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B cells and T cells abnormalities in patients

with selective IgA deficiency
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Abstract

Background Selective IgA deficiency (SIgAD) is the most prevalent inborn errors of immunity with almost unknown
etiology. This study aimed to investigate the clinical diagnostic and prognostic values of lymphocyte subsets and
function in symptomatic SIgAD patients.

Methods A total of 30 available SIgAD patients from the Iranian registry and 30 age-sex-matched healthy controls
were included in the present study. We analyzed B and T cell peripheral subsets and T cell proliferation assay by flow
cytometry in SIgAD patients with mild and severe clinical phenotypes.

Results Our results indicated a significant increase in naive and transitional B cells and a strong decrease in marginal
zone-like and switched memory B-cells in SIgAD patients. We found that naive and central memory CD4* T cell
subsets, as well as Th1, Th2 and regulatory T cells, have significantly decreased. On the other hand, there was a
significant reduction in central and effector memory CD8™ T cell subsets, whereas proportions of both (CD4* and
CD8™) terminally differentiated effector memory T cells (Tgy,za) Were significantly elevated in our patients. Although
some T cell subsets in severe SIgAD were similar, a decrease in marginal-zone and switched memory B cells and an
increase in CD21'°" B cell of severe SIgAD patients were slightly prominent. Moreover, the proliferation activity of
CD4* T cells was strongly impaired in SIgAD patients with a severe phenotype.

Conclusion SIgAD patients have varied cellular and humoral deficiencies. Therefore, T cell and B cell assessment
might help in better understanding the heterogeneous pathogenesis and prognosis estimation of the disease.

Keywords Inborn errors of immunity, Primary immunodeficiency, Selective IgA deficiency, B cell subsets, T cell
subsets, Flow cytometry, Proliferation assay
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Introduction
Selective IgA deficiency (SIgAD) is the most prevalent
primary  immunodeficiency disorder (PID) or

inborn errors of immunity (IEI), identified by serum
concentration of IgA below 7 mg/dL and normal
concentrations of IgG and IgM in patients over four years
of age. The majority of SIAD patients are asymptomatic,
although some of them manifest different clinical
manifestations, including gastrointestinal and respiratory
tract infections, allergic diseases and autoimmune
disorders. The disease progression to common variable
immunodeficiency (CVID) in a selected group of SIgAD
patients with IgG subclasses deficiency or autoimmune
disorders has been reported [1].

No specific causes for the pathogenesis of SIgAD have
not been reported yet. However, defects in the process of
IgA class switch recombination (CSR), IgA production
and secretion, as well as the long-term survival of IgA,
switched memory B cells and plasma cells of SIgAD
patients have been identified in unsolved cases [2].
Defects in these immunologic processes are associated
with abnormalities in the lymphocytes of SIgAD patients.
Hence, the assessment of the lymphocytes, especially
B cell and T cell subsets, could be valuable and helpful.
Several studies have demonstrated B cell and T cell
abnormalities in some groups of SIgAD patients [3,
4]. Regarding B cell subsets, a decrease in the number
of switched memory B cells, IgA plasma cells and
transitional IL-10" regulatory B cells of SIgAD patients
has been reported [5-8]. On the other hand, defect in
some T cell subsets of SIgAD cases have been reported
that is linked to insufficient IgA-producing B cells [5, 8,
9].

Flow cytometric immunophenotyping can play an
important role in the diagnosis, prognosis, classification
and management of patients with SIgAD. Hence,
for the first time, we aimed to investigate the main
subpopulations of B and T lymphocytes along with an
evaluation of T cell function, to clarify the correlation
between immunological characteristics and clinical
manifestations in symptomatic patients with SIgAD.

Material and methods

Patients

A total of 30 available symptomatic SIgAD patients
(from the Iranian IEI registry [10, 11]) and 30 age-sex-
matched healthy controls (HCs) were included in the
present study. The HCs were confirmed after clinical
and laboratory evaluations to have no immunodeficiency
or any underlying disease. The patients had referred
to the Children’s Medical Center (Pediatrics Center of
Excellence affiliated with Tehran University of medical

Page 2 of 12

sciences, Tehran, Iran). All patients were diagnosed
with SIgAD according to the European Society for
Immunodeficiencies [12]. The study was approved by
the Ethics Committee of Tehran University of Medical
and written informed consent was obtained from
all the individuals (IR TUMS.VCR.REC.1396.2018).
Demographic, clinical manifestations and immunological
data of the patients were documented in a questionnaire
form.

