Letter to the Editor

Early and late B-cell developmental
impairment in nuclear factor kappa
B, subunit 1-mutated common

variable immunodeficiency disease

To the Editor:

The nuclear factor kappa B (NF-kB) signaling pathway plays
an important role in immune cell biology." Both the classical
(nuclear factor kappa B, subunit 1 [NF-kB1]; p105/p50) and the
alternative (nuclear factor kappa B, subunit 2 [NF-kB2];
p100/p52) NF-kB pathways have been largely studied mainly in
animal models." Regarding B cells, the role of NF-kB1 was
underlined in a murine nf-kbl knockout model in which
peripheral B cells showed defective maturation, defective isotype
switching, and impaired humoral immune responses.' > A similar,
although more pronounced, immunologic phenotype was
observed in the nf-kb2 knockout mice, with defective secondary
lymphoid organ development and impaired B-cell development
both in early (bone marrow) and in late (periphery) stages
with defective humoral responses both to T-dependent and to
T-independent antigens.' The role of NF-kB2 in human B-cell
development was recently defined in patients carrying
monoallelic mutations in NF-kB2, leading to common variable
immunodeficiency (CVID)-like disease with autoimmunity
and defects in late stages of peripheral B-cell maturation.*
Monoallelic mutations in NF-kB1 leading to p50 haploinsuffi-
ciency were recently described in a limited number of patients
with CVID®; however, data regarding the effect of monoallelic
NF-kB1 mutations on B-cell development are scarce. We report
on 2 patients carrying monoallelic mutations in NF-kB1, one of
which was novel, and describe novel findings on the effect of
these mutations on B-cell development both in early (bone
marrow) and in late (periphery) stages of maturation.

Patient 1 was born to Italian nonrelated parents. He came to our
attention at the age of 7 years due to recurrent respiratory
infections. His immunological workup showed normal differen-
tial white blood cell count with low immunoglobulin serum
concentrations and absent responses to recall vaccinations;
frequency of peripheral B cells was low (CD19" B cells, 3.2%
of total lymphocytes), whereas that of T cells was normal
(Table I). The patient was put on immunoglobulin replacement
treatment with resolution of the infectious episodes. During
follow-up, he developed autoimmune thyroiditis and gastrointes-
tinal symptoms that led to the initial diagnosis of celiac disease.
Gluten-free diet did not resolve the villous atrophy and diagnosis
of autoimmune enteropathy was then made. Treatment with oral
budesonide led to complete clinical and histological remission.
Patient 1 has developed a gastric adenoma that is under regular
endoscopic follow-up. Patient 2 has been previously reported®
(Table 1).

Genetic analysis of 98 known and putative genes by targeted
next-generation sequencing revealed the presence of the novel
¢.1517delC monoallelic frameshift mutation in the NFKBI gene
in patient 1 (Fig 1, A). No additional putative disease-causing
mutations were evident. The mutation predicts a premature
termination of translation (p.Ala506Valfs*17) and thus
expression of an aberrant p50 but a lack of expression of the
pl105 precursor from the mutant allele. Patient 2 harbors the

TABLE I. Clinical and immunologic features of the index patients
harboring monoallelilc NFKB1 mutations

Features Patient 1 Patient 2*
Sex Male Female
Age at diagnosis (y) 7 30
Current age (y) 40 55
IgG (mg/dL)T 160 181
IgA (mg/dL)T 14 6
IgM (mg/dL)+ 14 48
Recall response to vaccinations
Tetanus toxoid Absent NA
Hepatitis B Absent NA
Lymphocyte subsetst
CD3 (%) 83.984.3
CD4 (%) 39.758
CD8 (%) 53.523.2
CD19 (%) 3.210.5
CD56 (%) 10.64.7
Proliferative response to mitogens
Anti-CD3, anti-CD3 + Normal NA
IL-2, PMA + I, PHA
Respiratory infections Pneumonia, sinusitis Pneumonia,
recurrent
sinusitis
Bronchiectasis — —
Autoimmunity Autoimmune thyroiditis, —
autoimmune enteropathy
Other Gastric adenoma —
NFKBI mutation c.730+4A>G c.1517delC
p-Aspl191_ p.Ala506Valfs*17
Lys244delinsGlu premature
p50 haploinsufficiency termination

NA, Not available; PMA + I, phorbol 12-myristate 13-acetate and iomomycin.
*Patient 2 was previously reported in Fliegauf et al°® (patient NL1-36).
TAt diagnosis.

