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Hematopoietic stem cell transplantation in an infant

with dedicator of cytokinesis 8 (DOCKS8) deficiency
associated with systemic lupus erythematosus

A case report
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Introduction: DOCK8 deficiency is a primary immunodeficiency characterized by recurrent infections, severe allergic disease, and |

autoimmunity. Here, we report a patient with DOCK8 deficiency that was initially presented as systemic lupus erythematosus (SLE)
without recurrent infections and treated with hematopoietic stem cell transplantation (HSCT).

Patient concerns: A 16-month-old boy with a previous history of eczema developed high fever and hand and foot swelling. Over
time, multiple purpura, oral ulcers, and oliguria developed with a persistent fever. His laboratory findings showed anemia,
thrombocytopenia, and coagulopathy with a high level of C-reactive protein (CRP). No definite pathogens were identified. The
complement fractions C3, C4, and CH50 were low. Autoantibodies including antinuclear antibody (ANA) and anti-ds DNA antibody
were positive. He definitively satisfied the 2015 ACR/SLICC revised criteria for the diagnosis of SLE (7 points out of 16); therefore, he
was treated with a steroid. Lupus nephritis was confirmed by renal biopsy later. Considering the early-onset SLE, partial exome
sequencing was performed.

Diagnosis: One heterozygous missense variant, ¢.5536A>G (p.Lys1846Glu), which was inherited from his father, and
heterozygous deletion of exon 1 to 8 inherited from his mother were found. Through the results of the genetic testing, the patient was
confirmed to have DOCKS8 deficiency.

Interventions: At the age of 28 months, he received haploidentical HSCT from his mother as a donor.

Outcomes: Laboratory findings including complement fractions C3, C4, CH50, anti-ds DNA antibody, and the ANA became
normal after HSCT. Currently, at 12 months post-HSCT, he is doing well, without any autoimmune features or infections.

Conclusions: DOCKS deficiency can be presented as autoimmune disease such as SLE. Encountering a child diagnosed with
SLE at a very young age, pediatricians should consider immunodeficiency syndrome including DOCKS8 deficiency.

Abbreviations: ANA = antinuclear antibody, anti ds DNA = anti-double stranded DNA, aPTT = activated partial thromboplastin
time, BUN = blood urea nitrogen, CBC = complete blood count, CRP = c-reactive protein, DOCK8 = dedicator of cytokinesis 8,
GvHD = graft versus host disease, HIES = hyper-immunoglobulin E syndrome, HLA = human leukocyte antigen, HSCT =
hematopoietic stem cell transplantation, IL = interleukin, INR = international normalized ratio, PT = prothrombin time, SLE = systemic

\

lupus erythematosus, Tregs = regulatory T cells.
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1. Introduction

Dedicator of cytokinesis 8 protein (DOCKS8) deficiency is a
primary immunodeficiency disease caused by loss-of-function
mutations in the DOCKS gene, which is known to play a critical
role in the proliferation, migration, survival, and function of
several cell types in the immune system, especially lymphocytes.!!
DOCKS deficiency is the most common cause of autosomal
recessive hyper-immunoglobulin E syndrome (HIES) and is
mainly expressed as recurrent infections and severe allergic
diseases affecting the skin.!*! In addition, autoimmune features,
including systemic lupus erythematosus (SLE), vasculitis, and
autoimmune hemolytic anemia may be presented in DOCKS8
deficiency.*=!

Autoimmune characteristics in DOCKS deficiency result from
the impairment of regulatory T cells (Tregs) that maintain self-
tolerance by suppressing autoreactive B cells.!®! SLE is one of the
autoimmune disorders and results from the loss of immunologi-
cal tolerance. Therefore, defective Tregs are possible pathogenic
mechanisms of SLE.”? DOCKS$ deficiency might overlap with
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these autoimmune characteristics of SLE via defects in Tregs
function.

Here, we report a case of a 16-month-old boy diagnosed with
DOCKS deficiency that was initially presented as SLE without
recurrent infections. Informed written consent was obtained from
his parents for publication of this case report.

2. Case presentation

A 16-month-old boy was transferred from an outside hospital
because of a high fever and skin rash. He was born via normal
vaginal delivery at 40 weeks of gestation, with a birth weight of
3670g. He was previously healthy except for atopic dermatitis
and a history of suspected viral meningitis at the age of 100 days,
which was resolved without complication. Age-appropriate
vaccination was done without specific adverse events following
the administration of the vaccines, which included the Bacillus
Calmette-Guérin (BCG), measles/mumps/rubella, and varicella
vaccines. His language and motor development were within the
normal ranges. On the day of admission, he had a weight of 11.5
kg (50th—75th percentile) and a height of 81.9cm (50th-75th
percentile).

