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Abstract: Selective IgM deficiency (SIgMD) and IgA MGUS in a young woman are two rare disorders. IgA MGUS has
not been described in patients with SIgMD. We present the first comprehensive analysis of various subsets of CD4+
T, CD8+ T cells, and B cells in a young woman with SIgMD and IgAN MGUS. Analysis of B cell subsets revealed in-
creased proportions of transitional B cells, germinal center (GC) B cells, B regulatory cells (Breg), and plasmablasts
(PB), and decreased proportions of marginal zone (MZ) B cells. BAFF-R expression on both naive and memory B cells
was increased. CD4+ and CD8+ effector memory cells were decreased, whereas CD4+ and CD8+ naive T cells were
increased. These abnormalities in B cell subsets and plasmablasts are not observed in SIgMD, therefore appears
be influenced by MGUS. No correlation was observed with changes in the levels of monoclonal IgA and serum IgM
levels over nine years follow-up suggesting that SIgMD is likely to be primary rather than secondary to MGUS. These
observations also suggest that IgAN MGUS and perhaps other MGUS may occur at a young age in association with
selective IgM deficiency. The abnormalities in B cell subsets may have a predictive value for progression to multiple

myeloma.
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Introduction

Although John Hobbs and colleagues described
selective IgM deficiency in 1967 [1], it took five
decades for selective IgM deficiency (SIgMD) to
be incorporated in IUIS classification of primary
immunodeficiency diseases [2]. Its prevalence
has been reported between 0.03% [3] and
1.68% [4]. More recently, in a screening of adult
blood donors, the prevalence of SIgMD is re-
ported to be 0.36% [5]. Serum IgA, IgG, T cells
and T cell subsets, and T cell functions are re-
latively normal in SIgMD [6-10]. Although Slg-
MD has been associated with comorbid condi-
tions, including allergic disease, autoimmune
disease, and malignancies [6], to the best of
our knowledge monoclonal gammopathy of un-
determined significance (MGUS) has not been
reported in patients with SIgMD.

Monoclonal gammopathy is an abnormal rapid
multiplication of a single cell line of plasma
cells due to a disturbance in immunoglobulin

synthesis, resulting in a homogenous increase
of a monoclonal peak. The definition of MGUS
requires serum M-protein under 3 g/dl, less
than 10% plasma cells in the bone marrow,
absent or minimal M-proteinuria, and stability
of the M-protein; as well as absent features of
multiple myeloma including lytic lesions, ane-
mia, hypercalcemia, renal insufficiency, or other
lymphoproliferative disorders [11].

Since no detailed analysis of subsets of CD4+
T cells, CD8+ T cells and subsets of B cells ha-
ve been reported in MGUS, a comprehensive
immunological analysis of naive (T,), central
memory (T,,), and effector memory (T, T_,qn)
subsets of CD4+ and CD8+ T cells, CD4+ Treg,
CD8+ Treg, mature B cells, transitional B cells,
IgM memory B cells, switched memory B cells,
marginal zone B cells (MZ), germinal center
(GC), plasmablast (PB), natural antibody pro-
ducing B1 cells, CXCR3+ naive and memory B
cells, CD21" B cells, and regulatory B cells
(Breg) was performed.
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Table 1. Immunological Features of Patient with MGUS

Case presentation

and SIgMD*
Patient was a 21 years young female
Reference L .
Test Results ranges referred to our clinic for leukopenia
Serum Immunoglobulins (mg/dl) and recurrent urlnary' tract. infections.
She had no past medical history or rel-
IgM 34 65-263 e Lo
| 1090 68.378 evant social history. Family history was
e ’ i positive for father with lymphoma. Her
lgG 1570  694-1,618 physical examination was unremark-
lgG1 1,000 3421117 able; there was no lymphadenopathy
lgG2 586 147-524 or hepatosplenomegaly. Immunological
1gG3 192 21-114 features are shown in Table 1. SIgMD
IgG4 20 7-88 is defined as serum IgM levels below 2
ISE (1U/ml) 316 10-150 SD of mean for control and normal
Autoantibodies total IgG and IgA [12]. Specific antibody
ANA (EIA units) 28.4 0.2-12.0 responses to Penumovax-23 vaccina-
cANCA Negative  Negative tion, tetanus and diphthgria toxoid
dsDNA Negative  Negative were nohrmal.dImmunloﬁxaltllor’;‘)\ofU 'Fhe
Smith (ENA) Negative Negative serum showed monocional IgAA. Urine