previously reported ¢.730+4A>G monoallelic mutation in the
NFKBI gene, which leads to in-frame skipping of exon 8
(p-Asp191_Lys244delinsGlu), rapid decay of the mutant
plOSAEx8 precursor, and thus to p50 haploinsufficiency.’
Considering the limited available data in the literature, we
decided to evaluate the B-cell compartment in the index patients.
Early B-cell development in the bone marrow was evaluated for
patient 1. In detail, early stages of B-cell differentiation appeared
impaired, with a partial maturational arrest at the pre-BI stage,
suggesting therefore a direct role for NF-kB1 in the early stages
of human B-cell development (Fig 1, B, lower panel; see Fig E1
in this article’s Online Repository at www.jacionline.org).
Peripheral B-cell evaluation was performed for both patients
and was compared with a healthy donor (HD) and a previously
reported patient’ harboring a de novo ¢.2557C>T monoallelic
mutation in NFKB2 (patient 3). The mutation in NF-kB2
leads to a premature termination of translation (p.Arg853%)
and causes a functional haploinsufficiency due to expression of
a nonprocessible pl00 precursor. Patient 3 was included to
better define the specific role of the classical and the
alternative NF-kB pathways in peripheral B-cell maturation.
Patient 1 showed an almost exclusive peripheral CD21"
pattern (CD21": 91.1% [23 cells/pL] of peripheral B cells
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FIG 1. NF-kB1 mutations and human B-cell development. A, Electropherogram showing the novel
monoallelic mutation in NFKB1 from the index patient 1. B, Flow cytometric evaluation of early B-cell
development in the bone marrow from an age-matched healthy donor (HD; green) and the NFKB1-mutated
patient (Pt 1; red). The left plot shows the cell subsets upon gating on the lymphocyte subset CD34"CD45*
(small upper left plot), whereas the right dot plot shows the cell subsets upon gating on the CD19"CD45*
B-cell subset (small upper right plot). C, Flow cytometric evaluation of peripheral CD19" B cells from an
HD (green) and patients 1 (Pt 1; red), 2 (Pt 2; purple), and 3 (Pt 3; blue). Imm., Immature; trans., transitional.

[27 cells/pL]) (Fig 1, C, upper panel). A similar expansion
of CD21° B cells was observed in patient 2 (CD21":
70.8% [120 cells/pL] of peripheral B cells [190 cells/pL]).
Interestingly, this expansion of CD21' B cells was not observed
in the NF-kB2-mutated patient (CD211°: 3.2% [1 cell/pL] of
peripheral B cells [41 cells/pL]), suggesting therefore an intrinsic
role of the classical NF-kB pathway in the biology of cp21'e
B cells in CVID. Based on the data presented here, the expansion
of the CD21'"° population that was reported in a limited number of

patients with CVID without a genetic diagnosis’ may be related to
mutations in NFKBI and to alterations in the classical NF-kB
pathway in general. Furthermore, the expansion of the cp21®°
population has been associated with systemic lupus erythemato-
sus and autoimmune phenomena,® as observed in patient 1.
Both patient 1 and patient 2 showed a complete absence of
CD27" switched memory B cells: 0.37% (patient 1) and 0.44%
(patient 2) on mature CD21"CD38'/4™ cells versus 14% (HD)
(Fig 1, C, lower panel), underlining an important role for
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NF-kBI1 in the late stages of human peripheral B-cell maturation.
Patient 3, carrying the NF-kB2 mutation, completely lacked
both CD27*IgD IgM* unswitched (patient 3: 1.82% vs HD:
16.6%) and switched memory B cells (patient 3: 0.26% vs HD:
14%), thus suggesting an important role for both the classical
and alternative NF-kB pathways in human peripheral B-cell
maturation (Fig 1, C, lower panel). All patients lacked
CD387*CD27"" B cells, as typically observed in CVID (data
not shown).

