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Abstract

Discoid lupus erythematosus (DLE) is known to be associated with chronic granulomatous
disease (CGD);"but most DLE occur in female carriers of X-linked CGD, with few reports of
these lesions among CGD-affected individuals — this observation is unexplained. We
describe two cases of DLE-like lesions in boys with CGD, one boy with partial neutrophil
function, and another whose lesions were related to voriconazole use. Reviewing other
previously réported cases, we conclude that the risk of developing DLE-like lesions appears
to be increased"primarily in two subsets of the CGD population: those with partial
neutrophil function and those with near-absent neutrophil function where there is a second
trigger. In theslight of recent literature on the role of neutrophils in lupus pathogenesis, we
propose thatspathogenesis of DLE in CGD may indeed relate to NETosis, neutrophil
dysfunction and deficiency of reactive oxygen species, influenced also by medications such

as voriconazole.
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Main text

Chronic granulomatous disease (CGD) is a rare hereditary primary immunodeficiency,
caused by a defective nicotinamide dinucleotide phosphate (NADPH) oxidase complex,
which is required for phagocytes to synthesize microbiocidal reactive oxygen species (ROS).
This defect leadsto recurrent bacterial and fungal infections, as well as granuloma
formation. A'number of gene defects have been identified, with the X-linked form
comprising'atleast 70% of CGD cases, involving a deficiency in the gp91-phox (CYBB) protein
of NADPH oxidasel' Four autosomal-recessive forms have been described, each involving

different components of NADPH oxidase. 2

In additiontorinecreased susceptibility to infection, patients with CGD are also predisposed to
a variety ofsinflammatory and autoimmune conditions.' Discoid lupus erythematosus (DLE)
without other organ involvement has been observed, mostly in female carriers of X-linked
CGD,*” with fewer reports of these lesions in affected individuals.”  This apparent
increased risk of DLE in carriers and some affected individuals is unexplained. We describe
two caseswof:DLE=like lesions in boys with CGD and refer to previous reports of similar cases,
to identify people'at higher risk of developing CGD-related DLE. We then explore
implications, in the context of recent research findings, for a potential role of neutrophils in

DLE pathogenesis.

Case reports
Patient 1

This Caucasian'boy has the rare p40-phox (NCF4) deficient form of autosomal-recessive CGD
confirmed BA'genetic testing, with only one other patient reported with this genotype.” He
developediphotosensitive erythematous plaques on his face from the age of 6 months
(Figure 1), whichiater extended to his limbs and trunk. Recurrent mouth ulcers began at the
age of 2. This was followed by lip swelling and anal fissures at age 3, which persisted into his

teenage years. His medical history was also significant for recurrent staphylococcal
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infections including styes and nasal crusting, as well as annual lower respiratory tract

infections.

Skin biopsies taken from chest and lower leg plaques (Figure 2) showed epidermal thinning,
hyper- and’parakératosis, with apoptotic keratinocytes and moderate focal vacuolar
changes in the basal layer, with no basement membrane thickening. There were also dermal
perivascularand periadnexal lymphocytic infiltrates, and mucin deposits between reticular
dermal collagen bundles. Direct immunofluorescence (DIF) showed weakly positive staining

for IgM and_strongly positive staining for C3 along the basement membrane.

His discoid plaques resolved with hydroxychloroquine, topical corticosteroids and sun
protection.'Serial dihydrorhodamine oxidation (DHR) test performed between ages of 15
and 18 years, revealed between 23-90% functional neutrophils (control >90%). His ENA,
ANA and dsDNA were consistently negative or weakly positive. No relatives had a history of

similar skinichanges.
Patient 2

This Caucasian boy had recurrent bacterial and fungal infections during his first two years of
life, including'recurrent otitis media, oral thrush, urinary tract infections, impetigo and
osteomyelitis. He also suffered from recurrent esophagitis and esophageal strictures due to
granulomata. DHR test showed 0.05% functional neutrophils, while his mother had 60%
functional neutrophils on nitroblue tetrazolium test (NBT), consistent with X-linked CGD. He
was commehnced’on prophylactic co-trimoxazole from the age of 18 months, subcutaneous

gamma-interferon from the age of 3 years, and prophylactic itraconazole at age 12 years.