Thyroglobulin (U/ml)

Specific antibodies
Diphtheria Toxoid I1gG (IU/ml)
Tetanus Toxoid 1gG (IU/ml)
Strep. pneumoniae type 1 (ug/ml)
Strep. pneumoniae type 3 (ug/ml)
Strep. pneumoniae type 4 (ug/ml)
Strep. pneumoniae type 5 (ug/ml)

Strep. pneumoniae type 6B (ug/ml)
Strep. pneumoniae type 7F (ug/ml)

Strep. pneumoniae type 8 (ug/ml)

for light chains revealed normal ratio of

733 00600 K to A light chains.

Strep. pneumoniae type 9N (ug/ml)
Strep. pneumoniae type 9V (ug/mil)
Strep. pneumoniae type 12F (ug/ml)
Strep. pneumoniae type 14 (ug/ml)
Strep. pneumoniae type 18C (ug/ml)
Strep. pneumoniae type 19F (ug/ml)
Strep. pneumoniae type 23F (ug/ml)

Antimicrobial antibodies (IgG)
H. pylori
Antistreptolysin O (IU/ml)
Complement
CH50 (U/ml)
C2 (mg/L)
C4 (mg/dl)
Immunofixation
Urine free light chains
Free k light chain (mg/dl)
Free A light chain (mg/dl)
K/A ratio

0.288 >0.099 No lytic lesions were observed on axial
0.728 >0.150 skeletal survey. Bone marrow aspira-
>20.0 >1.0 tion was normal. Serum total proteins,
5.5 >1.0 serum calcium, and alkaline phospha-
12.9 >1.0 tase levels were with in normal range.
0.8 >1.0 Therefore, excluding any possibility of
10 >1.0 multiple myeloma. Urine cultures re-
13.8 1.0 peatedly grew Streptococcus hemoly-
ticus group B (>100,000 colonies).
6.8 >1.0 These were successfully treated with
3.5 >1.0 appropriate antibiotics.

1.2 >1.0
<0.2 >1.0 This patient was followed for the last 9
>20.0 >1.0 years for serum immunoglobulins by
16.8 >1.0 nephelometry and salient clinical fea-
>20.0 >1.0 tures. These included culture positive
17 >1.0 vaginitis (PCR positive for Gardnerella),
rapid strep screen positibe pharyngi-
» ) tis, and recurrent abdominal cramps
Positive  Negative and nausea characterized by serum
323.0 <200 specific 1gG for H. pylori. In the 9 years
of follow-up, IgA has ranged between

52.0 22-60

602 mg/dl-1090 mg/dl, and IgM bet-
ween 35-45 mg/dl. No correlation was
observed between changes in serum
IgA and serum IgM over these 9 years
period.

14.4 6.0-32.5
15.0 15.0-45.0
IgAN None

11.90 1.35-24.19
1.51 0.24-5.66
7.89 2.04-10.37

Materials and methods

Subject: Peripheral blood mononuclear

*At the initial diagnosis in 2008.
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cells from the patient and age- and
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gender-matched healthy controls were sepa-
rated by density gradient using Lymphocyte
Separation Medium. Institutional Review Board
(Human) Committee of the University of Cali-
fornia at Irvine approved the protocol. A signed
consent was obtained from the subjects.

