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To the editor,

X-linked reticulate pigmentary disorder (XLPDR) is a very
rare inherited disease with prominent skin hyperpigmentation
and multiorgan involvement dominated by autoinflammatory
manifestations in the eyes, the urinary tract, and recurrent
infections, particularly in the respiratory tract. In 2016, the
causative genetic mutation for XLPDR was located to the
POLAI gene, which encodes the catalytic subunit of DNA
polymerase Al [1]. An intronic POLAI mutation (c.1375-
354A>QG), causing altered POLAI gene splicing, leads to re-
duced transcript and protein levels. It has been demonstrated
that POLAL1 deficiency is directly linked to the activation of
type I interferons (IFNs) and upregulation of interferon-
stimulated genes (ISG), classifying XLPDR as an
interferonopathy [1]. In affected males, the disease typically
manifests in the first months of life with failure to thrive,
recurrent pneumonias, persistent diarrhea in infancy, and pa-
thognomonic diffuse hyperpigmentation and characteristic fa-
cies [2].

The patient described here was born in 2008 into a
Caucasian, non-consanguineous family via spontaneous vag-
inal delivery at term. The index patient has two older, healthy
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brothers and healthy parents. His mother lacked pigmentary
changes along Blaschko’s lines. At the age of four weeks, he
was admitted to the hospital due to low weight for age (Fig.
S1). During the admission, he developed mild bloody diar-
rhea. All laboratory tests performed at that time (blood count,
electrolytes, liver parameters, clotting time, thyroid function,
viral serologies, screening for inborn metabolic disorders,
stool screenings for malabsorption, and infections) were with-
in reference ranges. The hypothesis of a cow’s milk protein
allergy was made, the formula was swapped to an amino acid
based one, the symptoms resolved, and the patient started to
gain weight. Since the age of six months, his weight follows
percentiles 3—15 (Supplementary Fig. 1). On clinical exami-
nation during the hospitalization, a mild muscular hypotonia
was noticed and further tests (MRI of the head, abdominal
ultrasound, EEG, and referral to the ophthalmologist) were
arranged—all with normal results. Neuropediatric follow-up
was arranged due to the mild muscular hypotonia but was
stopped at the age of 2 years because a normal development
was objectified. Over the next years, the patient suffered from
recurrent otitis media, sinusitis, and several pneumonias.
Despite the performance of an adenoidectomy,
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tympanocentesis, and dacryocystorhinostomy at the age of
four, a purulent obstructive rhinosinusitis persisted. Primary
ciliary dyskinesia was excluded by biopsy, and no disease-
associated mutations were detected in the cystic fibrosis
(CFTR) gene. Skin prick testing for allergies was negative.
After re-adenoidectomy and infundibulotomy, a local symp-
tomatic treatment was continued until today.

In addition to the respiratory symptoms, the patient suf-
fered from recurrent abdominal pain and intermittently diar-
rhea since the age of 18 months. Several abdominal ultra-
sounds and stool laboratory tests (including calprotectin) did
not reveal any abnormal findings at first. Fecal calprotectin
was elevated for the first time (595 pg/g, reference < 100 pug/
g) at the age of 4 years. A panendoscopy at that time demon-
strated only mild rectal Paneth cell metaplasia. After an initial
good response to mesalazine, abdominal pain re-occurred at
the age of 7 years. Gastrointestinal biopsies now demonstrated
increased intraepithelial apoptosis and eosinophilic inflamma-
tion, most pronounced in the ascending colon, requiring sys-
temic steroids (Fig. 1d). The dermal appearance (upswept
hairline and hyperpigmentation in the periorbital region,
around the shoulders, and on the trunk, Fig. 1a), combined
with recurrent airway infections plus inflammatory bowel dis-
ease suggested the possibility of XLPDR which was first con-
sidered at the age of 6 years. The previously described
disease-causing hemizygous c.1375-354A>G POLAI muta-
tion was confirmed in February 2019 by targeted sequencing.

