normal levels for the 5 patients evaluated. Additionally, macrophage inflammatory
protein-la (MIP-1a) and MIP-1pB were elevated in P9, though within the range of healthy
controls in P6. P6 and P9 had several other serum cytokines evaluated that were all found
to be within reference ranges [16,17], P3 was found to have normal levels of CXCL9, and
P5 had normal levels of CXCLS5. P3 also had some intracellular cytokines assessed and was
found to have decreased IFN7y in both CD8* T cells and NK cells, and decreased TNFa. in
CD4* T cells, CD8* T cells, and NK cells. P4 had increased soluble IL-2 receptor.

Serum complement levels were reported in 5 DEX patients and showed no clear trend.
Complement components C3 and C4 were decreased in P13 who has a diagnosis of SLE
[18]. P6 and P7 had elevated levels of C3 and C4, and P12 had elevated level of C1q [18],
indicative of an inflammatory state. P9 had normal C3 and C4 levels. Some DEX patients
are positive for various autoantibodies, many of which improved with therapy, and these are
shown in Supplemental Table 3.

Treatment considerations for DEX patients

All fourteen identified DEX patients have received various treatments, with some
successfully ameliorating their symptoms (Table 4 & Supplemental Table 4). All DEX
patients have received steroids, usually as short courses, during periods of symptomatic
flares to control their inflammation and provide quick relief of symptoms while avoiding the
adverse effects of long-term glucocorticoid treatment in children. Every patient responded
well to steroid therapy, and it is especially effective at resolving oral ulcers. Most patients
(9/14) have also been successfully treated with some form of biologic therapy. These include
monoclonal antibodies that target IL-1p (canakinumab), IL-12/23 p40 (ustekinumab), TNFa
(adalimumab and infliximab), and B cell activating actor (BAFF; belimumab). TNFa-
targeting agents have been the most widely used, with 6/8 patients achieving good clinical
response, including resolution of oral ulcers, abolition of steroid-dependence, disappearance
of inflammatory bowel lesions, alleviation of other symptoms, and even remission. For the
other two patients treated with anti-TNFa,, it is still too soon to assess response (P4) or the
response is unknown (P2). However, canakinumab and ustekinumab have also been at least
modestly effective at resolution of symptoms. Anakinra, a recombinant/modified version of
human IL-1 receptor antagonist (IL-1RA), was effective in controlling fevers and abdominal
symptoms and decreasing inflammatory markers for P6, but P3 found the injections difficult
to tolerate. Both patients had better success after switching to canakinumab and then
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later to adalimumab. 1VIG in replacement doses was associated with reduced frequency

of infections in P9, and with symptom resolution in both P9 and P14, although it is difficult
to assess its effect as it was used in combination with other immunomodulatory therapies
[17,18].

Other treatments used for the treatment of IBD and Behget’s disease have also been used to
treat DEX patients, with varying success. Antimetabolites azathioprine and mercaptopurine
failed to induce long term remission in patients P2 and P14, respectively, but P5 is in clinical
remission after a combination of infliximab and azathioprine therapy. P14 is currently

being treated with aminosalicylate mesalazine along with thalidomide, and P10 achieved
remission with a combination of mesalazine and steroid therapy [18]. The clinical response
of P2 to sulfasalazine and mesalazine is unknown. Colchicine was trialed in P3, P4, and

P7, but failed to prevent oral ulcers in any of these patients. Several DEX patients have

been treated with either non-steroidal anti-inflammatory drugs (NSAIDs; 4/14 patients) or
methotrexate (3/14 patients), usually for joint symptoms. The responses to these therapies
were either minimal or unknown, except in P9 and P11, where the combination of NSAIDs
and methotrexate alleviated joint symptoms [17]. P1 was initially trialed on naproxen, but it
had little effect. Patient P3 was treated with apremilast (a phosphodiesterase 4 inhibitor) but
had only a partial response. P14 failed to achieve long term remission with either tacrolimus
or cyclosporine A (both calcineurin inhibitors) [18]. Some patients have found moderate
success in modulating symptoms with dietary modifications, such as a benzoate-free or
fiber-rich diet, but it can be difficult for children to maintain such diets. More details
regarding treatment regimens and response are shown in Supplemental Table 4.