Analysis of subsets of B cells and CD4+ and
CD8+ T cells

Analyses of T cells, B cells, various subsets of B
cells (naive, IgM and switched memory, transi-
tional B cells, MZ B cells, GC B cells, CD21"°B
cells, B1 cells, CXCR3+ naive and memory B
cells, and plasmablasts), several subsets of
CD4+ and CD8+ T cells (naive, central memory,
effector memory), and CD4 Treg, CD8 Treg, and
Breg cells were performed by multicolor flow
cytometry, using various monoclonal antibod-
ies and isotype controls. Data were analyzed by
Flow Jo software.

Antibodies and reagents

Antibodies for B cell subsets: The following
anti-human antibodies were used to identify
various subsets of B cells: CD19 PerCP, CD27
FITC, CD38 FITC, CD21 PE, CD70 PE, CD27
APC, CD24 FITC, CD38 PE, CD183 PE, anti-IgM
APC, and anti-IgD PE; all from BD Pharmingen,
San Jose, California. CD43 APC was purchased
from Biolegand, San Diego, California.

Antibodies for T cell subsets: The following
monoclonal antibodies and isotype controls
were used for the analysis of subsets of CD4+
and CD8+ T cells: CD4 PerCP, CD8 PerCP,
CD45RA APC, CCR7 FITC, CD3 PerCP, and
CD278 (ICOS) PE. All antibodies were purch-
ased from BD Parmingen, San Jose, California

Surface markers for B cell subsets: B cell and B
cell subsets were identified by following cell
surface markers: naive B cells-CD19+/CD27-/
IgD+/IgM+, transitional B cells-CD19+/CD38+/
IgM++, MZ B cells-CD19+/CD27+/1gD+/IgM+,
IgM memory B cells-CD19+/CD27+/I1gM+, GC
B cells-CD19+/IgD-/CD27+/CD38+, Class swi-
tch memory B cells-CD19+/CD27+/1gD-/I1gM,
plasmablasts-CD19+/CD38++/IgM-, mature B
cells-CD21Me"/CD19+/CD38-, CD21" cells CD-
19+/CD38-/CD21"*, B1 cells-CD20+/CD70/
CD27+/CD43+, CXCR3+ B cells-CD19+/CD27/
CD183+, and Breg-CD19+/CD24+/CD38+.

Surface markers of T cell subsets: Following
cell surface phenotype identified subsets of
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CDA T cells and CD8+ T cells: naive (T,)-CD4+/
CD8+CD45RA+CCR7+, central memory (T, )-
CD4+/CD8+CD45RA-CCR7+, effector memo-
ry (T,,)-CD4+/CD8+CD45RA-CCR7-, CD45RA+
effector memory (T_,.,) or terminally diffe-
rentiated effector memory-CD4+/CD8+CD45-
RA+CCR7-, CD8 Treg-CD8+CD183+CCR7+CD-
45RA-.

Analysis of regulator lymphocytes: For CD4
Treg, MNCs were stained with PerCP-labeled
anti-CD4 and FITC-labeled anti-CD25 monoclo-
nal antibodies and isotype controls, followed by
Foxp3 intracellular staining with APC-labeled
anti-Foxp3 antibody and isotype control. Sta-
ining procedures were performed according to
the manufacturer’s recommendation. In the
population of CD4 cells, Treg cells were identi-
fied as CD4+CD25"e" Foxp3+ cells.

For CD8 Treg, MNCs were stained with PerCP-
labeled anti-CD8, PE-labeled anti-CD183, and
FITC-labeled anti-CD25, followed by Foxp3 in-
tracellular staining with APC-labeled anti-Foxp3
antibody and isotype control (Mouse IgG1k-
APC). Staining procedures were performed ac-
cording to the manufacturer’'s recommenda-
tions. In the population of CD8+ T cells, CD8
Treg cells were identified as CD8+CD183+CD-
25Neh Foxp3+ cells.

For Breg, MNCs were stained with PerCP-la-
beled CD19, FITC-labeled CD24, and APC-la-
beled CD38 monoclonal antibodies and isoty-
pe controls. Breg were identified as CD19+CD-
24+CD38+.

