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Abstract

Background. Type 1 diabetes mellitus (T1DM) is a complex autoimmune
disorder. Despite the crucial anti-inflammatory role of 1L-10-secreting memory
regulatory B cells (memory Bregs), their specific profile and function in TIDM
remain poorly understood.The aim of the study was to investigate the peripheral
blood frequencies of total B cells, regulatory B cells (Bregs), and memory Breg cells
(CD19+IL-10+ CD24"hi CD27+) in patients with Type 1 Diabetes Mellitus
(T1DM). Furthermore, the study aimed to evaluate the impact of concurrent urinary
tract infections (UTIs) on these immune profiles by comparing T1DM patients with
and without UTlIs to healthy controls, thereby elucidating the interplay between
bacterial infections, Breg cell depletion, and T1DM pathogenesis. Materials and
methods. This case-control study evaluated male children T1DM patients,
categorized by the presence or absence of concurrent UTIs, alongside a healthy
control group. Flow cytometry was utilized to quantify the frequencies of total B
cells and memory Bregs subsets. Additionally, clinical markers including glutamic
acid decarboxylase autoantibodies (GADA) and C-peptide levels were assessed.
Results. A significant decrease in total B cells and overall regulatory B cells was
observed among T1DM patients, particularly those with concurrent UTIs. Notably,
memory Bregs exhibited a significant stepwise decline: dropping from 47.07% in
healthy controls to 26.97% in T1DM patients without UTIs, and further decreasing
to 21.98% in those with UTIs. Coupled with elevated GADA and diminished C-
peptide levels, these findings demonstrate that bacterial infections significantly
exacerbate the depletion of regulatory B cell subsets. Conclusion. The profound
depletion of total B, Breg, and memory Breg cells in TADM children exacerbated by
concurrent bacterial infections critically drives the loss of immune tolerance and 3-
cell destruction. Therefore, restoring memory Breg function offers a promising

immunotherapeutic strategy for TLDM.
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Pe3rome

Beeaenue. Caxapusiii quadet 1 tuna (Cl1) — KoMIuieKCHOE ay TOMMMYHHOE
3abosieBaHue. HecMoTps Ha pelarollyr0 IpOTUBOBOCHIAIUTENBHYIO poib (Breg-
KJIETOK), cekperupytonmx MJI-10, ux cneunduueckuit npoduib U QyHKUHS TpU
C/11 n3y4eHHBIMH OCTal0TCs HeAOCTaTOYHO. Llenpio uccnenoBanms ObUI0 U3yUEHHUE
4acTOTHI ONpeieNieHus B eprudepruueckoi KpoBH 001uX B-KIIeTOK, peryasiTOpHbIX
B-knerok (Breg) m Breg-xnerok mamsaru (CDI19+IL-10+ CD24hi CD27+) y
NaUeHToB ¢ caxapHbIM nuadetoM 1 tuna (C/{1). Kpome Toro, Takke olleHUBaIOCh
BIUSIHUE CONYTCTBYIOIIMX HH(pekuuid MoueBbBoadmux nyred (MMBII) nHa
UMMYHHbIE MPO(UIN yKa3aHHBIX NOMyJALMA B-KIETOK mpu MX CpaBHEHUU Y
nanueHToB ¢ CJ[1 ¢ UMBII u 6e3 HuX co BOJIOHTEpaMU KOHTPOJIBHOM IPyIIIbI s
YCTAaHOBJICHHSI B3aUMOCBA3U MEX]y OaKTepuaIbHbIMH MH(DEKIUSIMHU, UCTOLIEHUEM
Breg-knerok u narorene3om CJ/[1. Matepuansl u Mmeroasl. B uccnenoBanuu tuma
«CIIy4al-KOHTPOJIbY» OLEHMBAIUCh Manbunku ¢ C/l1, pazgeneHHple MO HAITWYUAIO
Ui oTcyTcTBUIO conyTrerByrommx MMBII, Hapsny co 310p0OBOM KOHTPOJIBHOU
rpynnou. J{ias KoJIm4ecTBEHHOM OLIEHKH YacTOThl BCTPEYaeMOCTH 00IIUX B-KkieTok
U CcyOnomyJjsiuuid peryyisaTOpHbIX B-KIETOK maMmsTH KCMOJIb30Bajlach MPOTOYHAsS
nutoMerpus. Kpome Toro, ObUTM OLIEHEHBl KIMHUYECKHE MAapKepbl, BKIIOYas
ayToaHTUTENa K IIyTaMUHOBOM NekapOokcunaze (GADA) u ypoBau C-mentupa.
Pesynbratel. ¥V mamumentoB ¢ CJ[1, ocobenno mnpu comytctBytonux HMMBII,
HAOJI0JaIOCh  3HAYUTEIbHOE CHIDKEHHE O0OIero KojiudectBa B-kieTtok u
peryJaTopHbIX B-knetok B nenom. [IpuMedarenbHo, 4TO KOJIMYeCTBO Breg-KieTok
NaMsITH JIEMOHCTPUPOBAJIO JIOCTOBEPHOE cTyneHdaroe cHuxkenue: ¢ 47,07% y
3I0POBBIX KOHTPOJBHBIX JIHIL 10 26,97% y manuentoB ¢ CJI[1 6e3 UMBII u nanee
1o 21,98% y nun ¢ UMBIIL. B couyerannn ¢ nosellieHHBIM ypoBHEM GADA n
CHI)KEHHbIM ypoBHeM C-mentuja NOJyYEHHbIE JaHHbIE IIOKa3bIBAKOT, YTO
OakTepralibHble MH(MEKIIMU 3HAYUTEIbHO YCHUJIMBAIOT MCTOIIECHUE CYyONOIMyIsIuil