Discussion

This retrospective analysis comparing the clinical features of fourteen patients with DEX
demonstrates a clinical phenotype with recurrent episodes of fevers of unknown origin,

oral ulcers, ulcers in the gastrointestinal tract, and increased inflammatory markers (ESR
and/or CRP) as the most common manifestations (Figure 3). Several patients also experience
other symptoms such as skin inflammation, arthralgia/myalgia, arthritis, fatigue, decreased
appetite, weight loss, and gastrointestinal symptoms such as abdominal pain, nausea/emesis,
constipation, and diarrhea. With such a wide presentation of the disease, absence of any

one of these clinical features should not rule out DEX. Due to the overlap in symptoms,
DEX should be considered in the differential diagnosis of young male patients who are
being evaluated for very early onset inflammatory bowel disease (VEO-IBD; before 6

years of age) [13,46], pediatric-onset IBD, periodic fever syndromes, Behget’s syndrome,
orofacial granulomatosis, or recurrent aphthous stomatitis (RAS). Not all DEX patients
present with GI symptoms or have a family history typically seen in IBD, and most DEX
patients identified to date lack clinical manifestations often seen in Behget’s syndrome such
as ocular, vascular, central nervous system, cardiac, renal, or pulmonary disease [14,15].
However, P3 exhibits pathergy as well as history of a scrotal ulcer, both findings often seen
in Behget’s syndrome. Additionally, P13 has systemic lupus erythematosus with biopsy-
confirmed lupus nephritis class Il and clinical diagnosis of lupus hepatitis. Despite the £LF4
variant of P13 (S248F) showing loss-of-function, this patient with SLE presents differently
from other DEX patients; he lacks several of the common symptoms of oral ulcers, fevers,
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Gl dysfunction, skin involvement, or arthralgias, and was not found to have anemia. Further
investigation into the impacts of this £LF4 mutation is warranted.

Definitive diagnosis of DEX is made by identification of mutations in ELF4 that are loss-of-
function or lead to truncation/loss of protein. Missense mutations located within the ETS
DNA binding domain in exon 7 of £LF4 or nonsense mutations/deletions that result in

loss of ELF4 protein are good predictors of variant pathogenicity. The activity reporter
assay with mouse /fnb1 promoter used here to determine transcriptional activity of ELF4
provides “PS3_moderate” variant support as it has been validated with 12 benign gnomAD
variants and is thus reliable at identifying loss-of-function variants of £LF4[16,47]. Work
is ongoing to identify the molecular and cellular mechanisms by which £LF4 variants lead
to the observed phenotypes; deleterious mutations within the ETS DNA binding domain
likely interfere with the ability of ELF4 to bind and initiate transcription at target genes,
either directly or through interactions with other protein binding partners, as is common with
ETS family members [48,49]. As most patients inherited mutations from their mothers, we
recommend testing of family members upon genetic diagnosis of DEX. Females who are
heterozygous for £ F4 mutations do not report symptoms and appear to be asymptomatic
carriers, with the exception of the mother of P11, who has a diagnosis of Behget’s syndrome
and suffered from several ulcers on the mouth, face, and perineum along with episodes of
fever, joint pain, and mild anemia [18]. Beyond rare cases of severe gene defects in £LF4,
polymorphisms affecting ELF4 expression and function would be predicted to predispose

to IBD more generally. It additionally does not escape our attention that somatic variants
disrupting ELF4 function in a fraction of cells could be contributory toward inflammatory
phenotypes overlapping in DEX that present later in life [50-52].

Based on the clinical courses of the fourteen DEX patients reported here, evaluation of
several physical, immunological, and non-immunological factors within these patients will
aid in monitoring disease course and guiding individualized treatment. The symptoms of
several DEX patients have been found to evolve over time, so longitudinal monitoring for
the appearance of new manifestations is needed. Ulcers within the GI tract were found in
7/8 DEX patients who were investigated, and in P5 and P7 this was in the absence of any
abdominal pain or symptoms of constipation/diarrhea, respectively. Even in the absence

of clear GI symptoms, initial evaluation by upper endoscopy as well as colonoscopy with
ileoscopy may be informative to determine the extent and location of ulceration in the Gl
tract and to support therapeutic decisions. Magnetic resonance enterography (MRE) also
has utility to evaluate for upper Gl disease distal to the duodenum that is not accessible by
endoscopy. Patients should also be evaluated for aphthous-like ulcers throughout the mouth,
face, and perianal region, and signs of skin inflammation should be assessed. The oral ulcers
and GI symptoms can cause great pain and discomfort, sometimes affecting oral intake and
weight in DEX patients. Additionally, as several patients also have anemia, some due to iron
deficiency, complete blood count (CBC), along with iron studies will help assess for iron
deficiency. There have not been reports of other nutrient or mineral deficiencies in patients
with DEX.