At age 157hepresented to the dermatology unit with a forearm plaque, with biopsy
confirming aspergillus infection with granuloma. He was subsequently commenced on
voriconazole, and.within 3 weeks he developed erythematous plaques and pustules on his
face, neck.and upper chest (Figure 3). This eruption resolved a month after voriconazole was
ceased, without further intervention. His ANA, ENA and dsDNA were negative. His mother

and female relatives reported no history of skin eruptions.
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Skin biopsies taken (Figure 4) showed prominent vacuolar change along the basal layer and
apoptotic keratinocytes in the epidermis, without basement membrane thickening. There
was perivascular and periadnexal lymphoid infiltration in the dermis. DIF showed minimal

deposits of IgM and C3 along the basement membrane.

Discussion

Both our patients'had lesions clinically resembling DLE, with histological features supporting
but not entirely classical for DLE, and without ANA positivity or other evidence of systemic

lupus erythematoesus (SLE). Over the past 40 years, there have been reports of 51 other CGD
patients or carriers with similar DLE-like lesions, most with some histological features of DLE

311 We note that these lesions tend to occur in a subset of the CGD

but negative DIF.
population — 40 were female carriers of X-linked CGD,>” five were individuals with
autosomal-recessive CGD,’ three were related to voriconazole use (two of these patients
had X-linked:GGD).” '° Despite X-linked being the commonest form of CGD, there have only
been three reports of X-linked CGD patients developing DLE-like lesions without any

identified trigger.> **

Whilst it'has'been contended that these dermatoses are pathologically separate from DLE
due to predominantly negative DIF,® in the absence of definitive distinctions between the
two skin conditions, they may still be considered to be in the same spectrum of disease,
given their/similar clinical presentation of erythematous plaques on sun-exposed skin. DLE is
the most common form of cutaneous lupus erythematosus, and its pathogenesis is not fully
understood.lt.is.thought that stimuli such as ultraviolet (UV) light induce keratinocyte
apoptosisyupregulating release of cytokines such as interferon, TNF-alpha, IL-6, IL-10 and IL-
17 and increasingexpression of autoantigens such as Ro52 and Ro60. This further
encourages keratinocyte apoptosis, impairs phagocytosis and leads to formation of anti-
Ro/SSA antibodies.* These circulating autoantibodies form immune complexes that deposit
along the basement membrane, as well as inhibit macrophage clearance of apoptotic debris,
further contributing to persistent inflammation, while dysregulation of T cells and dendritic

cells have also been implicated."?
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In CGD patients, abnormal neutrophil apoptosis and impaired clearance of apoptotic cells
may play a role in the development of DLE. CGD neutrophils have diminished or delayed
exposure of phosphatidyl serine (PS) on their surface, which results in delayed apoptosis,
with release of apoptotic blebs containing immunogenic chromatin that in turn stimulate
auto-antibody production via helper T cell and B cell activation.”®*> Non-functional NADPH
oxidase and consequent deficiency of ROS also impair clearance and degradation of

immunogenic.apoptotic material by phagocytes.la’ 16

Anti-inflammatoery mediator production is also reduced in CGD, with both neutrophils and
macrophages.found to have impaired production of prostaglandin D,,while macrophages
also have defidiencies in producing transforming growth factor-B.™ Lack of ROS have also
been hypothesized to alter cellular signaling among phagocytes and T cells, contributing to

the hyperinflammatory response.*®

However, factors discussed above do not explain the many reports of DLE among female X-
linked CGD carriefs, who have reduced numbers of functional neutrophils due to random X-
chromosome inactivation, but no absolute deficiency, unlike most affected males.’ With the
abnormaliapoptosis theory alone, one would expect carriers to have a lower incidence of
DLE than affected males, due to lower proportions of dysfunctional neutrophils. Two
authors have demonstrated correlation between worsening neutrophil impairment and
increased DLE severity among female carriers of X-linked CGD.* > While this relationship was
not as well established in another study,6 overall there may be an association between DLE

and having'small; but not negligible, numbers of functional neutrophils.

More recently, the process of NETosis has been implicated in lupus pathogenesis. It has
been shown:thatssome activated neutrophils undergo NETosis, an alternative pathway of
cell death where their nuclear, cytosolic and granular materials are released in long
chromatin filaments, or neutrophil extracellular traps (NETs). In contrast to apoptosis,
neutrophils undergoing NETosis do not display molecules such as PS before plasma

membrane disruption, thus preventing early clearance by phagocytes."

