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Abstract

Introduction: This study evaluated the percentages of peripheral regulatory B cell subsets 
(CD19+CD24+CD38+, CD19+CD24+CD27+ and CD19+IL-10+) in patients with hypertriglyceridemia 
(HTG). In addition, interleukin (IL)-6, IL-10, and IL-1Ra levels were assessed. Finally, the impact of 
the saturated fatty acid palmitate on IL-10 production by B cells from HTG patients was examined.

Material and methods: The percentages of B cells were determined by flow cytometry. The levels 
of IL-6, IL-1Ra, and IL-10 were measured using ELISA assays.

Results: The percentages of CD19+CD24+CD38+ and CD19+CD24+CD27+ cells were significantly 
lower in patients with moderate HTG compared to individuals with a normal lipid (NL) profile.  
The percentage of CD19+IL-10+ cells was lower in both HTG and moderate HTG patients compared to 
the NL group. The percentage of CD19+CD24+CD27+ cells was inversely associated with triglyceride 
(TG) levels and total cholesterol (TC). IL-10 production by B cells in the presence of palmitate was 
reduced in patients with moderate HTG compared to the NL group. Production of IL-6 by PBMC from 
HTG patients increased, while IL-10 production decreased; however, these changes did not reach sta-
tistical significance. HTG patients showed elevated serum levels of IL-1Ra compared to the NL group, 
and IL-1Ra levels were positively correlated with TG levels. 

Conclusions: Patients with moderate HTG exhibit alterations in regulatory B cell phenotypes. 
A reduction in the percentage of CD19+CD24+CD27+ regulatory B cells is associated with elevated 
TG levels.
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Introduction
Hypertriglyceridemia (HTG) is a metabolic disorder 

characterized by elevated plasma triglyceride (TG) lev-
els. It is commonly associated with visceral obesity and 
is a risk factor for cardiovascular diseases, triglyceride-in-
duced pancreatitis, coronary artery disease, and cerebro-
vascular accidents [1-3]. Postprandial HTG is characterized 
by a prolonged elevation of postprandial triglyceride-rich 
lipoproteins (TRLs) [4] and inflammatory molecules such 

as intercellular adhesion molecule (ICAM), vascular cell 
adhesion molecule (VCAM), and interleukin (IL)-8 [5], as 
well as increased leukocyte counts [6]. In individuals with 
abdominal obesity, postprandial HTG has been linked to 
increased IL-1β levels following high-fat meal consump-
tion [7]. Hyperlipidemic mice exhibit elevated T helper 
type 1 (Th1) and Th17 responses [8, 9]. Moreover, individ-
uals with elevated TG levels display higher concentrations 
of IL-6, tumor necrosis factor α (TNF-α), and monocyte 
chemoattractant protein-1 (MCP-1) compared to those 
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with normal lipid profiles [10]. In the context of obesity, 
levels of IL-1Ra increase and contribute to development of 
insulin resistance (IR) [11, 12]. Furthermore, reduced lev-
els of IL-10 have been associated with an increased body 
mass index (BMI) [13]. Free fatty acids (FFAs; the precur-
sors of TG) such as palmitate are abundant in the circula-
tion and have been implicated in inflammatory processes 
[14]. FFAs induce activation of the NOD-like receptor 
pyrin domain containing 3 (NLRP3) inflammasome [15]. 
In lipopolysaccharide-stimulated-macrophages, palmitate 
promotes IL-1β secretion and increases TNF-α production 
[16, 17]. In mononuclear cell cultures, palmitate induces 
IL-10 production through a pentraxin-3-dependent path-
way [18]. Collectively, these findings suggest that dyslip-
idemia and lipid abnormalities are closely associated with 
a state of subclinical inflammation. 

Regulatory B cells (Bregs), a subpopulation of B cells, 
suppress inflammatory responses mainly through IL-10 
secretion. B10 cells predominantly exhibit the CD19+- 

CD24HighCD27+ phenotype [19, 20], and suppress TNF-α 
release from monocytes [21]. Another phenotype of 
Bregs, CD19+CD24HighCD38High B cells [22], suppresses 
Th1 and Th17 responses [23] and can also induce the 
conversion of CD4+ T cells into Foxp3+ regulatory T cells 
[22, 24]. In diseases associated with high levels of cho-
lesterol and TG in blood, it has been shown that B lym-
phocytes (B1a subtype) attenuate atherosclerotic lesions 
by secreting IgM, which is deposited in the lesions and 
reduces necrotic cores [25]. Inflammation plays an im-
portant role in atherosclerosis. Previous reports have 
identified a subtype of Bregs in mice with established 
atherosclerosis; these cells exhibit vascular-protective 
activity dependent on IL-10 [26]. In that study, it was 
proposed that the atherosclerotic microenvironment (in-
creased expression of CD40L, IL-1b, IL-6) supports the 
differentiation of B cells into IL-10 producing Bregs 
in the lymph nodes of ApoE–/– mice [26]. In addition, 
higher proportions of B lymphocytes were associated 

with dyslipidemia, including increased TG, total choles-
terol (TC), low-density lipoprotein cholesterol (LDL-C), 
and very low-density lipoprotein cholesterol (VLDL-C) 
levels, as well as decreased high-density lipoprotein cho-
lesterol (HDL-C) levels, in patients with acute ischemic 
stroke [27]. Together, these results indicate a relationship 
between B-cell subtypes and lipid metabolism disorders.

In this study, we evaluated different Breg phenotypes 
(CD19+IL-10+, CD19+CD24+CD27+, CD19+CD24+- 

CD38+) in patients with HTG. Additionally, we assessed 
IL-6 and IL-10 production by mononuclear cells from 
individuals with HTG, as well as serum levels of IL-1Ra 
as a surrogate marker of inflammation. We also analyzed 
the effect of palmitate on IL-10 production by B cells 
from individuals with a normal lipid (NL) profile and 
those with HTG. Finally, we assessed correlations be-
tween Breg percentages and various biochemical and an-
thropometric parameters.