Classification of patients

To compare demographic, clinical and immunological
data, the patients were categorized into two groups
severe and mild (based on clinical manifestations) as
well as consanguine and non-consanguine groups (based
on parental consanguinity). The minimum inclusion
criteria for a patient to be considered symptomatic were
ten warning signs of the Jeffrey Modell Foundation. The
patients were divided into two groups of mild and severe,
as patients with severe infections (e.g., bloodstream,
central nervous system, and deep-seated infections
like osteomyelitis and arthritis), autoimmunity, or
malignancy were categorized in the severe group and
other complications were considered as a mild group.
Since pneumonia and other respiratory infections are
common in SIgAD patients and we wanted to check it as
a parameter between severe and mild groups, so we did
not categorize it in the severe group.

Lymphocyte subsets assay

Peripheral blood mononuclear cells (PBMCs) were
separated from 8 ml blood samples collected in
sodium heparin tubes using a Ficoll-Hypaque density
gradient centrifugation at 600 g for 25 min at 22 °C. For
extracellular staining, PBMCs were split into 5-panel
fractions and stained for 20 min at 2-8 °C in a dark
place with each cocktail containing the monoclonal
antibodies at optimal concentrations. The Bl panel was
utilized to determine naive (CD19tCD27 IgM*IgD™),
IgM  only memory (CD19tCD27" IgM**IgD"),
switched memory (CD197CD27'IgM IgD™) and
marginal zone-like B cells (CD197CD27*IgM**IgD™).
The B2 panel was used to identify CD21'% B cells
(CD19*CD217/°"CD38~ lovigM+++), plasmablast
(CD19*CD217°*CD38++/+++IgM~) and transitional
B cells (CD197CD21tCD38**IgM™). The T1 panel
was used to classify naive (CD4" or CD8" and
CD45RATCCR7"), effector memory (CD4t or CD8*
and CD45RA-CCR77), central memory (CD4" or
CD8%and CD45RA"CCR7") and Tpyga (terminally
differentiated effector memory) T cells (CD4" or CD8"
and CD45RATCCR7"). The T2 panel was used to classify
regulatory T cells (TregsCD4"CD25TFOXP3*CD127~
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low) " For intracellular staining, following the surface
molecule staining, they were fixed and permeabilized
throughout FOXP3/Permeabilization buffer (eBioscience,
US) according to the manufacturer’s instructions for
the following: Anti-Human FOXP3 (PE), Anti-Human
IL-17 (PE), Anti-Human IL-4 (APC) and Anti-Human
IEN-y (FITC). All antibodies and isotype controls were
purchased from eBioscience, US corporation.

To assess T helper cells (including Th1, Th2 and Th17),
1x10° (cell/mL) of PBMCs were cultured within in
the Roswell Park Memorial Institute (RPMI 1640) cell
culture medium, followed by stimulation with phorbol
myristate acetate (PMA, 50 ng/mL, Sigma-Aldrich, US) /
ionomycin (1 pg/mL, Sigma-Aldrich), and in the presence
of brefeldin (5 pg/mL, eBioscience). Then, the cells
were incubated at 37 °C in 5% CO2 and 95% humidity
incubator for 5 h. The stimulated cells were washed with
phosphate-buffered saline (PBS), and surface staining
with anti-human CD4 (PerCp)-Cy5.5 was performed.
Intracellular cytokine staining antibodies (anti-IFN-y
FITC, anti-IL-17 PE and anti-IL-4 APC for evaluation
of Th subsets and anti-FoxP3 PE for evaluation of Treg)
were added and incubated at room temperature for
30 min. Cells were washed with permeabilization buffer,
resuspended in cold staining buffer, and counts were
determined using a BD FACSCalibur Flow Cytometer
(BD Biosciences) (Additional file 1: Table S1). The gating
strategy is similar to our previous study [13, 14].