Results
B cell subsets are altered in MGUS with SIgMD

B cell subsets in the patient and age and gen-
der-matched healthy control were analyzed
using monoclonal antibodies and isotype con-
trols with FACSCalibur. Figure 1 shows in-
creased transitional B cells, GC B cells, and PB,
and decreased MZ B cells in the patient as
compared to control.

BAFF-R expression on B cells is increased in
MGUS with SISMD

The B cell activating factor (BAFF) and a pro-
liferative-inducing ligand (APIL) provide B cell
survival signal via BAFF-R and TACI [13]. The-
refore, we examined the expression of BAFF-R

Am J Clin Exp Immunol 2019;8(4):37-46
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Figure 1. Subsets of B cells. Identified by various markers: Naive B cells-CD19+/CD27-/IgD+/1gM+, transitional B cells-CD19+/CD38++/IgM++, MZ B cells-CD19+/
CD27+/IgD+/1gM+, 1gM memory-CD19+/CD27+/1gM+, GC B cells-CD19+/1gD-/CD27+/CD38+, Class switch memory-CD19+/CD27+/1gD-/I1gM-, plasmablasts-

CD19+/CD38++/1gM-.
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Figure 2. Expression of TACl and BAFF-R on naive and memory B cells. BAFF-R on naive (CD19+CD27-) and one

peak of memory B cells (CD19+CD27+) were increased in the patient.
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Figure 3. CD21+ B cells, B1 cells, and CXCR3+ B cells. Identified by CD21°* (CD19+/CD38-/CD21""), CD21"e"
(CD21"e" CD19+/CD38-/CD21++), B1 (CD20+/CD70/CD27+/CD43+), CXCR3+ naive (CD19+CD27-CXCR3+) and

memory (CD19+CD27+CXCR3+) B cells. CXCR3+ B cells were decreased.

and TACI on naive (CD19+CD27-) and memory
(CD19+CD27+) B cells. Figure 2 shows an
increased expression of BAFF-R in naive B ce-
lls. BAFF-R on memory B cells displayed two
peaks; one with increased and other with low-
er expression of BAFF-R in the patient as com-
pared to single peak in the control. TACI expres-
sion in the patient was comparable to con-
trols.
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CXCR3+ naive and memory B cells are de-
creased in MGUS with SISMD

A role of CXCR3 in T cell trafficking is well es-
tablished [14]. However, its role in B cell migra-
tion has recently been explored. Figure 3 sh-
ows that CXCR3 expression on naive and mem-
ory B cells was decreased. No difference was
observed in CD21" B cells and natural anti-
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Figure 4. Subsets of CD4+ and CD8+ T cells. Identified by, naive (T, )-CD4+/CD8+CD45RA+CCR7+, central memory
(TCM)-CD4+/CD8+CD45RA-CCR7+, effector memory (T_,,)-CD4+/CD8+CD45RA-CCR7-, CD45RA+ effector memory

(T

EMRA)

body producing Bl cells between the patient
and control.

CD4+ and CD8+ naive and memory subsets
are altered in MGUS with SIgMD

Both CD4 and CD8 T cells, based upon their
functions and migration characteristics, have
been divided into nave (T,), central memory
(T, and effector memory (T, T;,,.,) subsets
[15-17]. Therefore, we examined these sub-
sets of CD4+ and CD8+ T cells in the patient
and control. CD8+ T, and CD8+ T were de-
creased, whereas CD8+ T cells were increased
(Figure 4). CD4+ T cells were also increased,
and CD4+ T cells were markedly decreased

EMRA
as comparable to control.

Regulatory B lymphocytes are increased in
MGUS with SIgMD

There are three major types of regulatory lym-
phocytes; the CD4+ Treg, CD8 Treg, and Breg.
They play an important role in tolerance and
autoimmune diseases [18-23]. Figure 5 shows
that Breg are increased in our patient as com-
pared to control; however, CD4 Treg and CD8
Treg were comparable to controls.

Discussion

Here we report a comprehensive immunologi-
cal analysis in a 21 years young woman with

42

or terminally differentiated effector memory-CD4+/CD8+CD45RA+CCR7-.