Taken together, our data provide evidence for a novel role for
NF-kB1 in human B-cell development, both in the bone marrow
and in the periphery. Mutations in NF-kB1 affect early stages of
human B-cell development. Data from animal models suggest an
intrinsic role for nf-kb1 in immature bone marrow B cells,” thus
strengthening our findings. The B-cell receptor signaling,
essential for early stages of B-cell development, depends on the
classical NF-kB pathway'® and therefore NF-kB1 haploinsuffi-
ciency could affect this cascade. B-cell memory development is
impaired in the presence of both NFKBI and NFKB2 monoallelic
mutations, although the latter appears to act at an earlier stage of
peripheral B-cell maturation. This peripheral maturational defect
may depend on impairment of the B-cell receptor and B cell-acti-
vating factor receptor signaling cascades, respectively, dependent
on the classical (NF-kB1) and alternative (NF-kB2) NF-kB path-
ways. Furthermore, the cp21'e population appears particularly
expanded in the presence of monoallelic NFKBI but not
NFKB?2 mutations, suggesting an intrinsic role for the classical
NF-kB pathway in the biology of the CD21% B-cell population,
opening novel possibilities for better understanding this peculiar
B-cell subset, both in CVID and in autoimmune diseases, such as
systemic lupus erythematosus.

We thank the patients, the patients’ families, and the nurses for all their
efforts and Katrin Hiibscher for excellent technical assistance.

Vassilios Lougaris, MD"

Daniele Moratto, PhD"

Manuela Baronio, PhD®

Giacomo Tampella, PhD"

Jos W. M. van der Meer, MD*

Raffaele Badolato, MD, PhD"

Manfred Fliegauf, PhD*

Alessandro Plebani, MD, PhD“

LETTER TO THE EDITOR 3

From “the Department of Clinical and Experimental Sciences, Pediatrics Clinic and
Institute for Molecular Medicine A. Nocivelli, University of Brescia, Spedali Civili
di Brescia, Italy; ®the Institute for Molecular Medicine A. Nocivelli, and Department
of Pathology, Laboratory of Genetic Disorders of Childhood, Department of
Molecular and Translational Medicine, University of Brescia, Spedali Civili di
Brescia, Italy; ‘the Department of Internal Medicine, Radboud University Medical
Centre, Nijmegen, The Netherlands; and dthe Center for Chronic Immunodeficiency
(CCI), University Medical Center Freiburg and University of Freiburg, Freiburg,
Germany. E-mail: vlougarisbs @yahoo.com.

The research leading to these results has received funding from the European Commun-
ity’s Seventh Framework Programme FP7/2007-2013 under grant agreement no.
201549 (EURO-PADnet HEALTH-F2-2008-201549) and from the Italian Ministerial
Grant GR-2010-2315762. The research leading to these results also received funding
from the “Fondazione C. Golgi,” Brescia, Italy, and the Jeffrey Modell Foundation.
This study was supported by the German Federal Ministry of Education and Research
(grant no. BMBF 01EO1303) and by E-Rare EURO-CMC (grant no. 01GM1502).

Disclosure of potential conflict of interest: The authors declare that they have no relevant
conflicts of interest.

REFERENCES

1. Gerondakis S, Grumont R, Gugasyan R, Wong L, Isomura I, Ho W, et al.
Unravelling the complexities of the NF-kappaB signalling pathway using mouse
knockout and transgenic models. Oncogene 2006;25:6781-99.

2. Sha WC, Liou HC, Tuomanen EI, Baltimore D. Targeted disruption of the p50
subunit of NF-kappa B leads to multifocal defects in immune responses. Cell
1995;80:321-30.

3. Snapper CM, Zelazowski P, Rosas FR, Kehry MR, Tian M, Baltimore D, et al.
B cells fron pS0/NF-kappa B knockout mice have selective defects in proliferation,
differentiation, germ-line CH transcription and Ig class switching. J Immunol
1996:156:183-91.

4. Chen K, Coonrod EM, Kuménovics A, Franks ZF, Durtschi JD, Margraf RL, et al.
Germline mutations in NFKB2 implicate the noncanonical NF-kB pathway in the path-
ogenesis of common variable immunodeficiency. Am J Hum Genet 2013;93:812-24.

5. Lougaris V, Tabellini G, Vitali M, Baronio M, Patrizi O, Tampella G, et al.
Defective natural killer-cell cytotoxic activity in NFKB2 mutated CVID-like
disease. J Allergy Clin Immunol 2015;135:1641-3.

6. Fliegauf M, Bryant VL, Frede N, Slade C, Woon ST, Lehnert K, et al.
Haploinsufficiency of the NF-kBI subunit p50 in common variable immuno-
deficiency. Am J Hum Genet 2015;97:389-403.