perynstopHbix B-knetok. 3akmrodenue. BpipakeHHOE€ CHIKEHHE  O0OIIEro
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KoJmuecTBa B-kieTok, perynsatopHbix B-kiieTok v perynsatopHbix B-kieTok namstu

y aeteit ¢ C/1, ycyryOisiemoe COImyTCTBYIOIMMU OaKTepUaaIbHbBIMU HHOEKIUAMU,
KPUTUYECKHA BIHSICT HA TMOTEPI0 MMMYHHOH TOJIPAHTHOCTH W paspylieHue [3-
KkiIeTok. Takum 00pa3oM, BOCCTAaHOBJIICHHE (DYHKIIMU PETYyJIATOPHBIX B-KieTok
namMsITH TPEACTaBIAET COOOM MHOTOOOCHIAIONIYI0 HWMMYHOTEPANEeBTHYECKYIO

CTPATCTHIO IJIs JICUCHHA CaXapHOTO I[I/Ia6CTa 1 Tumna.

KiroueBble ciioBa: B-KHGTKI/I, PETYJIIATOPHBIC B-KHGTKI/I, B-xnetkn IHaMsITH,

caxapHblil nuadet 1 Tumna, nHOEKIUs MOYEBBIBOISAIIUX ITyTEH, UMMYHHBINH OTBET.
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1 Introduction

Type 1 diabetes mellitus (T1DM) is a chronic autoimmune disease
characterized by the progressive, immune-mediated destruction of insulin-producing
pancreatic beta () cells within the islets of Langerhans [15,24]. This destruction
leads to an absolute insulin deficiency and profoundly impaired glucose
homeostasis [51]. The pathogenesis of TLIDM is marked by significant alterations
across multiple lymphocyte populations [42]. While autoreactive CD4+ and CD8+T
cells serve as the primary effectors of B-cell destruction, defects in regulatory T cells
(Tregs) also heavily contribute to the loss of peripheral immunological tolerance
[52]. Clinically, the first stage of T1DM is identified by the presence of
autoantibodies targeting pancreatic p-cell antigens, such as GAD [1], zinc
transporter 8 (ZnT8) [45], or islet antigen 2 (IA-2) [16]. The presence of these
autoantibodies, coupled with declining C-peptide levels, underscores the critical and
complex involvement of B-lymphocyte populations in the initiation and progression
of the disease [23]. Beyond their traditional role in autoantibody production, specific
B cell subsets, known as regulatory B cells, play an essential immunosuppressive
role [29]. Originating from bone marrow precursors, Breg cells differentiate in the
periphery in response to specific inflammatory signals and microenvironmental cues
[49]. They are instrumental in maintaining peripheral tolerance and restraining
chronic inflammation in various pathologies, including rheumatoid arthritis [2],
celiac disease [3], and experimental autoimmune encephalomyelitis [20]. In humans,
immature transitional CD19+CD24”hi CD38”hi B cells can acquire regulatory
capacity following CD40 stimulation. They partially suppress T helper cell
differentiation primarily through the secretion of interleukin-10 (IL-10) [47], and
their inhibitory capacity is further enhanced in the presence of CD80 ligation [21].
However, the dysfunction of these cells is a hallmark of several autoimmune
pathologies. For instance, CD19+ CD24*hi CD38"hi B cells isolated from patients
with systemic lupus erythematosus (SLE) exhibit resistance to further CD154
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stimulation, secrete significantly less IL-10, and lack the suppressive capabilities