Mucosal inflammation paired with elevated pyrogens and inflammatory proteins seen in
DEX fit with cytokinopathy being a major contributor to this autoinflammatory disease. In

J Clin Immunol. Author manuscript; available in PMC 2025 January 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Olyhaetal.

Page 14

prior work, differentiation of CD4* T cells of the T helper 17 (Th17) type was increased

in both ELF4-deficient mice and DEX patients and associated with increased recruitment
of neutrophils, a cell type implicated in the pathogenesis of IBD [16,38]. Consistently, in
ascending colon biopsies of human DEX patients P6 and P7, there was also an increase

in IL-17A and RORyT by immunofluorescence compared to human patients with IBD and
healthy controls, and ELF4-mutant or total knockout mice displayed increased inflammatory
responses in colitis models [16]. Additionally, ELF4-deficient myeloid cells have been
shown to be hyperinflammatory and overproduce inflammatory cytokines in response to
various stimuli in a mechanism partly dependent on elevated Trem1 and reduced IL-1Ra,
the endogenous IL-1 receptor antagonist [16]. Sun et al. 2022 also demonstrated that DEX
patient (P9) PBMCs or peripheral monocytes infected with virus produced more IL-6,
IL-1B, and TNFa compared to healthy controls. The role of inflammatory cytokines in the
pathology of DEX is underscored by the efficacy of biologics targeting IL-1, IL-12p40, and
TNFa.

Discovery of DEX has illuminated an anti-inflammatory function of the ELF4 transcription
factor in cells at the mucosal barrier [16,37]. As gastrointestinal and oral mucosa are sites
of constant exposure to pattern recognition receptor (PRR) ligands from microbes, these
sites being most affected in DEX patients fits with the function of ELF4 in promoting
immune homeostasis at the mucosal barrier. However, a contribution of ELF4 in regulating
the epithelial barrier is also plausible and requires further study [53,54]. Work is ongoing
to elucidate the role of ELF4 as a transcriptional regulator of inflammation in immune cells
and how variants in £LF4 lead to the inflammation seen in patients with DEX. Additionally,
ELF4 could be playing a role in T regulatory cells, in which it is highly expressed [22],
further contributing to immune dysregulation. Although ELF4 has been reported to be
associated with other human immunological phenotypes, the associated variants (p.T187N
[55] with a MAF of 1.15 x 107 and CADD score of 23.1 and p.S369P [56] with a MAF of
3.82 x 107> and a CADD score of 13.77) do not result in complete loss of ELF4 activity or
cause disease consistent with DEX (Tyler et al., 2021 and unpublished).

During symptomatic flares, some patients have neutrophilic leukocytosis and
thrombocytosis, as is well established in IBD flares and other acute inflammatory or
reactive processes. Neutrophilic infiltration of inflamed mucosa was previously observed

in colon and cheek biopsies from DEX patients, and the neutrophilia normalized in P6 upon
treatment with anakinra and subsequently canakinumab [16]. It is unclear if intermittently
decreased percentages of NK cells and class-switched memory B cells seen in some patients
are due to cell-intrinsic or - extrinsic effects of £LF4 mutations in these immune cell types.
Low peripheral NK cell numbers have been observed in pediatric patients with clinically
active IBD [57], yet ELF4 has previously been shown in mouse models to be necessary

for the development of NK cells and the expression of perforin, with ELF4-deficient mice
showing both a reduction in the number of NK-T and NK cells and lower cytotoxicity [35].
These mice also displayed normal B cell development but a greater proliferative response
of splenic B cells after lipopolysaccharide (LPS) treatment [35]. Despite intermittently
decreased class-switched B cells seen in some DEX patients, only three DEX patients

were reported to have suboptimal vaccine responses, and no patients have decreased
immunoglobulin isotypes. However, we are lacking detailed information on class-switched
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B cells and vaccine responses for most DEX patients. Moreover, the infections seen in some
DEX patients prior to the initiation of immunomodulatory therapy are from various classes
of pathogens, do not indicate a clear immunodeficiency due to loss of £LF4, and may be
related to other underlying factors/and or environmental context.