T cell proliferation assay

To assess T cell proliferation, PBMCs were cultured
with fluorescent 5,6-carboxyfluorescein succinimidyl
ester (CFSE, Biolegend, US). A CFSE stock solution
was prepared by dissolving CFSE in dimethyl sulfoxide
(DMSO) at a concentration of 5 mM/L, based on the
manufacturer’s instructions. This stock was frozen in
small aliquots to prevent excessive freeze and thaw
cycles. CFSE was added to a transverse falcon tube
containing 500puL of PBMC suspension (5x 10° cell/
mL) in RPMI 1640 cell culture medium containing 10%
FBS (fetal bovine serum, Biosera, France) with a final
concentration of 5 uM and 2 mM L-glutamine, 100 U/
mL penicillin and 100 pg/mL streptomycin (Lymphosep;
Biosera, France). The tube turned rapidly and vortexed
to ensure homogenous dispersal. After labeling, the cell
suspension was incubated for 5 min at 37 °C. Then, 9 mL
of RPMI1640 containing 10% FBS was added to the cell
suspension and it was centrifuged at 500 g for 5 min.
Cells were washed three times and 1 mL of RPMI1640
with 10% FBS was added. Regarding specific T cell
stimulation and proliferation, anti-CD3 antibody (1 pg/
ml) was added to 500 pL of sterile PBS, and the plate was
incubated at 37°C for 2 h. The coated plate was washed
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twice with sterile PBS and the labeled cells were directly
added, and finally, anti-CD28 antibody (2 pg/ml) was
added as a stimulant for T cells. The plate was incubated
at 37 °C in 5% CO, and 95% humidity incubator for
96 h [15-17]. An unstimulated well was considered as
a control for non-proliferative cells. After 96 h, the cells
were harvested and washed. After staining with Anti-
Human CD4 (PerCPCy5.5), the cells were eventually
analyzed by BD FACSCalibur™ Flow cytometer and
CellQuest Pro software (BD, Biosciences, San Jose, CA,
US). Proliferation analysis was performed by comparing
three criteria, including the percentage of cells divided
(%divided), the average number of cell divisions that a
cell undergoes (Division Index), and the average number
of cell divisions that occur in the entire primary cell
population (Proliferation Index) by FlowJo 7.6 software.

Statistical analysis

SPSS software (Windows version 16.0; SPSS Inc.,
Chicago, IL, US) was utilized for statistical analysis.
We used the Kolmogorov—Smirnov test to estimate
whether data were normally distributed. The findings
were presented as median (interquartile range [IQR],
presented as a range with 25th—75th percentiles) values.
A chi-squared test or Fisher’s exact test was utilized for
comparisons. For comparison of more than two groups,
if the data distribution was normal, ANOVA was used,
and if the data distribution was non-normal, Kruskal
Wallis’s test was utilized. The differences were considered
statistically significant for P-values that were < 0.05.

Results

Demographic, immunologic and clinical findings

Among all registered Iranian SIgAD patients, 30 available
patients (23 males and seven females) were recruited
in the present study. The median (IQR) age of patients
was 11 (7.3-16) years at the time of the study. Parental
consanguinity was present in 16 (53.3% of) patients.
Pneumonia (42.3%) was the most frequent clinical
manifestation in the studied patients and malignancy
was not diagnosed in this cohort. The demographic,
clinical and immunologic characteristics of patients
are summarized in Table 1. After categorizing patients
based on severe and mild phenotypes, demographic,
clinical and immunologic data were compared (Table 1,
Fig. 1). The patients with severe phenotype manifested
more respiratory complications than the mild group.
Other parameters have not demonstrated a significant
difference. The same comparisons were performed in
patients with and without consanguinity, and none of
them had a significant difference. In contrast, patients
with mild phenotype presented a slightly higher rate
of allergy and gastrointestinal manifestations with an
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Table 1 Comparison of demographic, clinical and immunological data of SIgAD patients with severe and mild phenotypes

