LETTERS TO THE EDITOR

Combined immunodeficiency with CD4 lymphopenia
and sclerosing cholangitis caused by a novel
loss-of-function mutation affecting IL21R

Combined immunodeficiencies (CIDs) comprise a het-
erogeneous group of monogenic disorders manifesting
with lymphocyte defects, recurrent infections and dysregu-
lated immune response. Recently, we and others have
described clinical and molecular features of the combined
immunodeficiency syndromes caused by IL21 or IL21R
loss-of-function mutations in humans. To date, only one
homozygous mutation in the IL21 and five distinct
homozygous mutations in the IL21R gene were identified,
however only three have been published so far.'”
Accordingly, comprehensive clinical and immunological
data characterizing this novel type of CID are lacking. Here
we report a novel homozygous frame-shift mutation in the
IL21R gene of a patient presenting with T-, B- and natural
killer (NK)-cell lymphopenia. The patient had eosinophilic
duodenitis, sclerosing cholangitis, tinea corporis and otitis
media, but no increased frequency of respiratory infections,
as described in other IL21R-deficient patients.* Thus, our
report expands on the clinical and functional characteristics
of the IL21R deficiency, which may aid early diagnosis
leading to improved treatment options.

The cytokine IL21 regulates T- and B-cell proliferation
and activation,” and promotes NK-cell cytotoxicity.’ IL21
binds to the IL21R, primarily expressed by lymphocyte
populations and other hematopoietic cells, but it can also
be found on non-hematopoietic cells including fibroblasts,
keratinocytes and intestinal epithelial cells.”*IL21R and the
interleukin-2 receptor common gamma-chain (IL2RG) form
a heterodimer complex which upon IL21 binding initiates
downstream signaling by activating Janus kinase 1, 3
(JAK1, JAK3) and inducing signal transducer and activator

Table 1. Laboratory findings of the IL21R-deficient patient.

of transcription 1, 3 and 5 (STAT1, STAT3, STATS5) phos-
phorylation.’ In affected individuals, loss-of-function muta-
tions in the IL21R gene led to defective B-cell differentia-
tion, impaired T-cell cytokine production, and impaired
NK-cell cytotoxicity. Clinically these patients were charac-
terized by cryptosporidiosis associated with severe chronic
cholangitis leading to liver failure and respiratory tract
infections, typically seen in patients with CID.” Recently,
another IL21R-deficient patient suffering from chronic res-
piratory tract infections, however without cryptosporidi-
um-associated cholangitis, was identified.” We recently
described an IL21-deficient patient who was also cryp-
tosporidium-negative and had no signs of cholangitis, but
presented with very eatly-onset inflammatory bowel dis-
ease (IBD) which masked underlying CID at early age.’
Thus the diversity of clinical phenotypes of the IL21 signal-
ing defects prompts for identification and analysis of fur-
ther patients to ultimately improve therapy.

Our patient is a 7-year old Turkish boy born to healthy
first-degree consanguineous parents (Online Supplementary
Figure S1A). His older sister, who had chronic diarrhea and
abdominal distention, died at the age of five. The patient’s
complaint of chronic diarrhea started at the age of six
months. Endoscopic biopsy revealed villous atrophy and
blunting in focal areas, minimal increase in intraepithelial
lymphocytes, eosinophilic leukocyte infiltration in lamina
propria, minimal edema and inflammation in stroma lead-
ing to the diagnosis of eosinophilic duodenitis.