There is evidence of altered type 1 IFN responses in both ELF4-deficient mice and humans
[16,17,37]. Mice lacking ELF4 display increased susceptibility to infection with West Nile
Virus /in vivo due to decreased induction of type 1 IFN responses, not through effects on NK,
NK-T, or cytotoxic CD8* T cells [37]. ELF4-mutant mouse macrophages as well as PBMCs
and peripheral monocytes from DEX patient P9 have also displayed impaired viral clearance
[17]. However, while low IFN-B was seen in the serum of LPS-challenged total ELF4
knockout and W250S mice (analogous mutation to P6 & P7) [16], virally-infected PBMCs
and peripheral monocytes from P9 and macrophages from analogous point-mutant mice
surprisingly produced more type 1 IFNs compared to healthy controls and wildtype mice
[17]. The exact role that £LF4 plays in regulating interferons requires further investigation,
and its role in viral susceptibility in particular may become clearer as more DEX patients are
identified.

Clinical management of patients with DEX should be individualized based on the
manifestations of each patient, with longitudinal evaluation of gut inflammation, oral

ulcers, skin inflammation, and arthralgias. Short courses of steroids seem to be effective

in the management of symptomatic flares, especially in resolving oral ulcers, but care
should be taken in children to monitor adverse effects of prolonged glucocorticoid
treatment. For longer-term maintenance, several DEX patients have been treated with
therapies (aminosalicylates, thiopurines, methotrexate, apremilast, colchicine, thalidomide,
and calcineurin inhibitors) often used in IBD and Behget’s syndrome, with varying levels of
response. Treatment with anti-IL-1p (canakinumab), anti-1L-12/23 p40 (ustekinumab), and
anti-TNFa (adalimumab and infliximab), have proven effective in reducing inflammation,
with some patients achieving symptomatic remission. Most patients (eight) have been
treated with anti-TNFa biologics thus far, and they have been well-tolerated. For several
DEX patients, ESR and/or CRP values appear to track with episodic symptomatic flares

and also decrease upon treatment, making these helpful markers for monitoring disease
severity. Stool calprotectin levels are correlated with disease severity in IBD and used

to monitor response to treatment [58—61]. Stool calprotectin was found to be elevated in
patients P5, P6, and P12 before substantial treatment. Patients P1, P3, and P7 had normal
levels while undergoing treatment, while levels in P5 fluctuated greatly during treatment and
are now trending downward. It is currently unclear whether stool calprotectin functions as an
effective biomarker in evaluating the response of patients with DEX to treatment, as we only
have longitudinal data for P5. Data are lacking on the effects of £LF4 variants as patients
with DEX age, as all currently known patients are younger than 25 years of age. Disease
progression should be monitored to identify manifestations that may present later in life.

Overall, compilation of clinical features from fourteen identified patients with DEX reveals
that loss-of-function mutations in £LF4 lead to a disease with overlapping features of,
though distinct from, IBD and Behcet’s syndrome. As more patients are identified, larger
cohort studies can further characterize immune cell subsets and the extent/nature of
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inflammation in order to identify clinical or laboratory biomarkers that can reliably predict
disease severity and follow DEX patients longitudinally. More effective targeted therapies
may be identified as the mechanism by which £LF4 mutations lead to the symptoms seen in
DEX are elucidated.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Deleterious ELF4 mutations in patients with DEX.
(a) Schematic diagram of ELF4 protein indicating the location of each known variant.

Numbers indicate amino acid position. ETS, ETS DNA binding domain; NLS, nuclear
localization sequence indicated by blue bars. (b) Pedigrees from four families with five
newly reported patients with DEX (P1-P5). Square, males; circles, females; diamond, sex
unknown; WT, wild-type; X, X chromosome; Y, Y chromosome; red, £LF4 variants with
protein change indicated; ?, genotype unknown (¢) Amino acid sequence alignment of ELF4
ETS domains across species and ETS domains from related proteins in other species (lower
panel), with residues mutated in patients with DEX highlighted in red. Red text above
sequences indicates DEX variant. (d) Combined annotation-dependent deletion (CADD)
scores (GRCh37-v1.6) versus minor allele frequency (MAF) for ELF4 variants in DEX
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patients (highlighted in red, with protein change indicated) as compared with £LF4 variants
present in males with a MAF cutoff of > 10~ from the gnomAD database (v2.1.1). (e)
Activity of ELF4 variants (protein change indicated) ectopically overexpressed in 293T
cells co-transfected with a transcriptional luciferase reporter. WT, wild-type. Data shown
are from 3 pooled independent experiments + s.d. Statistical analyses were performed using
two-tailed, unpaired Student’s #test. ****, £<0.0001. (f) Immunoblot for myc-tagged £LF4
and pB-actin in 293T cells overexpressing £LF4 variants used in luciferase reporter assay.
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Figure 2: Clinical symptoms and laboratory findings in DEX.
Representative images of skin inflammation on the arms (a & b) and foot (c) of P3, and