He was admitted to the outside hospital because of a high fever
of up to 40°C for 3 days. On physical examination, abnormal
findings were not shown other than hand and foot swelling. The
initial complete blood count (CBC), blood urea nitrogen (BUN),
creatinine (Cr), and serum albumin levels were normal. However,
his C-reactive protein (CRP) level was high, at 10.37 mg/dL (the
normal level is < 0.5mg/dL). He was treated with an initial
empiric antibiotic of intravenous cefotaxime. On his third day of
hospitalization, perioral ecchymosis and mild coagulopathy
developed, with a prothrombin time (PT) international normal-
ized ratio (INR) of 1.30, activated partial thromboplastin time
(aPTT) of 67.0seconds, and D-dimer of > 1000ng/mL. No
bacterial or viral pathogens were identified in the initial blood
culture and respiratory viral polymerase chain reaction (PCR),
respectively. Besides, oliguria (urination of 0.5cc/kg/h) devel-
oped, along with persistent high fever and swollen extremities.
He was transferred to our hospital on the sixth day of fever.

On the first day at our hospital, his vital signs were as follows: a
blood pressure of 149/91mm Hg (reference: 86-103/40-55); a
pulse of 189 bpm (reference: 70-160); and a body temperature of
38.2°C. He appeared acutely ill. Generalized edema, oral ulcers,
and multiple purpura, including perioral ecchymosis, were
observed on physical examination (Fig. 1). His blood count

Figure 1. Perioral ecchymosis presentation upon patient’s arrival to our
hospital.
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showed bicytopenia with hemoglobin of 9.5 g/dL, platelet count of
120,000/pL, and white blood cell (WBC) count of 7200/pL, of
which 70.7% were neutrophils, 15.8% were lymphocytes, and
4.8% were eosinophils. Other blood laboratory findings were as
follows: CRP of 11.14mg/dL, BUN/Cr of 3mg/dL / 0.17 mg/dL,
albumin of 2.3mg/dL, PT INR of 1.22, aPTT of 47.8seconds,
fibrinogen of 372mg/dL, D-dimer of 5.82ug/mL, and fibrin
degradation product of 33 pg/mL. The cerebrospinal fluid profile
and urinalysis were unremarkable. Under the impression of serious
bacterial infection, he was given vancomycin (60mg/kg/day,
intravenous) and meropenem (60 mg/kg/day, intravenous) as
empiric antibiotics. However, repeated culture studies showed
no definite pathogens. On the third day, new ecchymosis around his
rightear and forehead developed, and a high spiking fever persisted.

To exclude other etiology of fever of an unknown origin, a
peripheral blood smear, bone marrow examination, and bone
scan were done, which showed no specific abnormalities
suggesting malignancies. The immunoglobulin (Ig) G, M, and
A levels were normal [at 969 mg/dL (normal: 345-1236), 242 mg/
dL (normal: 43-207), and 74.3mg/dL (normal: 14-159),
respectively]. However, the immunoglobulin E (IgE) level was
high, at 1679kU/L (normal: 0-230), and the complement
fractions C3, C4, and CHS50 were low, at 80.0 mg/dL (normal:
77-195), 6.7 mg/dL (normal: 7-40), and 13.3 U/mL, respectively.
The antinuclear antibody (ANA) was positive, at 1:320 with
homogenous fluorescence, and the anti-double stranded (anti-ds)
DNA antibody was also positive, at 10.8 [U/mL. The tests for
anti-SSA, anti-SSB, anti-ribonucleoprotein, anti-scleroderma 70,
and anti Jo1 antibodies were all negative.

Two weeks after he was hospitalized, leukopenia developed,
and thrombocytopenia became worse, along with the persistent
fever. The complement fractions were decreased to 37.9 mg/dL of
C3, < 1.5mg/dL of C4, and under 10.0U/mL of CHS50,
respectively. The ANA titer increased to 1:1280 with homoge-
nous fluorescence, and the anti-ds DNA antibody level increased
to 84.41U/mL. The lupus anticoagulant and anticardiolipin
antibody were all positive, while other autoantibodies were all
negative. To control the fever, he was started on naproxen on the
30th day of fever, and his fever subsided from 32nd day of fever.
He definitively satisfied the 2015 American College of Rheuma-
tology (ACR)/Systemic Lupus Erythematosus International
Collaborating Clinics (SLICC) revised criteria for the diagnosis
of SLE (7 points out of 16); therefore, he was treated with a
steroid (methylprednisolone, 2mg/kg/day, intravenous). The
anti-ds DNA antibody level and complement fractions were
improved after steroid therapy, and his fever did not recur.