SIgMD and IgAAN MGUS. MGUS is a disorder of
older subjects with an average age at diagnos-
is of 72 years, of which only 2% are diagnosed
under the age 40, and virtually none in their
20’s. MGUS is more common in men than
women [24]. The most common manifestations
of MGUS are peripheral neuropathy or unex-
plained bone loss [25]. IgG and IgA MGUS are
known precursor conditions for multiple myelo-
ma with a risk of progression of 1% per year
[26]. To the best of our knowledge our patient is
the first case of IgAA MGUS in a 21 years young
women associated with selective SIgMD.

Patients with SIgMD commonly present with
infections, especially of upper and lower respi-
ratory tract. Infections may be caused by a vari-
ety of extracellular and intracellular bacteria,
protozoa, viruses, and fungi [6, 8, 10, 19, 27,
28]. Our patient presented with recurrent gr-
oup B streptococcus urinary tract infections,
which is not a common infectious presentation
in SIgMD or MGUS. Approximately 50% of pa-
tients have impaired specific antibody respon-
se to pneumococcal polysaccharide [8]. How-
ever, our patient had normal 1gG specific anti-
body response to Pneumovax-23 vaccine, as
well as diphtheria and tetanus toxoid. Yel et al.
[8] also reported a subset of symptomatic
patients with SIgMD with normal 1gG anti-pneu-
mococcal response, which may suggest that
other contributing factors, including a deficien-
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Figure 5. Regulatory lymphocytes. CD8+ Treg were identified by CD8+CD183+CCR7+CD45RA-, CD4+ Treg by CD4+CD25""CD127"°“FoxP3+, and Breg by CD19+/
CD24+/CD38+.
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cy of specific IgM antibodies, may be responsi-
ble for recurrent infections in SIgMD.

A number of autoimmune manifestations are
associated with SIgMD [6]. Our patient also had
positive ANA and thyroglobulin antibodies.

A number of malignant disorders have been
reported in SIgMD [6]. To the best of our knowl-
edge, our patient is the first case of MGUS in
SIgMD. However, it is unclear if the prevalence
of malignancy is increased in SIgMD. Although
comprehensive analyses of lymphocyte subset
have been reported in patients with SIgMD [8,
29], no such studies of subsets of B cells and
subsets of CD4+ and CD8+ T cells have been
reported in MGUS.

CD3+ T cell, CD4+ T cell, and CD8+ T cell num-
bers and T cell functions are preserved in
majority of patients with SIgMD [7-10]. Our
patient also has normal CD3+, CD4+, and
CD8+ T cells. CD4+ and CD8+ T cells have be-
en further classified into T, T, T;,,, @and T,
subpopulation [15-17]. Patients with SIgMD ha-
ve been reported to display normal distribution
of Ty, To Tew @nd T, sUbsets of CD4+ and
CD8+ T cells [29]. However, in the present case
abnormalities in subsets of both CD4+ and
CD8+ T cells were observed. Therefore, these
changes likely are likely to be influenced by
MGUS. A role of changes in various subsets of
CD4+ and CD8+ T cells in the pathogenesis of

MGUS is unclear.

CD4 Treg, Breg, and more recently described
CD8+ Treg cells have shown to play an impor-
tant role in immune tolerance and autoimmu-
ne diseases [18-23]. In SIgMD, CD8+ Treg and
Breg are increased; whereas CD4 Treg are
decreased [29]. In our patient, CD4 Treg and
CD8 Treg are found to be normal.

Various B cell subsets have been studied in
patients with SIgMD [29, 30]. Louis et al. [29]
observed decreased GC B cells, whereas Men-
sen et al. [27] reported increased transitional
and MZ B cells in a subset of patients with
SIGMD. In our patient, transitional B cells, GC B
cells, and PB are increased, whereas MZ B cells
are decreased, suggesting that changes in B
cell subsets may be influenced by MGUS.