The patient was referred to our immunology department
for an investigation of potential undetlying immunodefi-
ciency at four years of age. In addition to chronic diarrhea,
he suffered from recurrent otitis media, tinea corporis,
tooth abscesses and recurrent herpes labialis. Physical
examination revealed failure to thrive [weight 11 kg (2.3 kg
<3 percentile); height 84 cm (12 cm <3 percentile)],
hepatomegaly (7 cm below the costal margin) and a perfo-
rated left tympanic membrane. Endocrinological findings

Patient's values

Immunoglobulins

Test date 03.2010 10.2010 02.2011 09.2011 122011 03.2012 12.2013
IgA (mg/dL) 92 (44-244) 79 (44-244 60 (44-244 60 (57-282) 122 (44-244) 139 (44-244) 71 (44-244)
IgG (mg/dL) 711 (640-2010) 810* (640-2010)  750* (640-2010)  750* (745-1804)  950* (745-1804) 1060* (745-1804) 668* (745-1804)
IgM (mg/dL 144 (52-297) 92 (52-297) 54 (52-297) 84 (78-261) 86 (78-261) 78 (78-261) 98 (78-261)
IgE (IU/mL) 716

Lymphocyte subsets

Test date 032010 08.2010 10.2010 08.2012 112013 12.2013

CD3 (%) 66 (56-75) 60 (56-75) 72 (56-75) 80 (56-75) 79 (56-75) 81 (56-75)

CD4 (%) 15 (28-47) 20 (28-47) 10 (28-47) 19 (28-47) 22 (28-47) 22 (28-47)

CD8 (%) 40 (16-30) 46 (16-30) 44 (16-30) 48 (16-30) 43 (16-30) 47 (16-30)

CD16/56 (%) 1 (4-17) 0 (4-17) 2 (4-17) 14 (4-17) 1 (4-17) 1 (4-17)

CD19 (%) 30 (14-33) 41 (14-33) 28 (14-33) 15 (14-33) 18 (14-33) 15 (14-33)

Blood counts

Test date 03.2010 08.2010 10.2010 08.2012 11.2013 12.2013

WBC (cells/uL) 9400 (5200-11000) 19400 (5200-11000) 9800 (5200-11000) 13500 (5200-11000) 14300 (5200-11000)15100 (5200-11000)

ALC (cells/ulL) 2100 (2300-5400) 800 (2300-5400) 4600 (2300-5400) 5800 (2300-5400) 6500 (2300-5400) 5200 (2300-5400)

CD4" T cells 315 (700-2200) 160 (700-2200) 460 (700-2200) 1102 (700-2200) 1430 (700-2200) 1144 (700-2200)

T cell proliferation

Stimulus PHA ConA PMA-+Iono

Patient (cpm) 3428 5764 2121

Healthy control (cpm) 41355 32437 25513

Values in the brackets show reference ranges(***’). PHA: phytohemagglutinin; ConA: concanavalin-A; PMA: phorbol-12-myristate-13-acetate; lono: ionomycin. *Values

obtained during immunoglobulin treatment. Abnormal values are printed in bold.
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Figure 1. Clinical, immunological and
functional phenotype of the IL21R-
deficient patient. (A) Hematoxylin &

Patient

Eosin staining of the duodenal biopsy
displaying cyptosporidium parasites
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attached to the epithelial surface. (B)
Intracellular flow cytometry analysis
of the STAT3 phosphorylation in CD4*

T cells after stimulation with IL10 (50
ng/ml) and IL21 (10 ng/mL), respec-
tively. (C) Flow cytometry analysis of
CD4* and CD8" T-cell populations in
PBMCs. (D) Proliferation analysis of

PBMCs four days after stimulation
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with anti-CD3 and anti-CD28 antibod-
ies detected by monitoring dilution of
the violet proliferation dye (VPD). The
percentages of cells in the respective
gates are indicated in the plots.
| | Bottom panel: the numbers above the
\ indicated gates refer to the number of
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revealed reduced IGF-1 growth hormone levels (5.95
ng/mL; normal range 23.9-392), possibly due to
hepatomegaly and malnutrition. Basic immunological
workup showed normal B- and T-cell counts, while natural
killer (NK) cells were almost absent (Table 1). Moreover,
subset-specific analysis revealed inverted CD4/CDS8 ratio,
characterized by intermittent marked decrease of CD4
T cells (Table 1). T-cell proliferation upon stimulation with
phytohemagglutinin (PHA), concanavalin-A (ConA) or
phorbol-12-myristate-13-acetate combined with iono-
mycin (PMA/Iono) was significantly impaired (Table 1).
Trimethoprim/sulfamethoxazole prophylaxis and intra-
venous immunoglobulin replacement therapy was started.