Following the molecular confirmation of XLLPDR, a compre-
hensive immunologic evaluation was performed: serum immu-
noglobulins including IgG subclasses were within reference
values for age (Table 1). NK cell count was slightly low in
absolute numbers, while total B and T cell numbers were normal.
B and T cell subpopulations were normal for age, and the oxi-
dative burst test (DHR123) revealed normal neutrophil burst ac-
tivity (Table 1). It has been recently demonstrated that NK cells
are dysfunctional in patients with XLPDR [3]. Therefore, the NK
cell phenotype and function in the XLPDR patient were evalu-
ated compared to a simultaneously recruited healthy (adult) con-
trol and an adult patient with recurrent infections with possible,
but not yet further evaluated primary immunodeficiency (Disease
control). The relative proportion of immature CD56" NK cells
was 2-fold elevated compared to the two controls (Fig. S2), in
keeping what has been described in other XLPDR patients [3].
NK function was assessed flow cytometrically by measuring
intracellular IFN-y and CD107a in response to receptor-
dependent (K562 cells) and receptor-independent (PMA/
ionomycin) activation (Fig. 1b). The XLPDR patient showed a
specifically reduced NK cell response to receptor-dependent ac-
tivation (Fig. 1b).

Since POLAL1 converts immune-stimulatory RNA into more
inert RNA/DNA hybrids, XLPDR is associated with increased
interferon formation and augmented interferon-stimulated gene
(ISG) expression. ISG expression was first measured in

Fig. 1 (a) Image displaying hyperpigmentation, upswept hair, and flared P>
eyebrows in the patient with XLPDR. (b) PBMC of the patient with
XLPDR, a healthy control or a patient with recurrent infections of not
yet determined cause (Disease control) were stimulated in vitro with
PMA/ionomycin or incubated with K562 tumor cells that lack MHCL
Six hours later, intracellular IFN-y formation was assessed by flow cy-
tometry. Alternatively, cell surface expression of CD107a was assessed
by flow cytometry. The mean and standard deviation of two replicate
measurements is depicted. (c) Interferon-stimulated genes (ISG) were
assessed by real-time PCR from whole-blood cDNA of the XLPDR pa-
tient (P1) before therapy (squares), or under tofacitinib therapy for 2
months (triangle up) or 8 months (triangle down) in comparison to 8
different healthy control individuals (HCs, filled circles) and to a patient
with a SAMHD]1-related interferonopathy (SAMHD]1, open circles).
Gene expression of IFIT1, MX1, IFI44, ISG15, SIGLECI, and RSAD2
was assessed. Pooled data from repetitive experiments are shown. Data
normalized to actin using the delta-delta-CT method. Values are shown as
fold change to a specific healthy control sample, which was used as the
normalization control in every experiment. Symbols representing the
XLPDR patient depict ISG measured in two independent experiments
from the same cDNA. Symbols representing healthy control individuals
depict ISG measured in 8 different healthy control cDNA. (d) Pictures 1+
2: hematoxylin-eosin (H.E.) staining of ascending colon biopsies of the
patient with XLPDR. Arrows mark intraepithelial apoptosis. Pictures 3—
6: immuno-histological staining for MX1 in ascending colon biopsies of
the patients with XLPDR [3], a patient with non-POLAI associated in-
flammatory bowel disease [4], and two control individuals without colon
inflammation [5+6]. The black line (inlet) represents a distance of 50 um

peripheral blood of our index patient in August 2019, in the
absence of active infections (Fig. 1¢). Five of six tested ISG were
slightly elevated when compared to several healthy controls but
not to the extent of ISG measured in a patient with a genetically
proven SAMHD]1-related interferonopathy (Fig. 1c).

We tested the patient’s colon biopsies for evidence of
intramucosal excess of interferon production and detected up-
regulated expression of MX1, a prototypic ISG-protein, in
epithelial and immune cells (Fig. 1d). Upregulated epithelial
MXI1 expression was absent in non-inflamed colon but was
also detected in the colon of a non-POLA 1-associated inflam-
matory bowel disease patient (Fig. 1d). The latter is in keeping
with recent analysis of colon epithelium ISG expression in
patients with both active Crohn’s disease and ulcerative colitis
[4]. Given that type I interferon receptors act through a Janus
kinase (JAK)/signal transducer and activators of transcription
(STAT) signaling cascade, treatment of the index patient was
started with the JAK1/3 inhibitor tofacitinib as an immune-
modulating monotherapy (10 mg daily for 14 days, afterwards
5 mg per day) in December 2019. Abdominal pain decreased
and fecal calprotectin, a biomarker of mucosal inflammation,
declined from initially 431 pg/g to 96 png/g (near the normal
range) after 8 weeks and remained low at 76.2 pg/g when
controlled after 6 months of tofacitinib monotherapy. CRP
was below 3 mg/l and blood sedimentation rate was 1 mm/h
when measured after 8§ months of tofacitinib monotherapy.
There was a tendency of reduced ISG in peripheral blood