characteristic of healthy B cells [44]. Despite this growing evidence, the precise role
of Breg cells in maintaining peripheral tolerance in human T1DM remains
insufficiently defined. Recent immunological advances have highlighted the
existence of a highly specialized subset known as memory Bregs. These cells
uniquely merge the long-term survival characteristics of memory B cells with the
potent suppressive functions of regulatory cells [27,31]. Phenotypically
characterized as CD19+ IL-10+CD24"hiCD27+cells, memory Bregs are capable of
mounting a rapid, robust, and highly effective regulatory response upon re-exposure
to an antigen [22,32]. They actively participate in inhibiting T cell activation,
reducing the overall production of pro-inflammatory cytokines, and facilitating the
restoration of immune homeostasis in severely inflammatory environments [19].
The progression of T1DM is closely intertwined with environmental triggers,
particularly bacterial infections. Chronic infections can exacerbate systemic
inflammation, thereby increasing insulin resistance and negatively affecting
glycemic control [40]. Conversely, persistent hyperglycemia in TLDM significantly
increases susceptibility to recurrent bacterial infections, particularly UTIs [35]. We
specifically focused on UTIs because diabetes-induced glucosuria creates an ideal
metabolic environment for bacterial colonization, a condition frequently exacerbated
by autonomic neuropathy affecting bladder function [10]. Consequently, UTIs serve
as a frequent, clinically significant inflammatory stressor that can profoundly impact
the immune landscape of diabetic patients [18,33]. Understanding how frequent
bacterial infections, such as UTIs, influence the numerical and functional profiles of
specific immune cells is essential for developing effective preventive and
therapeutic strategies. Therefore, the objective of this study was to investigate the
peripheral blood frequencies of total B cells, regulatory B cells (Bregs), and
specifically memory Breg cells (CD19+IL-10+CD24”hi CD27+) in patients with
T1DM. Furthermore, the study aimed to evaluate the direct impact of concurrent

UTIs on these immune cell profiles by comparing TIDM patients with and without
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UTIs to healthy controls. Ultimately, this approach seeks to elucidate the interplay

between bacterial infections, the depletion of regulatory B cell subsets, and the

pathogenesis of TADM.
2 Materials and methods
Patients and controls

The sample size comprised 90 male children participants aged between 5 and
15 years. This included 60 children diagnosed with T1DM (categorized into 30
patients with UTIs and 30 without UTIs) and 30 healthy children serving as a control
group. The clinical component of the study was conducted at Al-Hussein Teaching
Hospital in Karbala. The diagnosis of TIDM was established based on the World
Health Organization (WHO) criteria, specifically a typical history of elevated fasting
blood glucose (FBG) levels and Hemoglobin Alc (HbA:c), accompanied by a
decrease in C-peptide secretion in patients exhibiting at least one pancreatic
autoantibody, such as GADA [5]. The mean duration of the disease for patients with
T1IDM was (4.2 = 1.1) years.The healthy control group had no history of malignancy
or autoimmune diseases, and none of the participants were receiving
iImmunosuppressive medications. Furthermore, all participants were confirmed to be

free of allergies or other chronic infectious diseases .
Blood collection and processing

Six milliliters of peripheral venous blood were drawn from each subject and
distributed into two types of tubes: an ethylenediaminetetraacetic acid (EDTA) tube
for flow cytometry and HbA;c analysis, and a gel tube for GADA and C-peptide
secretion assays. For flow cytometric analysis, peripheral blood mononuclear
cells (PBMCs) were subsequently isolated from the EDTA-treated blood using
density gradient centrifugation[13].
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Clinical parameters tests

Fasting blood glucose levels, connecting peptide (C-peptide), and HbA;C were
measured using the cobas e 411 analyzer (Roche Diagnostics, Mannheim,
Germany). GADA were quantitatively estimated using commercial Enzyme-
Linked Immunosorbent Assay (ELISA) kits (Elabscience, Wuhan, China)

according to the manufacturer's instructions [11].
Measurement of immunological markers by flow cytometry