During follow up, the patient had elevated liver enzymes
(ALT 389 U/L, AST 313 U/L, GGT 255 U/L, ALP 1275 U/L),
while vitamin A, E, and D levels decreased. Liver biopsy
revealed sclerosing cholangitis. Ursodeoxycholic acid,
kreon, and lipid soluble vitamin supplementation was com-

VPD

divisions. (E) Analysis of naive and
memory (top), and CD31'CD45RA*
recent thymic emigrants (bottom)
within the CD4* T-cell population. (F)
Analysis of CXCR5'CD45RA" Tr cells
from the IL21R-deficient patient and
a healthy adult control. HD: healthy
adult donor.

menced. During hospitalization for a severe episode of diar-
rhea, histopathological analysis revealed presence of cryp-
tosporidium in stool and at the apical surface of the duode-
nal epithelium (Figure 1A), which was treated with
azithromycin and continued as prophylactic therapy (10
mg/kg/day). The patient was negative for cryptosporidium
in stool by recent microscopic analyses. Serum
cytomegalovirus PCR test was negative.

To identify the underlying genetic disease etiology, we
employed custom-designed targeted enrichment followed
by massively parallel sequencing of 356 genes implicated in
immune functions including 248 known primary immun-
odeficiency (PID) genes" and additional PID genes recently
published or presented at conferences at the time of the
gene panel design. While no mutations in CD4 T-cell lym-
phopenia associated genes such as CD40, CD40L, CIITA,
REX5, REXAP, REXANK, ITK, MST1 or LCK were identi-
fied, we found a novel homozygous frame-shift mutation
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in IL21R (c.535delG) causing a premature stop codon
instead of Ser229, 51 amino acids downstream of the muta-
tion (p.Asp179Thrfs*51) (Online Supplementary Figure S1B).
The mutation was validated by capillary sequencing and
showed segregation consistent with an autosomal reces-
sive mode of inheritance (Online Supplementary Figure S14).