(2023) 19:23
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Parameter All patients (n=30) Severe (n=12) Mild (n=18) p-value
Age, year (IQR) 11(7.3-16) 14 (6.3-34.5) 10(7.7-14.2) 027
Age of onset, year (IQR) 4 (2-8.75) 8 (3-26) 3(1.1-5.5) 0.05
Age of diagnosis, year (IQR) 8(5.5-13.7) 9 (8-26) 8(3.5-9) 0.06
Diagnostic delay, year (IQR) 2(1.1-4.7) 3(1-5) 0.9 (2-4.7) 08
Sex (Male/Female) 23/7 9/3 14/4 1.0
Lymphocytes, cell/ul (IQR) 4495 (3175-6325) 3650 (2300-5550) 4650 (4100-6725) 0.059
Lymphocytes % of leukocytes (IQR) 62 (43-77) 43 (39-58) 70 (55-78) 061
Neutrophil % of leukocytes (IQR) 45(37-56.5) 52.7 (46-63.7) 425 (32-51.5) 0.04
CD3% of lymphocytes (IQR) 60 (53-67) 53 (50.2-63) 65 (57-70) 0.08
CD4% of lymphocytes (IQR) 35.5(31-40.7) 33.5(31.5-40.7) 36 (34-40.5) 0.38
CD8% of lymphocytes (IQR) 25(19.7-30.5) 17.5(16.2-20.2) 26 (22-31) 0.02
CD19% of lymphocytes (IQR) 16 (11.5-29.5) 15.5(8.2-32.5) 16 (13.5-23) 0.81
I9G, mg/dl (IQR) 1380 (1006-1680) 1630 (1180-1931) 1216 (793-1534) 0.22
IgA, mg/dl (IQR) 0.5 (0-4.5) 2 (0-5.5) 0.3 (0-4.0) 0.77
IgM, mg/dl (IQR) 62.5(59-119) 80 (118-175) 59.5 (49-92) 0.03
IgE, IU/ml (IQR) 43 (12.7-87) 32.5(2.5-180) 495 (16.5-75) 0.84

IQR: Range with 25th percentile and 75th percentile; N: number. P <0.05 were considered significant. Since the ages of the two groups of patients at diagnosis and at

the time of the study were not significantly different, age was not a confounding factor in comparing clinical symptoms

Clinical manifestations of severe and mild SIgAD patients
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Fig. 1 Comparison of clinical manifestations among severe and mild SIgAD

increased serum IgE level, suggesting an increased
switching toward IgE production.

B-cell subsets

SIgAD patients showed significantly an increased
frequency of CD19% B-cells [11.2% (9.4-13.07%) vs.
7.2% (6-8.6%), p<0.001], with increased naive B-cells
[71% (63.7-80%) vs. 66.5% (56.2-71.1%), p=0.036]
and transitional B-cells [8% (3.6-13.5%) vs. 4.8%

(2.6-9.5%), p=0.032] compared with HCs. In contrast,
the percentage of marginal zone-like [2.3% (2-3.5%)
vs. 3.4% (2.3-4.8%), p=0.022) and switched memory
B-cells [3.5% (1.9-5.5%) vs. 6% (3.5-8.4%), p=0.006]
were significantly lower than HCs. However, decreased
IgM-only memory and plasmablasts and increased
CD21"" B-cells in patients than those in HCs were not
significant (Fig. 2). Interestingly, some comparisons
were significant between patients’ clinical groups. The
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percentage of CD19" B cells in both mild and severe
phenotypes was significantly higher than HCs [11.6%
(8.7-13) vs. 7.2% (6-8.6), p<0.0001, 10.8% (9.6-13.2)
vs. 7.2% (6-8.6), p<0.0001], respectively. Severe
SIgAD patients demonstrated a significant increase
in the percentage of CD21'°Y B-cells [1.5% (1-2.2) vs.
2.7% (1.6-5.6), p=0.025], and a significant decrease
in the percentage of both marginal-zone and switched
memory B cell subsets [3.4% (2.3-4.8) vs. 2.2% [2, 3],
p=0.040, 6% (3.5-8.4) vs. 2.7% (1.7-4.7), p=0.003],
respectively. The percentage of transitional B cells
in mild SIgAD patients was higher than HCs [10.7%

(3.9-13.8) vs. 4.8% (2.6-9.5), p=0.047] (Fig. 3). The
percentage of IgM-only memory was significantly
higher in patients with consanguinity than in those
without consanguinity. We also categorized the
frequency of B cell subsets of SIgAD patients into
three categories: normal, decreased and increased
based on the normal range of HCs (Table 2). Based
on this analysis, the most decrease in B cell subsets is
related to switched memory B-cells (23%), while the
most increase is related to naive B cells (27%) in SIgAD
patients. Except for increased CD21'° B-cells in severe
SIgAD patients compared with mild SIgAD patients.
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Fig. 3 Quantitative analysis of B cell and T cell subset percentages in severe and mild SIgAD patients. The median is represented by a horizontal
line. Data were analyzed using the Mann-Whitney U test. *p < 0.05, statistical significance between severe and mild patients