@ Springer



214 J Clin Immunol (2021) 41:212-216
Receptor-dependent Receptor-independent
25 100
k%) k%)
8 201 Q80
e
X 15- Z 601
+ +
= 10 = 401
'S S
R 5 X 20+
0_
3
0{(‘(\* ({éo QOQ‘
I 000 v
2
& &
() O
w 20 » 100
3 3
é 154 % 80-
¥ + 60
& 10 g
o O 401
[a)] | o
C o ° O 20
R R
0- 0-
IFIT1 Mx1 SO SO
RN QO & & QO
30 ° 20 o S 4 A
20 o A o A P
2 ° Zz 10 & &
= E &
[} S 3@ @
g o o —+ 3 . Q Q
2 . . 2 .
2 =1
I : - d
— _,_._
Q\O% Q\o\ Q\ Q\ Q\ Q\ Q\ Q\
& -~ 4+ 4 JAKinhibitor -+ 4+ JAKinhibitor
0 2 8 months 0 2 8  months
IF144 1SG15
600
300} 581 -
_g -6 E 15
§ s ‘%
3 . s 8
® 4 - o i
2 3 . N 2
5 os — k] 253 -
e 27 v 2 4] eee T
1 o’ v v
o— : : : 0 N
=] N N N N =
Q\o&gq R \%o@\%oq R
o - + +  JAK inhibitor o - + +  JAK inhibitor
0 2 8  months 0 2 8  months
SIGLECH RSAD2
5 80 o
4% ° 601 °
z 3 Z 40
8 5 § 5
s, " S 4
[ —_
£ o £ -
° : " © 2{ agl
o 2 - e ; ‘:!:'
1{ % o .
o— : : . . o— NN N N
o N N N N =]
O ‘@0 N4 Q N4 Q\O ‘@0 R N N4
A - + +  JAK inhibitor & - + +  JAK inhibitor
0 2 8 months 2 8  months

@ Springer




JClin Immunol (2021) 41:212-216 215

Table 1 Immunologic evaluation

Normal Patient values (11
years of age)

IgG (g/l) 5.2-14.3 9.1
IgG1 (g/l) 4.0-10.8 9.9
IgG2 (g/l) 0.85-4.1 1.4
IgG3 (g/l) 0.13-1.42 0.5
IgG4 (g/l) 0.03-1.89 0.3
IgA (g/l) 0.54-2.5 1.02
IgM (g/1) 0.28-1.9 1.0
IgE (kIU/1) <90 112
C3 g/l 0.9-1.8 1.10
C4 g/l 0.1-04 0.19
Oxydative burst granulocytes, E.Coli >95% 100%
Oxydative burst granulocytes, E.Coli MFI AU 1432

500-3000
Oxydative burst granulocytes, PMA >95% 99%
Oxydative burst granulocytes, PMA MFI AU 922