A number of cytokine/receptor systems including
IL21/IL21R and IL10/IL10R signal via JAK/STAT pathway."
IL-21R signaling induces expression of genes which pro-
mote GC formation, class switch recombination (CSR) and
plasma cell differentiation* by STAT3-independent” and
STAT3-dependent” mechanisms. The frame-shift mutation
in the IL21R gene of the index patient correlated with the
loss of STAT3 phosphorylation in lymphocytes after stim-
ulation with IL21, which was readily detectable after IL10
stimulation (Figure 1B and data not shown), thus confirming
loss of IL21R function. In contrast to previously reported
patients,” immunophenotyping of the index patient
revealed a markedly reduced relative proportion of CD4 T
cells (Figure 1C). Since the PHA, PMA/Iono or concanavalin
A-stimulated T-cell proliferation was significantly impaired
similar to previously reported patients,” we analyzed this
proliferation defect on a level of CD4* and CD8" T-cell sub-
sets by measuring cell divisions of violet proliferation dye-
labeled PBMCs after T-cell receptor (TCR) stimulation.
Upon in vitro anti-CD3/anti-CD28 stimulation, the relative
number of blasting cells was lower compared to a healthy
control (Figure 1D, top and middle) and was accompanied
by the reduced upregulation of the activation markers
CD69 and CD25 (Online Supplementary Figure S1C).
However, the responding cells proliferated at levels compa-
rable to a healthy control (Figure 1D, bottom) suggesting a
developmental defect leading to reduced numbers of T cells
able to respond to TCR stimulation. Accordingly, the
majority of patient’s CD4 T cells were naive
CD45RA*CD31*CCR7* recent thymic emigrants, while the
CD45RA™ memory populations and follicular helper T cells
(Tw) were strongly reduced (Figure 1E and F) pointing
towards defects in the germinal center-dependent genera-
tion of memory B cells, as initially observed in IL21R-defi-
cient patients.” Interestingly, although the CD8*CD45RA"
memory T-cell populations were not reduced (Online
Supplementary Figure S1D), CD8 T cells also responded to
the TCR stimulation at reduced frequency. Very few
CD27*IgD™ memory B cells could be detected in the index
patient (Figure 2A), consistent with the central role of IL21
signaling in this process.” Moreover, an increased relative
proportion of CD10°CD38" transitional B cells was
observed (Figure 2B and Ounline Supplementary Figure S1E).
Although this was not noted in the previously reported
IL21R-deficient patients, we observed similar developmen-
tal defects in the IL21-deficient patient,' pointing towards
the role of IL21 signaling in the maturation of peripheral B
cells. Interestingly, predominantly normal serum
immunoglobulin levels in the patient (Table 1) suggested
sufficiency of IL21R-independent pathways for plasma cell
differentiation despite near absence of memory B cells. One
exception was elevated serum IgE levels consistent with
the inhibitory role of IL21 in germ-line Ce transcription."*"
One important finding that extends the spectrum of pheno-
types of the IL21R-deficient patients is profoundly reduced
CD56" NK cells, which in addition displayed a predomi-
nantly immature CD57- phenotype (Figure 2C), suggesting
functional NK-cell defects. Although IBD-like inflamma-
tion observed in the index patient may be caused by the
cryptosporidiosis, it may also be a consequence of function-
al dysregulation of the lymphoid system. Recently, NK cells
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Figure 2. Phenotypic analysis of IL21R-deficicent B- and NK-cell
populations. (A) Flow cytometry analysis of patient’s and healthy
adult donor’s naive and memory B-cell populations gated on CD19*
B cells. The percentages of cells in the respective quadrants are
indicated. (B) Analysis of immature transitional B cells from the
patient and a healthy adult control defined by the surface expres-
sion of CD10 and CD38 after gating on CD19" B cells.
(C) ldentification (top) and maturation analysis (bottom) of
CD56'CD3" NK cells from the patient and a healthy adult control.
The percentages of cells in the respective quadrants are indicated.

were shown to down-regulate pro-inflammatory functions
of neutrophils thereby protecting against colitis in a mouse
model.” Thus reduced NK-cell numbers in the index
patient could contribute to the eosinophilic duodenitis,
possibly caused by cryptosporidiosis.

Two previously reported cases of IL21R deficiency
underwent an HLA-identical hematopoietic stem cell trans-
plant (HSCT), but the post-transplant course was compli-
cated by an escalation of cholangitis and cytomegalovirus
infections leading to death from multi-organ failure. This
suggested that early diagnosis and immediate HSCT may
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be critically important for the curative outcome.® However,
since cryptosporidium infection-associated severe scleros-
ing cholangitis adversely affected outcome of the HSCT in
number of CD40L-deficient patients,” there are no clear
guidelines as to whether allogeneic HSCT should be rec-
ommended to cryptosporidium-infected IL21R-deficient
patients, and more comprehensive studies in a larger cohort
of patients will be urgently needed.

In conclusion, we here identify a novel biallelic loss-of-
function mutation affecting the IL27R gene in a patient
with combined immunodeficiency. In contrast to previous
studies, the patient had marked CD4- and NK-lymphope-
nia. Thus, the phenotype of IL21(receptor) deficiency may
be considerably more diverse than previously appreciated,
and molecular analysis of patients with unclear genetic eti-
ology of combined immunodeficiency should include the
IL21 (receptor) genes.
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