T-cell subsets

The subset separation of CD4" T cells revealed a
significant reduction in total CD4%" T cells [36.5%
(30.8-41.2%) vs. 40.1% (37.3-47.2%), p=0.038)], central
memory cells [11% (7.3-13.1%) vs. 24.5% (16-29%),
p<0.0001), Thl [7.7% (5.2-9.9%) vs. 12% (7.8-16%),
p»=0.002], Th2 [0.3% (0.2-0.4%) vs. 0.6% (0.4—1.3%),
p<0.0001] and Tregs [0.3% (0.03-0.7%) vs. 1.4% (1.1-
1.6%), p<0.0001] in patients compared with HCs.
Oppositely, the percentage of Tgypra [9.5% (5.7-16.4%)
vs. 2% (1.3-6.2%), p<0.0001] was meaningfully higher
than HCs. Moreover, decreased effector memory and
Th1l7, and increased naive helper T cells in patients

in comparison with HCs were not significant (Fig. 2).
Regarding the percentage of CD8" T cell subsets, central
memory [0.6% (0.3—0.8%) vs. 3% (2—6%), p<0.0001] and
effector memory [12.3% (7.6-22.1%) vs. 23.9% (19.5-
27.2%), p<0.0001] were markedly diminished in patients
compared with HCs. On the other hand, the percentage
of cytotoxic Tpypa [44.1% (28.4-55.7%) vs. 24.4% (20—
31%), p<0.0001] was significantly higher than HCs.
However, increased total CD8% T cells and decreased
naive CD8" T cells were not significant in patients
compared to those in HCs (Fig. 2).

Regarding the comparison of the percentage of CD8*
T cells subsets between severe SIgAD patients with
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Table 2 Distribution of normal, increased and decreased proportions of T cell and B cell subsets in all SIgAD patients. N=30

B cell subsets

Normal N (%)

Increased N (%) Decreased N (%)

CD19" B cells 26 (87%) 4 (13%) 0
Naive B cells (CD19%, CD277, IgM™, IgD™) 21 (70%) 8 (27%) 1(3%)
Marginal zone-like B cells (CD19%, CD277, IgM*+, IgD™) 26 (87%) 2 (7%) 2 (7%)
Switched memory B cells (CD19%, CD27F, IgM~, IgD™) 23 (77%) 0 7 (23%)
IgM-only memory B cells (CD19F, CD277, IgM*, IgD™) 29 (97%) 0 1 (3%)
CD21"°% B cells (CD19, CD217/°%, CD38~/°%, IgM*++) 29 (97%) 1 (3%) 0
Transitional B cells (CD19%, CD21F, CD38™, IgM™) 24 (80%) 4 (13%) 2 (7%)
Plasmablasts (CD19F, CD217/19%, CD38*+/+++ IgM™) 26 (87%) 1 (3%) 3 (10%)
CD4T T cells 25 (83%) 3 (10%) 2 (7%)
Naive T cells (CD4", CD45RA™, CCR7Y) 23 (77%) 6 (20%) 1(3%)
Central memory cells (CD4", CD45RA™, CCR71) 21 (70%) 1 (3%) 8 (27%)
Effector memory cells (CD4, CD45RA~, CCR7™) 22 (73%) 0 8 (27%)
Tewma Cells (CD4Y, CD45RAT, CCR7™) 20 (67%) 10 (33%) 0

Th1 (CD4™, IFN-y") 26 (87%) 1(3%) 3(10%)
Th2 (CD4™, IL-4T) 27 (90%) 0 3(10%)
Th17 (CD4™, IL-17A™) 27 (90%) 3(10%) 0
Regulatory T cells (CD4*, CD25F, FoxP3+, CD127~ /o) 10 (33%) 0 20 (67%)
CD8*T cells 28 (93%) 2 (7%) 0
Naive T cells (CD8', CD45RA™, CCR7™) 26 (87%) 1(3%) 3(10%)
Central memory T cells (CD8*, CD45RA™, CCR7T) 27 (90%) 0 3(10%)
Effector memory T cells (CD8, CD45RA™, CCR7™) 25 (83%) 0 5(17%)
Tewra T cells (CDS, CD4SRAY, CCR7™) 18 (60%) 11 (379%) 1 (3%)