Several authors have proposed that NETs are highly immunogenic triggers for autoimmunity,

serving as a source of autoantigens, activating dendritic cells, which in turn amplify
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interferon-alpha production and stimulate T cells that subsequently activate B cells to

14, 18, 19

produce autoantibodies. It has been described that induction of autophagy and

production of ROS by NADPH oxidase is the main pathway for initiating NETosis, and that

18, 20, 21

neutrophils with non-functioning NADPH oxidase have impaired NETosis. However,

ROS-independent mechanisms of NETosis have been reported, and it is possible that CGD

. . - . 17,1
neutrophils release NETSs in response to some stimuli.” *®

Converselypa report of lupus-prone mice showed similar lupus exacerbation associated with
absolute and,preportional deficiency in NADPH oxidase activity, which was interpreted by
the authorsas.evidence against NETosis in lupus pathogenesis.22 However, other
consequences/of ROS deficiency were not considered and the generalizability of their
findings is unclear. In particular, it is worth noting that much of the data investigating the
immunogenic role of NETs relates more to SLE and lupus nephritis, rather than DLE. The
exact role of'ROS"on NETs formation requires clarification, as does their respective and
combined rolesiinthe complex pathways associated with apoptosis, autoantigen processing

23,24

and autoantigen clearance. Furthermore, how each of these processes contribute to

pathogenesis of CGD-associated DLE is unclear.

Our first caseshad a reduced proportion of functional neutrophils, but not an absolute
deficiency. A much greater proportion of individuals with autosomal-recessive CGD have
significant residual ROS production, compared to those with X-linked CGD, which is
commonly associated with near-absent neutrophil function.” Development of DLE in this
first case may. befrelated to some functional neutrophils releasing NETs in the setting of
many dysfunctional neutrophils, both contributing to the release and persistence of

autoantigens, as well as ongoing inflammation (Figure 5).

Our second case had an absolute deficiency of functional neutrophils, but the development
of DLE-like lesions was directly related to voriconazole, the fourth such case reported.g' 10
Voriconazele-related DLE has only been reported once outside the CGD population.?® The
hepatic metabolite of voriconazole and its UVB photoproduct photosensitize keratinocytes
to UVA (not UVB), induce ROS and so cause DNA damage.?’ Although voriconazole-induced
photosensitivity in children is well described,?® its role in triggering DLE in X-linked CGD and

its effects on neutrophil function remain unknown.
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In conclusion, these two CGD patients are amongst the few index cases to develop DLE-like
lesions. We propose that the risk of developing DLE-like lesions is increased in two distinct
subsets of the CGD population — individuals with a proportion of functional neutrophils,
including many X-linked CGD carriers and autosomal-recessive CGD patients, and those with
near-absent neutrophil function in the setting of a second trigger such as voriconazole. The
pathogenesis of DLE in CGD may be critically related to NETosis, neutrophil dysfunction, ROS
deficiengy and.in.some cases, the use of medications such as voriconazole. Further work is

required to.clarify, the pathogenic mechanisms.
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Figure legends

Fig 1. Photosensitive plagues on face of patient 1.

Fig 2. Histopathology of discoid lupus erythematosus-like lesions of patient 1. Haematoxylin
and eosin stain, 200x magnification. a) epidermal parakeratosis, b) vacuolar changes in basal

layer, c) perivascular lymphocytic infiltrate
Fig 3. Pustules and plaques on face, neck and chest of patient 2.

Fig 4. Histopathology of discoid lupus erythematosus-like lesions of patient 2. Haematoxylin
and eosin stain, 200x magnification. a) vacuolar changes in basal layer, b) perivascular

lymphocyticinfiltrate

Fig 5. Hypothesized pathogenesis of discoid lupus erythematosus (DLE) in chronic
granulomatous:disease (CGD). Some CGD patients & carriers have a proportion of functional
neutrophils that are capable of undergoing NETosis, while other non-functional neutrophils
undergo delayed apoptosis — both processes contribute to release and persistence of
autoantigens'that activate the adaptive immune system, leading to formation of immune
complexes. Impaired phagocytosis due to lack of reactive oxygen species (ROS) and reduced
production of anti-inflammatory mediators by neutrophils and macrophages also play a role.
The mechanism:of voriconazole-related DLE in CGD is unclear, and may be related to its

photosensitizing effects, induction of ROS and DNA damage.
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