The frequencies of total B cells (CD19+), regulatory B cells (CD19+ IL-10+
Breg cells), and memory Bregs (CD19+ IL-10+ CD24*hi CD27+ memory Bregs)
were determined using flow cytometry. The tests were performed at Imam Zain Al-
Abidin Hospital using a flow cytometer (BD Biosciences, San Jose, CA, USA). The
human monoclonal antibodies utilized for surface and intracellular staining
included: anti-IL-10 APC-R700 (clone JES3-19F1), anti-CD19 PE-CY7 (clone
HIB19), anti-CD24 FITC (clone ML5), and anti-CD27 PE (clone L128) (all
purchased from BD Biosciences, San Jose, CA, USA). To accurately establish gating
boundaries and exclude non-specific binding, appropriate fluorochrome-conjugated
isotype control antibodies (BD Biosciences) were utilized during the optimization
phase. For the detection of surface markers, the isolated PBMCs were stained with
the respective monoclonal antibodies and incubated in the dark at room temperature
to prevent photobleaching of the fluorochromes. To detect intracellular IL-10
expression within the CD19+B cell population, it was necessary to prevent cytokine
secretion by inhibiting intracellular protein transport. Therefore, the BD IntraSure™
Kit (containing Intra A and Intra B reagents) was employed. This kit provides ready-
to-use permeabilization reagents that allow for optimal intracellular staining while
preserving the integrity of cell surface markers [32,38]. The samples were analyzed

utilizing a specific gating strategy, as detailed in Figure 1.
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Urine culture and diagnosis of urinary tract infection

Urine samples (10 mL) were collected from all study participants to identify
potential bacterial causes of UTIs. The samples were cultured aerobically on
MacConkey agar and Blood agar at 37°C for 48 hours [32]. The primary
classification of patients into the UTI group was based on quantitative colony
counting rather than extensive species differentiation. After the incubation period,
the number of bacterial colonies was counted to determine the bacterial
concentration. Samples were considered positive for a UTI if the plates yielded >10°
colony-forming units (CFU)/MI . Samples with fewer than were considered negative

and were excluded from the UTI categorization [37].
Statistical analysis

Data analysis was performed using the Statistical Package for the Social
Sciences (SPSS) software, version 25 (IBM Corp., Armonk, NY, USA).Analysis
of Variance (ANOVA) with a 95% confidence interval was utilized to assess the
statistical differences between the study groups. A p-value of < 0.05 was considered

statistically significant. All results are expressed as the mean + standard error of the

mean (SEM) [43].

Ethical approval

This study was conducted in accordance with the ethical principles set
forth in the Declaration of Helsinki. Researchers obtained both oral and written
informed consent from all participants before sample collection. The study protocol,
participant information, and consent form were reviewed and formally approved by

the local ethics committee, as per document number 240 dated 14/02/2022.
3 Results

Clinical and demographic characteristics of participants
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The study included a total of 90 male children as participants, equally

distributed into three distinct groups: children with T1DM and concurrent UTIs
(n=30), children with TAIDM without UTIs (n=30), and a healthy control group
(n=30). The detailed clinical and demographic characteristics of all participants are

summarized in Table 1.

As expected, a highly significant increase in FBG and HbA;c levels was
observed in both diabetic groups compared to the healthy controls. Furthermore, the
mean serum concentrations of GADA were significantly elevated in patients with
T1DM. Notably, this autoimmune marker showed the greatest increase in the TIDM
group with concurrent bacterial infections. Conversely, the concentration of C-
peptide in both diabetic groups was markedly lower than the average in the healthy
group, strongly reflecting the significantly reduced pancreatic B-cell function

characteristic of type 1 diabetes.
Frequency of total CD19+ B cells in peripheral blood

Flow cytometric analysis revealed a highly significant decrease in the
percentage of total CD19+B cells in both T1DM patient groups compared to the
healthy control group (P <0.001), as shown in Figure 2. Notably, this reduction was
more pronounced in the diabetic group with concurrent bacterial infections (3.07 £
0.26%) compared to the diabetic group without UTIs (3.42 + 0.46%). These findings
indicate that concurrent bacterial infections may further exacerbate the depletion of

the overall B cell population in diabetic patients.
Regulatory B cell frequency within B lymphocytes