HCs, naive T cells, effector and central memory cells
demonstrated a significant reduction. Also, there was
a significant decrease in the percentage of total CD4"
T-cells, central memory, Thl, Th2, and regulatory T
cells, whereas Tyrs in both CD4" and CD8' T cells
demonstrated an increase. On the other hand, the
percentage of effector and central memory cells within
CD8' T cells, as well as central memory, Tgyga Thl
and regulatory T cells within CD4" T cell subsets
demonstrated a significant decrease in mild forms
of SIgAD compared to HCs. In contrast, we found
an increase in Tgyry CD8" T cells and Th2 CD4t T
cells in mild patients compared to controls (Fig. 3).
Comparisons of the percentages of all T cell subsets
between SIgAD patients with and without consanguinity
have not indicated any significant difference. We also
categorized the frequency of T cell subsets of SIgAD
patients into three categories: normal, decreased and
increased based on a normal range of HCs (Table 2).
Based on this analysis, the most decrease in T cell
subsets is related to Tregs (67%), while the most increase
is related to CD8" Tpypa (37%) in SIgAD patients.
Flow cytometry results of B cell and T cell subsets in
30 SIgAD patients have shown separately in Additional
file 1: Tables S2 and S3. To evaluate the impact of the
T cell subset on the switching process of B cells and

the production of different Ig subtypes we performed a
correlation analysis. Surprisingly only IgG but not IgM
and IgE were significantly associated with specific T cell
subsets (negative association with naive CD4 and naive
CD8 T cells and positive association with CD41 Tgy,
and Thl7 cells, Additional file 1: Table S4) indicating
the independent association of IgM to IgE from
co-stimulation of T cell subsets in our patient cohorts.
Moreover, correlation analysis of absolute counts and
percentage of subsets should significant direct correlation
in all measured parameters (Additional file 1: Table S5).

T cell proliferation

The data generated by CEFSE labeled cultures was
analyzed to quantify CD4" T cell proliferation. There
was no significant difference in division index (DI),
proliferation index (PI) and percent divided (PD) between
SIgAD patients and HCs (Fig. 4). Interestingly, when we
compared these indexes between SIgAD patients with
severe and mild phenotypes, we found that the median
DI and PD in severe SIgAD patients in comparison with
mild cases were significantly abrogated [0.1 (0.08-0.4)
vs. 0.5 (0.3-0.8), p=0.019 and 12.2 (8.4-26.4) vs. 42.5
(26.8-52.6), p=0.009, respectively]. However, there was
no significant difference in PI between severe and mild
groups (Fig. 4). On the other hand, comparisons of DI,
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Fig. 4 Comparison of T lymphocyte proliferation indexes in severe and mild SIgAD patients. The median is represented by a horizontal line.

*p<0.05, statistical significance between severe and mild patients

PI and PD between SIgAD patients with and without
consanguinity were not significant.

Discussion

SIgAD is the most prevalent IEI with various clinical
manifestations. These patients have a different spectrum
of clinical manifestations. Accordingly, immunologic
investigations in patients with a different spectrum of
clinical manifestations are helpful. The most prevalent
clinical manifestation in IEIs, especially in SIgAD, is
recurrent respiratory infections [18-20]. We found
pneumonia as the most frequent complication in our
registered symptomatic patients. Recurrent respiratory
infections commonly manifest in the form of upper
respiratory tract infection and may remain undiagnosed
for several years; however, some SIgAD patients manifest
more severe phenotypes such as bronchiectasis or
obliterate bronchiolitis which force immunological
investigation in these patients [21]. Given that recurrent
respiratory infections have been reported as the most
important cause of morbidity and death in children with
IEIs, especially primary antibody deficiencies [22, 23],
early diagnosis and management of respiratory disorders
associated with SIgAD is very important [24, 25].

It has been indicated that abnormalities in B cell
subsets are observed in some SIgAD patients [3, 4].
Our results indicated a significant increase in naive and
transitional B cells and a strong decrease in marginal
zone-like and switched memory B-cells. This abnormal
B cell pattern suggests defects in the terminal stages of
B-cells differentiation, similar to CVID patients [26].
Given that CVID and SIgAD share almost similar

genetic backgrounds and may accumulate as multiple
cases within a family, this resemblance is predictable. In
general, more than half of IEI patients registered in the
Iranian registry have parental consanguinity, but this rate
still is less common in SIgAD patients. In SIgAD Iranian
patients compared to Western patients, consanguinity is
more prevalent. Although monogenetic causes may exist,
it has not been identified yet despite next-generation
sequencing in several patients [27].