the leg of P5 (d). Highest recorded (e) ESR and (f) CRP values reported for P1, P3, P4, P5,
P6, P7, P8, and P9. Mean with SEM is shown, with shaded gray region in (e) indicating the
most conservative normal range for ESR (< 28 mm/hr). Shaded gray region in (f) indicates

a normal range of < 3mg/L for CRP. Exact reference ranges vary by age and laboratory.

(9) Immunophenotyping of peripheral blood mononuclear cells (PBMCs) by mass cytometry
(CyTOF) from DEX patients P1, P6, and P8 and sex-matched healthy pediatric controls.

Cell subset frequencies are shown as a percentage of each patient’s total live PBMCs along
with mean and SEM. Populations between HC (n = 6) and DEX (n =3) patients were not
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statistically significant. Treg, T regulatory cell; NK, natural Killer cell; DC, dendritic cell;
ILC, innate lymphoid cell.
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Figure 3: Clinical and immunological findings of patients with Deficiency in ELF4, X-linked
(DEX).
Gl, gastrointestinal tract; NK, natural killer cells.
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Table 1:
EL F4 variants in patients with DEX
Mutation -
Patient Inheritance CA?D Traxsim)tlg nal References
Location cDNA Protein score ctivity”
P1 Exon 5 ¢.443delG p.(G148Vfs*113) Maternal | = ------ Loss of function | = -
P2 Exgn 7ETS c.636G>T p.(W212C) Maternal 32.0 Loss of function | = -
omain

Deletion
P3 Exons 2-7 exons 2—7 N/A Unknown | - | e | e

Deletion
P4 Exons 2-7 exons 2-7 N/A Unknown | - | s | e
P5 Bxon T =TS €.700C>T p.(R234X) Maternal 35.0 Lossof function | -eeme

omain

P6 Ex(;)grgaliEnTS €.752G>C p.(W251S) de novo 25.4 Loss of function Tyler et al. 2021
P7 Bxon =TS ¢.752G>C p.(W251S) Maternal 25.4 Loss of function Tyler et al. 2021
P8 Exon 8 €.1015delG p.(A339Pfs*32) Maternal | = ------ Loss of function Tyler et al. 2021
P9 Bxon T =TS ¢.691T>C p.(W231R) Maternal 27.8 Loss of function Sun et al. 2022
P10 Bxon TETS ¢.700C>T p.(R234X) Maternal 35.0 Loss of function Sun et al. 2023
P11 Exon 3 ¢.115C>T p.(Q39X) Maternal 36.0 Loss of function Sun et al. 2023
P12 Exon 5 .465delG p.(H1561fs*105) Maternal | = ------ Loss of function Sun et al. 2023
P13 Exggrg a'iEnTS C.743C>T p.(S248F) Maternal 245 Loss of function Sun et al. 2023
P14 Exon 6 €.553C>T p.(R185X) Maternal 36.0 Loss of function Sun et al. 2023
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Table 2:

Clinical manifestations of patients with DEX.

Patient | ratio| P1 | P2 | P3 | P4 | P5 (| P6 | P7T | P8 | P9 | P10 | P11 | P12 | P13 | P14

Age at clinical
presentation (yrs)

Fevers| 913

Oral Ulcers | 11/14

Ulcers in the Gl tract?| 7/8 | NA NA* NA | NA N/A N/A

Weight loss | 13/14

Decreased Appetite | 12/13

Abdominal pain| 8/14

Diarrhea| 7/14

Nausea/Emesis | 4/13

Constipation | 3/13

Skin involvement™ | 8/13 e

Arthritis | 2/14

Arthralgia/Myalgia | 4/12

Infections™ | 6/14 .