According to the data shown in Figure 3, a significant decrease in the
proportion of Breg cells was observed in the TIDM group with UTIs (P < 0.05)
compared to the healthy control group. In contrast, while the TIDM group without
UTlIs displayed a slight tendency toward a higher mean proportion of Breg cells
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compared to the other groups, these differences were not statistically significant (P

> 0.05).
Frequency of memory Bregs

As illustrated in Figure 4, flow cytometric analysis revealed a highly
significant decrease in the frequency of memory Breg cells among both groups of
T1DM patients when compared to the healthy control group (47.07 + 2.78%). While
the mean frequency dropped significantly to 26.97 + 2.59% in T1DM patients
without UTIs, an even more profound and statistically significant reduction was
observed in T1IDM patients with concurrent UTIs, reaching 21.98 + 2.36%. This
significant difference between the two diabetic subgroups indicates that concurrent
bacterial infection further exacerbates the depletion of memory Bregs in TIDM

patients.
4 Discussion

Elevated FBG (> 126 mg/dL) and HbAic (= 6.4%) values, coupled with
diminished C-peptide concentrations, confirm the severe impairment of pancreatic
B-cell function and the absolute absence of endogenous insulin secretion typical of
T1DM [45, 5]. The profound multiplication of GADA a primary indicator of
autoreactive B cell activation and B-cell apoptosis was exceptionally pronounced
among diabetic patients experiencing concurrent UTIs [1]. Such an exacerbation
implies that infection-induced inflammatory stress serves as a critical environmental
trigger, intensifying the autoimmune cascade and autoantibody production through
potential pathways like molecular mimicry or bystander activation [16].
Furthermore, focusing on young male cohorts (under 15 years of age) captures the
early, highly active phases of the disease. This specific developmental window is
optimal for tracking critical immunological shifts, especially the progressive

breakdown of immune tolerance mediated by B regs against pancreatic islet antigens
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[7]. Historically, B cells have been recognized primarily for their roles in antigen

presentation to T lymphocytes and the generation of specific autoantibodies.
Consequently, defects in B cell development and function are highly implicated in
driving autoimmune disorders [4]. Studies by Kendall et al. indicated that, during
the initiation of islet inflammation in TLDM mouse models, B cells are among the
first to infiltrate the pancreatic islets. Within these tissues, they organize with T cells
into germinal center-like lymphoid structures, crucially contributing to the selection
and expansion of self-reactive B cells [17]. However, growing evidence highlights
an opposing, protective role mediated by IL-10-producing regulatory B cells
(B10/Breg cells). Breg cells play a crucial role in maintaining immune homeostasis
by secreting IL-10, which dampens inflammation and limits excessive autoimmune
responses against pancreatic p-cells [46]. Mechanistically, these cells downregulate
major histocompatibility complex class Il and co-stimulatory molecules, thereby
restricting auto-antigen presentation. Crucially, unlike effector B cells, B10 cells
actively promote the expansion of CD4+CD25+Tregs , while simultaneously
repressing the differentiation of pro-inflammatory Thl and Thl7 cells, and
inhibiting the antigen-presenting capacity of dendritic cells [9, 8]. The marked
decrease in the frequencies of total B lymphocytes, overall Bregs, and specifically
memory Bregs in children with TIDM compared to the healthy control group
actively contributes to the severe impairment of peripheral immune tolerance and
the unabated progression of the disease [6,39]. Elevated levels of memory B cells
are typically associated with the immune system's ability to prevent localized
inflammation from escalating into severe, systemic autoimmune tissue damage [54].
These memory Bregs perform rapid regulatory functions upon antigen re-exposure;
they are activated in the early stages of inflammation to stabilize the immune
response before Tregs fully emerge [25]. Previous studies in humans and murine
models demonstrate a "depletion and return" pattern, where these regulatory cells
are exhausted as inflammatory responses escalate [34]. Since memory B cells are

highly effective at regulating both innate and adaptive immunity including
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controlling the activity of helper T cells, macrophages, and natural killer cells their

depletion in T1DM leaves the pancreatic tissue highly vulnerable to sustained
immunological damage [12,28,36]. Furthermore, our data revealed an even more
profound suppression in the frequency of these B lymphocyte subsets in TIDM
patients suffering from concurrent UTIs compared to both non-infected diabetic
patients and healthy controls. This reflects the dual of B cells in the diabetic milieu:
they must manage both the chronic autoimmune response and the acute innate
Immune response against bacterial virulence factors [30,48]. The data strongly
suggest that certain bacterial pathogens may induce apoptosis in B cells or skew the
immune compartment towards a purely pro-inflammatory phenotype, thereby
stripping away the protective Breg layer and increasing susceptibility to severe
immune dysregulation [14,26]. Consequently, the severe numerical and functional
reduction of Bregs resulting from concurrent bacterial infections significantly
exacerbates the loss of immune homeostasis, accelerating B-cell destruction in
T1DM [53,50]. This provides a strong rationale for future studies exploring memory

Bregs as potential targets for advanced immunotherapeutic interventions.