7. Wehr C, Kivioja T, Schmitt C, Ferry B, Witte T, Eren E, et al. The EUROclass trial:
defining subgroups in common variable immunodeficiency. Blood 2008;111:77-85.

8. Wehr C, Eibel H, Masilamani M, Iliges H, Schlesier M, Peter HH, et al. A new
CD21low B cell population in the peripheral blood of patients with SLE. Clin
Immunol 2004;113:161-71.

9. Claudio E, Saret S, Wang H, Siebenlist U. Cell-autonomous role for NF-kappa B in
immature bone marrow B cells. J Immunol 2009;182:3406-13.

10. Gerondakis S, Siebenlist U. Roles of the NF-kappaB pathway in lymphocyte
development and function. Cold Spring Harb Perspect Biol 2010;2:a000182.

http://dx.doi.org/10.1016/j.jaci.2016.05.045


Delta:3_given name
Delta:3_surname
Delta:3_given name
Delta:3_surname
Delta:3_given name
Delta:3_surname
Delta:3_given name
Delta:3_surname
mailto:vlougarisbs@yahoo.com
http://refhub.elsevier.com/S0091-6749(16)30628-5/sref1
http://refhub.elsevier.com/S0091-6749(16)30628-5/sref1
http://refhub.elsevier.com/S0091-6749(16)30628-5/sref1
http://refhub.elsevier.com/S0091-6749(16)30628-5/sref2
http://refhub.elsevier.com/S0091-6749(16)30628-5/sref2
http://refhub.elsevier.com/S0091-6749(16)30628-5/sref2
http://refhub.elsevier.com/S0091-6749(16)30628-5/sref3
http://refhub.elsevier.com/S0091-6749(16)30628-5/sref3
http://refhub.elsevier.com/S0091-6749(16)30628-5/sref3
http://refhub.elsevier.com/S0091-6749(16)30628-5/sref3
http://refhub.elsevier.com/S0091-6749(16)30628-5/sref4
http://refhub.elsevier.com/S0091-6749(16)30628-5/sref4
http://refhub.elsevier.com/S0091-6749(16)30628-5/sref4
http://refhub.elsevier.com/S0091-6749(16)30628-5/sref4
http://refhub.elsevier.com/S0091-6749(16)30628-5/sref5
http://refhub.elsevier.com/S0091-6749(16)30628-5/sref5
http://refhub.elsevier.com/S0091-6749(16)30628-5/sref5
http://refhub.elsevier.com/S0091-6749(16)30628-5/sref6
http://refhub.elsevier.com/S0091-6749(16)30628-5/sref6
http://refhub.elsevier.com/S0091-6749(16)30628-5/sref6
http://refhub.elsevier.com/S0091-6749(16)30628-5/sref7
http://refhub.elsevier.com/S0091-6749(16)30628-5/sref7
http://refhub.elsevier.com/S0091-6749(16)30628-5/sref8
http://refhub.elsevier.com/S0091-6749(16)30628-5/sref8
http://refhub.elsevier.com/S0091-6749(16)30628-5/sref8
http://refhub.elsevier.com/S0091-6749(16)30628-5/sref9
http://refhub.elsevier.com/S0091-6749(16)30628-5/sref9
http://refhub.elsevier.com/S0091-6749(16)30628-5/sref10
http://refhub.elsevier.com/S0091-6749(16)30628-5/sref10
http://dx.doi.org/10.1016/j.jaci.2016.05.045

3.e1 LETTER TO THE EDITOR

A
S [ Stem Cells
g JProB
[
‘3‘ —Pre Bl
g CIPreBlla
?3 —1Pre Bllb
o = Imm
C1 C2 C3 C4 C5 Cé6 Pt.1
B
Pt.1 Normal range
Stem Cells 47.18 4.5-22.6
Pro B 25.34 2.4-89
Pre BI 25.88 7.2-21.0
Pre Blla 0.59 9.9-20.6
Pre Bllb 0.92 31.8-49.0
Imm 0.09 9.5-20.6

FIG E1. Bone marrow evaluation of B-cell development was done
by multicolor flow cytometry in the NF-kB1-mutated patient and 6
age-matched healthy controls. A, Bar graph showing the distribution of
the different B-cell subsets during bone marrow B-cell development.
B, Detailed percentage description of the different B-cell subsets in the
bone marrow comparing the NF-kB1-mutated patient and 6 age-matched
healthy controls. Imm, Immature; Pt. 1, patient 1.
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