We detected a reduction in marginal zone-like and
switched memory B-cells, especially in severe SIgAD
patients, as has been previously reported [28]. Recently
we reported similar reduction in marginal zone-like and
switched memory B-cells in CVID patients [14]. On
the other although we observed a significant decrease
in switched memory in Ataxia Telangiectasia (AT)
patients but a sharp increase in the marginal zone-like
B cells was observed [29]. SIgAD patients, especially
a group of patients with severe clinical manifestations
(recurrent and intensive infection, and autoimmunity),
have lower switched memory B-cells [28, 30, 31]. It has
been suggested that the decrease in switched memory
B-cell subpopulation is due to defects in the level of
antibody class-switching recombination (CSR) process,
caused by enzymatic deficiency, or abnormalities in
the cytokine networks and their receptors [28]. Some
SIgAD patients with severe phenotype progress to CVID,
which reflects this subgroup of SIgAD may share with
CVID common immune pathogenesis, particularly in
the development of CSR step. Accordingly, switched
memory B-cells are considered a diagnostic biomarker
in patients [28]. However, the frequency of switched



Bagheri et al. Allergy, Asthma & Clinical Inmunology (2023) 19:23

memory B-cells is normal among children in our study
population, and the reduction was observed more in
adult patients; suggesting that aging probably leads to
the progression of SIgAD to CVID, especially in patients
with severe clinical manifestations (data not shown). On
the other hand, marginal zone B cells are a specialized
population of B cells that produce IgM for the protection
against infections, especially encapsulated bacteria [32].
Although previous studies have shown that the number
of marginal zone-like B cells in SIAD patients was not
different compared to normal controls [33], nevertheless,
we obtained a significant reduction in marginal zone-
like B cells in our cases, similar to a previous report in
CVID patients [34]. Reducing marginal B cell subsets in
other patients with antibody production defects could
be associated with an increased risk of infection such as
pneumonia and a decrease in serum IgM levels, similar to
CVID patients [35].

We found increased CD21'% B cells compared to
control, mainly in severe SIgAD patients. Previous
studies have reported an increase in CD21°% B cells
in both SIgAD [3] and CVID patients [36], and other
autoimmune diseases [37]. Recently also has been
reported increase in the CD21°Y in AT patients [29]. An
increase in the number of CD21'°¥ cells is directly related
not only to autoimmunity but also to infection [36].
On the other hand, chronic exposure to viral infection
may lead to the conversion of antigen-reactive B cells
to unresponsiveness CD21"" B cells [38]. To clarify the
cause of expanded CD21°% B cells; it is necessary to
make further investigations for this B cell subpopulation.
Given the high subpopulation of CD21"" B cells in
CVID patients and the progression of some patients with
SIgAD to CVID, the severe group of SIAD patients with
increased CD21'°Y B cells will more likely develop CVID.
Therefore, they need a more regular follow-up to assess
the course of the disease.

Transitional B cells are at an intermediate stage in the
development between bone marrow immature cells and
mature B cells in the spleen [39]. In the present study, we
observed significantly increased transitional B cells in
our SIgAD patients, especially in severe SIgAD patients,
although the number of transitional B cells in children
with SIgAD was normal (data not shown). We recently
observed significantly decreased of the transitional B
cells AT [29]. In contrast to previous studies that showed
decreased transitional B cells [8, 28, 40], adult patients
indicated slightly increased transitional B cells. Moreover,
Lemarquis et al. showed a decrease in the functional
activity of transitional B cells based on IL-10 production
and CpG stimulation [40]. Given the defect in terminal
stages of B-cells in SIgAD, it seems that an increase in
transitional B cells and naive B cells of our patients is due
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to a compensatory mechanism that augment early B cell
development. Regarding different results between our
study and others, it seems that this difference is due to
different selection processes, as all of our patients were
symptomatic, while others studied heterogeneously
asymptomatic and symptomatic SIgAD patients.