Dark blue, affected; light yellow, unaffected; boxes with a diagonal, unknown; N/A, not applicable as endoscopy was not performed.
*
"patient had perianal ulcer (P7, also fissure);

Aok

"eczema thought to be unrelated to DEX;
Ak
'P4 only experiences arthralgia;
"for more details on inflammatory involvement of the Gl tract, refer to the text;

various skin lesions are described in the text;

#4, e .
for specific infections reported, refer to the text and Supplemental Table 1.

Data was not available for all patients.
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Table 3:

Main biological and immunological findings in DEX.

Patient [ratio] P1 | P2 | P3 | P4 | P5 | P6 | P7 | P8 | P9 | P10 | P11 | P12 | P13 | P14

Signs of 1 ESR| 1112
inflammation
tCRP| as
Anemia | 11/13
Mifosen of 1 MCV| o113
anemia Liron| ss
1 ferritin | w4
Thrombocytosis | s
Leukocytosis | e/12
Cell counts Neutrophilia | &8
L NKcells | 7112 L il
| switched =
memory B cells
tserum IgA | 2/13
Immunoglobulins
1 serum IgG | 2113
tserum IL-1B | 27
1 serum IL-6 | s/10
t serum IL-8 | a8
Sanin t serum IL-10 | 2/10
cytokines/ IL-17
che hes t serum IL o5
t serum IL-18 | 24
t serum IFNy | 18 ke
1 serum TNFa| 29

t serum CXCL1| %3

Laboratory findings, including signs of inflammation, markers of anemia, cell counts, immunoglobulins, and serum cytokines/chemokines. All
relative values are reported based on the reference clinical range with the following exceptions: CXCL1 in P6 was measured in a research

setting and is reported relative to values in 6 unrelated healthy controls and the patient’s mother and father; CXCL1 in P8 was measured in a
research setting that is not approved as a diagnostic tool. P5 cytokine measurements were taken while on TNFa blockade therapy. Dark bilue,
affected; /ight yellow, unaffected; boxes with a diagonal, unknown or not evaluated. ESR, erythrocyte sedimentation rate; CRP, C-reactive protein;
MCYV, mean corpuscular volume; Ig, immunoglobulin; IL, interleukin; IFN, interferon; TNF, tumor necrosis factor. Switched memory B cells are

cD19*CD27*1gD ™. Natural Killer (NK) cells are CD561CD3™.

*

"patient intermittently had both increased and decreased frequencies of CD56TCD3™ and CD56TCD3~CD16™ NK cells;
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"patient had increased frequencies and total numbers of CD56+CD3-CD16+ NK cells;

Ak
'patient had increased total numbers of CD56TCD3~CD16™ NK cells once during active inflammation;

Ak Ak
"patient was on infliximab (anti-TNFa.) at the time.

Data was not available for all patients.
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Table 4:

DEX patient treatment regimens

Patient| P1 | P2 [ P3 | P4 | PS5 [ P6 | P7 | P8 [ P9 |P10| P11 |P12| P13 | P14

Steroids ?

Anakinra (IL-1RA) -

/

Canakinumab (anti-IL-1B)

NN

Ustekinumab (anti-IL-12/23) \

£
/
.Q/

NN

Adalimumab (anti-TNFa)

Infliximab (anti-TNFa)

Belimumab (anti-BAFF)

IVIG

N\

Thiopurine

Aminosalicylates

Colchicine

/|
£
AN AN

\
\
Pl
Y
N
Sy
5

NSAIDs| -

Methotrexate ?

2

Apremilast (PDE4 inhibitor)

NN

\
\
N
i
P
s
\
\

NN
//? iV

N
N
\
<

W
/

Pl

Dietary

Dark blue, patient responded to indicated treatment;
4, . ) . o )
patient achieved remission or significant reduction of symptoms;
++
"patient had good clinical response but did not lead to resolution of all symptoms;
+
"patient had mild clinical response but relapsed or could not tolerate treatment;
light yellow with “-* patient did not respond to indicated treatment;
gray boxes with “?”, patient was treated with indicated treatment but response is unknown;

white boxes with a diagonal, patient not treated with indicated treatment.

IL, interleukin; IL-1RA, interleukin-1 receptor antagonist protein; TNFa, tumor necrosis factor a; BAFF, B-cell activating factor; IVIG,
intravenous immunoglobulin; NSAIDs, Non-steroidal anti-inflammatory drugs; PDE4, phosphodiesterase 4.
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