5 Conclusion

In conclusion, the frequencies of total B cells, Breg cells, and specifically
memory Bregs are significantly diminished in the peripheral blood of children with
T1DM compared to healthy controls. Crucially, this depletion is significantly
exacerbated in TLDM patients suffering from concurrent bacterial infections (UTISs).
These findings indicate that infection-induced inflammatory stress further exhausts
the Breg pool. Ultimately, this profound numerical decline underscores the role of
Breg cells in the loss of peripheral immune tolerance in pediatric T1DM,
highlighting these cells as highly promising targets for future immunotherapeutic

interventions aimed at restoring immune homeostasis.

Recommendations:
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Based on the findings of this study, we propose the following

recommendations:

1. Implement longitudinal monitoring of Bregs frequencies and
functions in pediatric TLDM patients particularly during episodes of bacterial
infection to evaluate their prognostic value in disease progression.

2. Develop targeted immunotherapeutic strategies aimed at
restoring or expanding Breg cell populations, with the ultimate goal of
preserving residual pancreatic B-cell function and re-establishing immune
tolerance.

3. Expand future cohort studies to include larger sample sizes and
diverse age groups, allowing for a more comprehensive understanding of how
concurrent bacterial infections drive systemic immune dysregulation across

different stages of TLDM pathogenesis.
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TABJIULbI

Table 1. Clinical and Demographic Characteristics of the Study Groups.

Parameter Healthy T1DM T1DM with | P-value | Sig.
individual (n | without UTIs (n=30)
= 30) UTIs (n =
30)
Age (years) 103+0.4 10603 |9.9+£0.5 >0.05 | Non-
Sig.
FBG (mg/dL) 924 +3.1 185.6 +1250.00+£19.76 |<0.001 | Sig.
12.3
HbA:c (%0) 52+0.1 8.4+0.3 10.43 £ 0.40 <0.001 | Sig.
GADA (U/mL) 4.1+0.8 2153 +1364.5+123.7 |<0.001 | Sig.
42.1
C-peptide (ng/mL) [1.85+0.12 [0210  +|0.176 +0.07 <0.001 | Sig.
0.05
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Note. Data are presented as mean + standard error of the mean (SEM). TIDM = Type 1 Diabetes Mellitus; UTIs = Urinary Tract
Infections; FBG = Fasting Blood Glucose HbA;c = Glycated Hemoglobin; GADA = Glutamic Acid Decarboxylase Autoantibodies.

P-value = Probability value; Sig = Statistically significant.
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PUCYHKHA

Figure 1. Flow Cytometry Gating Strategy for Identifying CD19+ IL-10+ CD24"hi

CD27+ Memory Bregs.
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Note: (A) Total lymphocytes were initially gated based on their forward scatter

(FSC) and side scatter (SSC) characteristics within the single-cell population

extracted from the isolated peripheral blood mononuclear cells (PBMCs). (B) Total

B cells were then identified by gating on the CD19+ population within the previously

defined lymphocyte gate. (C) Intracellularly stained IL-10-producing B cells

(CD19+ IL-10+) were subsequently identified. (D) Finally, the specific percentage

of memory Bregs expressing the complete phenotype (CD19+ IL-10+ CD24"hi

CD27+) was calculated.
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Figure 2. Comparison of the frequency of total CD19+ B cells among T1DM

patients with urinary tract infections (T1DM with UTIs), TIDM patients without
UTlIs, and a healthy control group.
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Figure 3. Comparison of CD19+1L-10+ regulatory B cell frequencies among T1DM
patients with urinary tract infections, TLDM patients without urinary tract infections,

and a healthy control group.
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Figure 4. Comparison of the frequency of CD19+ IL-10+ CD24”hi CD27+ memory

Bregs among the healthy control group, TIDM patients with UTIs, and T1DM

patients without UTIs.
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