250-6800
Interferon-gamma release assay negative negative
(QuantiFERON-Tb)
T cells relative % (of lymphocytes) 55-86 76
T cells absolute /pl 742-2750 1098
B cells relative % (of lymphocytes) 5-22 18
B cells absolute /ul 80-616 251
NK cells relative % (of lymphocytes) 5-26% 6%
NK cells absolute /ul 84-724 80
Naive B cells relative % of B cells 25.1-92.4 68.3
Naive B cells absolute /ul 66-228 171
Marginal zone like B cells relative % of B | 3.1-59.7% 8.5%
cells
Marginal zone like B cells absolute /ul 8-172 21
Memory B cell relative % of B cells 2.4-32.6 17.8
Memory B cell absolute /ul 8-102 45
CD21" B cells relative % of B cells 0.54.7 0.8
CD21" B cells absolute /pl 1-12 2
Transitional B cells relative % of B cells 0.3-2.9 8.6
Transitional B cells absolute /ul 1-5 22
Plasmablasts relative % of B cells 0.1-3 1.6
Plasmablasts absolute /pl 1-5 4
CD4 T cells relative % (of lymphocytes) 33-58 41
CD4 T cells absolute /pl 404-1612 603
CD8 T cells relative % (of lymphocytes) 13-39 31
CD8 T cells absolute /pl 220-1129 453
CD4 naive relative % of CD4+ T cells 15.7-54.7 42
CD4 central memory % of CD4+ T cells 8-28.8 21.6
CD4 effector memory % of CD4+ T cells 16.8-57.4 32.8
CD4 TEMRA % of CD4+ T cells 3.6-23.2 3.9
CD4 follicular T helper % of CD4+ T cells 6.9-19.1 13
CD4 recent thymic emigrants (RTE) 14.1-37.2 33.5
% of CD4+ T cells
CD4 Treg % of CD4+ T cells 6.1-11 8.6
CD4 activated % of CD4+ T cells 4.5-15.6 3.4
CD8 naive relative % of CD8+ T cells 7-62.5 59.3
CD8 Central memory % of CD8+ T cells 0.64.4 1.0
CD8 Effector memory % of CD8+ T cells 4.3-64.5 15.9
CD8 TEMRA % of CD8+ T cells 8.1-60.5 23.9
CD8 activated % of CD8+ T cells 5.7-48.2 6.2

Immunoglobulins include IgG subclasses show age-specific normal values. Lymphocyte, T and B cell subpopulations, and neutrophil burst assay have
normal values validated in healthy adult individuals. Numbers above reference values are indicated in red, numbers below reference values are indicated
in blue
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when re-assessed after 8 weeks and 8 months of JAK inhibi-
tion (Fig. 1c). No bacterial or opportunistic infections oc-
curred during the first 8 months of tofacitinib treatment. A
clinical examination after 8 months of tofacitinib by an ENT
specialist demonstrated absence of inflammation endonasal,
in the epipharynx and in the middle ear. His current weight
is 31.1 kg, and his current height is 137.9 cm (both 5th per-
centile for the current age). To our knowledge, this is the first
XLPDR patient treated with a JAK inhibitor, associated with a
clinical response without adverse symptoms or side effects on
laboratory parameters. This expands the previously demon-
strated potential of these drugs in monogenic
interferonopathies [5] to possible use in XLPDR patients with
uncontrolled autoinflammatory manifestations.

This is the first genetically confirmed XLPDR patient report-
ed that has bowel histopathology available. Up until now, reports
consisted of persistent diarrhea in infancy that was infrequently
fully investigated. This case, along with a Spanish patient with
jejunal inflammation resembling jejunal Crohn’s disease [6],
demonstrate that XLPDR can be accompanied by chronic gas-
trointestinal inflammation. The patient conformed to the previ-
ously described immune phenotype of XLPDR. He did not have
antibody deficiency which would have explained the susceptibil-
ity to airway infections. Follicular T helper cells and memory B
cells were also normal in our patient. It has recently been shown
that NK cells are quantitatively and functionally altered in pa-
tients with XLPDR [3]. In line with these data, our patient had
slight NK cell cytopenia and a relative paucity of mature
CD56%™ NK cells in peripheral blood. Functionally, NK cell
degranulation, as assessed by CD107a expression, was more
preserved than IFN-y formation following receptor-dependent
activation. Receptor-independent-NK cell activation was normal,
suggesting a defect in the immune synapse formation that de-
pends on the surface receptors [3]. We have not experimentally
studied synapse formation which has been demonstrated to be
abnormal in NK cells of XLPDR patients. The quantitative and
qualitative NK cell abnormalities may contribute to the suscep-
tibility to infections in our patient, although functional in vivo
redundancy of innate lymphoid cells has been demonstrated [7].

In summary, XLPDR is a very rare disease. The XLPDR
patient reported here contributes to our understanding of the
clinical and immunological spectra of the disease and gener-
ates preliminary evidence of the efficacy of JAK inhibition.
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