A major population of transitional B cells mi-
grates and differentiates into mature follicular

44

B cells and a minor population into mature MZ
B cells. MZ B cells differentiate into plasma-
blasts that produce large amounts of IgM and
IgG and IgA via class switch recombination
[31]. Marginal zone B cells generally differenti-
ate into short-lived plasma cells, whereas GC B
cells differentiate into long-lived memory cells,
and plasma cells that migrate to the bone mar-
row [32]. In our patient, both GC B cells and PB
are increased.

In humans, MZ-derived plasmablasts receive
additional maturation and survival signals from
various cytokines and chemokines including
CXCL10 [33]. CXCL10 is a CXCR3 ligand that
stimulates B cells. Since our patient has B ce-
lls with decreased expression of CXCR3, and
decreased MZ B cells, increased plasmablasts
may be derived from GC B cells, and CXCR3
may not be playing a role in the survival of PB in
our patient. In patients with SIgMD, GC are
decreased [29]. Therefore, an increased GC B
cells may be an association with MGUS.

The B-cell activating factor (BAFF) and APRIL (a
proliferation-inducing ligand) plays a critical
role in B cell survival [13]. BAFF and APRIL bo-
th bind to transmembrane activator and calci-
um modulator and cyclophilin ligand interactor
(TACI), and BAFF binds to BAFF receptor (BA-
FF-R). BAFF-R and TACI are mainly expressed
on B cells. BAFF-R is receptors are expressed
on all stages of B cells including plasmablasts
except plasma cells [34]. BAFF is also involved
in the survival of plasmablasts and GC B cells.
In our patient, BAFF-R expression was increased
in both naive and a subset of memory B cells
(displayed two distinct peaks, one with incre-
ased expression). Therefore, increased expres-
sion of BAFF-R may play a role in increased GC
cells and plasmablasts in our patient. However,
It is unclear if increased BAFF-R expression
plays a role in the pathogenesis of MGUS.
Studies of expression of BAFF-R and TACI on B
cells have not been reported in MGUS or SIgMD.

B1 cells that spontaneously produce natural
antibodies, predominantly IgM isotype of low
affinity and polyspecificity [35] were compara-
ble to control. B1 cell numbers are also normal
in SIgMD patients [29].

CD21" B cells are innate-like B cells that
respond poorly to polysaccharide antigens [36].
Lau et al. [37] have reported that CD21'" cells

Am J Clin Exp Immunol 2019;8(4):37-46
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are recent GC graduates that are refractory to
GC reentry, and are predisposed to differentiate
into long-lived plasma cells. CD21'" B cells are
increased in common variable immunodeficien-
cy [36] and SIgMD [29] that are associated
impaired response to pneumococcal polysac-
charides. In the present case, both CD21"°" B
cells and response to pneumococcal polysac-
charide were normal.

Regulatory B cells (Breg) regulate various im-
mune responses and play an important role in
inflammatory, autoimmune diseases, and can-
cer [23, 24, 38]. Breg cells inhibit apoptosis
[39]. In our patient, Breg cell are increased.
Increased Breg are also observed in SIgMD
without MGUS [29]. Therefore, a role of Breg in
the development of MGUS is unclear.

Since the changes in various subsets of lym-
phocytes in our patient are distinct from those
reported for SIgMD without MGUS [29, 30], it
suggests that changes in both subsets of B
cells (GC B cells and PB) and subsets of CD4+
and CD8+ T cells (T, T, T, and T_,..) are
likely to be influenced by or associated with IgA
MGUS. It remains to be determined whether
some of these abnormalities in subsets of B
cells and CD8+ T cells may have a predictive
value for progression to multiple myeloma.

In summary, IgAN MGUS associated with SIgMD
appears to occur at a young age, and is char-
acterized by abnormalities predominantly in va-
rious B cell subsets, including plasmablasts.
These abnormalities may have a predictive va-
lue for progression to multiple myeloma. How-
ever, this would require a comprehensive analy-
sis of B cell subsets in large cohort of patients
with MGUS with a long follow-up.
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