Regarding T cell subsets, we observed decreased total
CD47 T cells, Th1, Th2, Treg cells and increased Tpy g4 in
both CD4" and CD8™ cells. Consistent with our results,
previous studies have shown an increase and reduction in
CD8*" and CD4" T lymphocytes population, respectively
[4]. Also, we found that central memory in both
CD4" and CD8" T cells and effector memory CD8" T
lymphocytes were decreased in SIgAD patients compared
to HCs. We observed a significant increase in the Tpypa
cell subset in both CD4%t and CDS8% lymphocytes
population, especially in severe SIgAD patients. Tpyra is
a third T cell memory subset in peripheral inflammatory
tissues that express CD45RA but lack expression of
CCR7 or CD27. In humans, Ty, cells accumulation
is affected by chronic infections, such as CMV [41, 42].
An increase in these terminated T cell subsets might be
due to chronic cellular response to infections in these
patients; however further studies need to be performed
regarding this phenomenon. Consistent with our results,
Nechvatalova et al. demonstrated expanded CD4% and
CD8™ Tgyra cells in SIgAD patients that were related to
CMYV infection [43]. We did not examine CMYV infection
in SIgAD patients, but an increase in the number of
TEMRA cells subset in our patients could be related to
chronic infections.

We recently evaluated specific antibody responses to
PPSV-23 in patients with SIgAD and AT and revealed
that 18.6% of the SIgAD patients and 81.3% of AT
patients had an inadequate response. The number of
plasmablasts, marginal zone B cells, transitional B cells,
naive CD8" T cells, and percentage of CD8" T cells,
IgM memory B cells and switched memory B cells in
SIgAD patients were significantly lower in non-responder
group than responder group. Although specific antibody
deficiency is more frequent in AT patients than SIgAD
patients [44].

Regulatory T cells play an important role in the
production of IgA antibodies by transforming growth
factor-beta (TGF-B) secretion [45-47]. We found
significantly decreased Tregs in our patients consistent
with previous studies published [48], although one study
reported increased Tregs in SIgAD patients [43]. It has
also been reported a correlation between reduced Treg
cells and the severity of SIgAD disease, especially in
individuals with autoimmunity, and IgA CSR deficiency
in patients with severe clinical manifestations [30, 48].
The low frequency of Treg cells and other T cell subsets,
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including Th1 and Th2 in our patients, may be due to low
thymic emigrants caused by defective thymopoiesis and
or increased apoptosis of these cells [49].

T cell functional assay by mitogenic or antigenic
stimulation is an important feature in the diagnosis of
various immune disorders and immunodeficiencies [50].
Traditionally, there is one protocol for evaluating the
function of T cells based on uptake of [3H] thymidine
following PHA stimulation using radioactive components
that needs specific laboratory conditions and also it is not
T cell-specific as it can stimulate several other immune
cells as well. On the other hand, the most important
weakness is that no information about specific cell
subsets could be obtained. CFSE proliferation assay is
a practical choice for evaluating T cell responses to an
antigen or mitogen in IEI patients, especially SIgAD
for targeting further potential T cell defects analyses
in these patients [51]. So far, there are few reports of
T-cell response defects in SIgAD patients. As expected,
our study does not reveal any significant difference in T
cell response between patients and controls. However,
when we categorized patients into two groups based on
severe and mild phenotypes, severe patients indicated
decreased T cell proliferation compared to mild patients.
This result could be an important finding for categorizing
SIgAD patients for knowing prognosis of the patient.
We recently reported that T cell proliferation was
markedly impaired compared to the healthy controls
in CVID patients and AT patients [29, 52]. Moreover,
this indicates that SIgAD patients with defective T cell
proliferation should be followed further for precise
medical management. We recommend further studies
for evaluation of T cell function for SIgAD patients
based on severe and mild phenotypes in other studies.
Limitations of the experiment included the small number
of symptomatic patients, the unavailability of many of
them and even the improvement of some patients.

Conclusions

Our results indicated significant abnormalities in B
cell patterns similar to CVID patients. Given that
CVID and severe forms of SIgAD share almost similar
clinical and immunological phenotypes and most
likely genetic background, this notion is predictable.
Based on phenotype analyses, we observed some more
abnormalities in SIgAD patients with severe phenotypes
such as a high subpopulation of CD21'V B cells and T
cell proliferation defect. Accordingly, severe patients
manifest a higher number of respiratory infections
compared to mild SIgAD, with numerous numbers of
those suffering from sinusitis, otitis, pneumonia and
bronchiectasis, suggesting further follow-up and more
precise management in these patients. The findings of the
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present study suggest that the investigation of B and T
cell subsets could be helpful for a better understanding of
the pathogenesis and prognosis of the disease.
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