Approximately 1 week after starting steroid treatment, his
steroid dose was reduced to 1.0 mg/kg/day, orally. Two weeks
after the first dose reduction, his steroid dose was again reduced
to 0.5 mg/kg/day. However, at this point, his fever returned, and
his anti-ds DNA antibody titer increased. Accordingly, his steroid
dose was increased to 1.0 mg/kg/day, and his fever disappeared.
One week later, fever, the swelling of the hand and foot, and
proteinuria (Urine Protein/Creatinine ratio of 0.484 mg/mg)
appeared again. A renal biopsy confirmed the diagnosis of lupus
nephritis (focal lupus nephritis, class III). Transthoracic echo-
cardiography showed vegetation in the tricuspid valve, which
was thought to be indicative of Libman-Sacks endocarditis. He
was treated with intravenous methylprednisolone (1.0 g/m?) for 3
days, followed by cyclophosphamide (500 mg/m?). Then, steroid
(deflazacort), mycophenolate mofetil, and cyclosporin were used
for his SLE, and the disease was well controlled.
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Figure 2. Clinical course of therapeutic drugs and symptoms associated with hyper IgE syndrome; hematopoietic stem cell transplantation resulted in the
resolution of symptoms and laboratory findings of systemic lupus erythematosus and hyperimmunoglobulin E syndrome.

Considering the early-onset SLE, partial exome sequencing for
4813 OMIM genes was performed in his peripheral leukocytes.
Exomes were captured using the TruSight One Panel (Illumina
Inc.), which enriches a 12 Mb region spanning 4813 genes.
Sequencing was performed using the NextSeq platform (Illumina
Inc.). Sequence reads were aligned to the reference genome, hg19,
using a Burrows—Wheeler aligner (BWA) (v0.7.12, MEM
algorithm). The mean depth of coverage was 90x (> 10x =
98%). One heterozygous missense variant, c.5536A>G (p.
Lys1846Glu), was found, which was inherited from his father.
This variant was not reported previously. The mutation was
confirmed using in silico prediction tools, such as PolyPhen-2
(http://genetics.bwh.harvard.edu/pph2, score 1.00) and SIFT
(http://sift.jcvi.org, score 0.00). This variant has been classified
as likely to be pathogenic, according to the American College of
Medical Genetics and Genomics (ACMG).!®! To rule out the
possibility of a large exonic deletion of DOCKS, multiple
ligation-dependent probe amplification (MLPA) analysis (P385-
A2, MRC Holland, Amsterdam, the Netherlands) was done in
the peripheral leukocytes of both the patient and his parents,
which revealed a heterozygous deletion of exon 1 to 8 in the
patient and his mother. Through the results of the genetic testing,
he was confirmed to have DOCKS deficiency.

At the age of 22 months, when the patient’s anti-ds DNA
antibody titer and complement levels were normal as a result of
the use of immunosuppressants, he newly experienced skin and
soft tissue infections and bacteremia caused by Pseudomonas
aeruginosa and received cefepime (60 mg/kg/day, intravenous).
From that point, he experienced skin and soft tissue infections
several times, which is compatible with ecthyma gangrenosum.

At the age of 28 months, he received haploidentical
hematopoietic stem cell transplantation (HSCT) from his mother
as a donor, with a non-myeloablative conditioning regimen that

included antithymocyte globulin, thiosulfan, and fludarabine.
WBCs were grafted on the 10th day following HSCT, and no
significant HSCT-related morbidity, including graft versus host
disease (GvHD), occurred during a follow-up period of 1-year
post-HSCT. At 1 month post-HSCT, the complement fractions
C3, C4, and CHS50 were normal, at 113.0 mg/dL, 22.7 mg/dL,
and 51.2U/mL, respectively. The ANA was positive at 1:160,
with homogenous fluorescence, and the anti-ds DNA antibody
level had decreased to 13.0. The IgE level was high, at 526 kU/L.
However, the anti-ds DNA antibody normalized at 3 months
post-HSCT, and the ANA and IgE became normal at 6 months
post-HSCT. He had 20% and 33% donor T-cell chimerism at 3
months and 6 months post-HSCT, respectively. Currently, at 12
months post-HSCT, he is doing well, without any autoimmune
features or recurrent infections (Fig. 2).

3. Discussion

The DOCKS gene, which is located at chromosome 9p24.3,
encodes a member of the DOCK family of proteins.”! DOCK
family proteins are involved in chemical signaling within cells,
and this signaling affects the arrangement of the cytoskeleton. By
controlling the structure of the cells, DOCK family proteins help
cells maintain their structure and move to their target site.
DOCKS8 protein is most abundant in immune system cells,
especially T cells, NK cells, and B cells. Therefore, the DOCK8
gene plays a critical role in the survival and function of immune
system cells.'0~12!

Generally, DOCKS deficiency is characterized by a combina-
tion of immunodeficiencies, including recurrent respiratory or
skin infections at a young age. Allergic diseases, malignancies, or
autoimmunity could appear as the main features.!! SLE
autoimmunity has been reported in 2 patients.** The first
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patient presented with recurrent skin abscesses and sinusitis in
early childhood. At the age of 4 years, she had an episode of
pneumonia with pneumatocele and was diagnosed with HIES.
She developed biopsy-confirmed glomerulonephritis and revealed
a positive ANA, indicating the presence of SLE. The second
patient with eczema from the age of 8 months was diagnosed with
HIES at the age of 33 months through tests performed because of
frequent infections. She also had chronic cutaneous lupus, ANA
positivity, and antiphospholipid antibody positivity. In our case,
the patient had a history of atopic dermatitis without any severe
infections until 16 months of age, when he presented with SLE as
the first symptom of DOCKS8 deficiency. Palpable purpura, oral
ulcers, leukopenia, thrombocytopenia, high titer fluorescent
ANA with a homogenous pattern, anti-ds DNA positivity, and
low serum complement in his evaluation met the “2015 ACR/
SLICC Revised Criteria for Diagnosis of Systemic Lupus
Erythematosus.”

In DOCKS8-deficient patients, the number and the suppressive
activity of Tregs, which are responsible for immune tolerance, are
decreased. These defective Tregs increase the peripheral B cell
autoreactivity and enhance the ability of B cells to produce
autoantibodies to self-antigens.'®! There are several mechanisms
by which DOCKS deficiency may impact Treg cell function. It has
been suggested that Tregs defect in DOCKS deficiency occurs
through the breakdown of their interaction between the Wiskott—
Aldrich protein (WASP) and WASP-interactin protein (WIP), or
the activation of STAT3.!">!*! Recently, it has been shown that
DOCKS regulates the suppressive activity of Treg cells through
interleukin (IL)-2 in STATS signaling.!"*! As observed in DOCKS$
deficiency, defective Treg cells play a role in the pathogenesis of
SLE. Treg defects in SLE are also associated with IL-2 deficiency,
as well as with dysregulation of tumor necrosis factor-alpha
(TNF-a), major histocompatibility class II and III, and comple-
ment components. !¢

Since the discovery of the DOCK8 mutation in 2009 as one of
the causes of the autosomal recessive form of HIES, genetic
evaluation has been conducted to confirm the cause of HIES, and
novel mutations in DOCKS have been reported. Our patient’s
genetic analysis through gene sequencing identified ¢.5536A>G
in exon 43. This sequence variant, ¢.5536A>G, predicts an
amino acid change of lysine to glutamine at codon 1846 of the
DOCKS protein (p.Lys1846Glu). This sequence variant is of
unknown significance, as it has not yet been shown that this
mutation alters DOCKS8 protein expression. However, this
variant was classified as “likely pathogenic,” which provides
enough evidence that physicians can use the information in
clinical decision making when combined with the presence of
other evidence of the disease.!®!

Allogeneic HSCT is a fundamental treatment of autoimmune
disease and primary immune deficiency, and it has been reported
as curative in DOCKS deficiency.''”" HSCT should be considered
as early as possible to prevent life-threatening infections,
nonreversible parenchymal organ damage, and complications
related to autoimmune disease therapy. Reports of the successful
treatment of DOCKS deficiency through HSCT from human
leukocyte antigen (HLA)-matched siblings or unrelated donors
have been published.!'®2°! More recently, HSCT from haploi-
dentical related donors using post-transplantation cyclophos-
phamide has been found to be effective in patients with DOCKS8
deficiency who lack a fully HLA-matched donor. Ghosh et al*!!
and Shah et al'?! reported success in haploidentical HSCT using
both Treg depletion and post-transplant immunosuppressants
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for preventing GvHD. Our patient underwent haploidentical
HSCT successfully using a non-myeloablative conditioning
regimen without post-transplantation immunosuppressants.
Although HSCT cures infection susceptibility and eczematous
dermatitis,"*?! it remains undetermined whether HSCT cures the
autoimmune complication in DOCKS deficiency. However, our
patient has lived for 1 year after HSCT without any recurrence of
his autoimmunity. It is necessary to confirm the usefulness of
haploidentical HSCT in DOCKS$ patients and the curability of
autoimmunity via continuous follow-up evaluations after HSCT
from all types of donors.

4. Conclusion

DOCKS deficiency can be presented as autoimmune disease such
as SLE. When a child is diagnosed with an unusual early-onset
SLE, pediatricians should suspect other immunodeficiency
diseases. Besides, HSCT can be considered as an attractive and
promising option for the treatment of DOCKS8 deficiency with
autoimmune features.
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