Material and methods 

Study population

Forty asymptomatic volunteers from the General Hos-
pital Zona 1, Zacatecas, México, were selected as the study 
population. All participants were non-smokers and had 
no prior diagnosis of chronic diseases. They did not con-
sume alcohol on a regular basis. Individuals under regular 
pharmacological treatment for metabolic disorders and/or 
hormonal treatment, those undergoing chemotherapy, as 
well as lactating women, were excluded. The biochemi-
cal and anthropometric characteristics of the participants 
are shown in Table 1. For the biochemical analysis, after  
a 12-hour overnight fast, early-morning blood samples 
were collected by peripheral venipuncture from each par-
ticipant for biochemical screening tests. Levels of TC, 
HDL-C, LDL-C, and TG were measured using an autoan-
alyzer. Participants were classified into two groups – nor-
mal lipid (NL) and hypertriglyceridemia (HTG) – accord-

Table 1. Characteristics of study groups

Parameter Normal lipid HTG Hypertriglyceridemia (HTG)

Mild Moderate

n 22 18 9 9

Sex (M/F) 8/14 8/10 5/4 3/6

Age 39.05 ±3.010 42.72 ±2.699 42.11 ±3.557 43.33 ±4.269

BMI 27.15 ±1.438 30.38 ±1.014 29.27 ±1.306 31.48 ±1.534*

TG 103.0 ±5.487 205.8 ±8.980* 174.6 ±5.220* 237.1 ±8.466*

TC 160.4 ±5.726 201.0 ±5.168* 190.6 ±6.667* 211.4 ±6.475*

HDL-C 53.01 ±2.157 48.79 ±1.103 48.67 ±1.615 48.91 ±1.599

LDL-C 92.93 ±4.566 104.6 ±4.687 107.1 ±6.103 108.2 ±7.361

Data are presented as mean ±SEM, *significant differences, p < 0.05 compared to the normal lipid group. Age (years), M – male, F – female, BMI – body mass 
index (kg/m2), TG – triglycerides (mg/dl), TC – total cholesterol (mg/dl), HDL-C – high density lipoprotein cholesterol (mg/dl), LDL-C – low density lipoprotein 
cholesterol (mg/dl)
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ing to their lipid levels. The US guidelines of the National 
Cholesterol Education Program Adult Treatment Panel 
III (NCEP-ATP III) were used to define hypertriglyceri-
demia. Furthermore, the HTG group was stratified by se-
verity (mild and moderate) according to the NCEP-ATP 
III criteria. This research was approved by the Bioethics 
Committee of the National Scientific Research Commis-
sion of the Instituto Mexicano del Seguro Social, and the 
protocol was registered with the number: R-2014-785-080. 
All participants provided written informed consent, which 
complies with the requirements of the 1964 Declaration 
of Helsinki.

Peripheral blood mononuclear cell isolation

Peripheral blood mononuclear cells (PBMC) were 
isolated from 10 ml of fresh blood samples obtained by 
peripheral venipuncture. Blood samples were diluted in 
phosphate-buffered saline (PBS) solution and placed over 
a Ficoll-Histopaque gradient (Sigma-Aldrich, MA, USA). 
The PBMC layer was extracted and washed with PBS.  
The viability of the PBMC was evaluated using the trypan 
blue exclusion assay. A viability above 99% was consid-
ered acceptable. 

Flow cytometry analysis

To evaluate the percentages of B cells (CD19+) ex-
pressing CD24, CD27 and/or CD38 antigens, PBMC were 
incubated for 30 minutes at 4°C in the dark with anti- 
human CD19 conjugated with PECy7 (Miltenyi Biotec, 
Sunnyvale, CA, USA), anti-CD24 conjugated with Pacific 
Blue (Miltenyi Biotec), anti-human CD27 conjugated with 
allophycocyanin (APC) (Miltenyi Biotec), and anti-human 
CD38 conjugated with fluorescein isothiocyanate (FITC) 
(Miltenyi Biotec). Afterwards, cells were washed with 
PBS and fixed with 1% paraformaldehyde. Samples were 
acquired on a flow cytometer (FACS Canto II, BD Biosci-
ences) and analyzed using the DIVA software. For detec-
tion of intracellular antigen, a specific IL-10 monoclonal 
antibody (eBioscience, San Diego, CA, USA) was used. 
A double labelling procedure was performed – first with 
anti-CD19-PECy7 monoclonal antibody (Miltenyi Bio-
tec), followed by permeabilization/fixation using buffers 
supplied by eBioscience. Finally, cells were stained with 
anti-IL-10 conjugated with phycoerythrin (PE) (Miltenyi 
Biotec) and analyzed by flow cytometry. Results are ex-
pressed as the percentage of positive cells.

Preparation of palmitate solution

Palmitate (Sigma-Aldrich, Cat. No. P9767) was dis-
solved in methanol at a final concentration of 10 mM and 
then conjugated to fatty acid-free, globulin-free bovine 
serum albumin (BSA, Sigma-Aldrich, Cat. No. A8806). 
This particular BSA is tested by the manufacturer for 
low endotoxin content and is suitable for applications 

requiring minimal endotoxin interference. All solutions 
were prepared under sterile conditions using pyrogen-free 
water and handled aseptically. The final palmitate-BSA 
complex was sterile-filtered through 0.22 µm filters and 
stored at 4°C until use. As a control, cells were treated 
with a BSA solution alone (vehicle control), prepared un-
der the same sterile conditions.

Cell cultures

Peripheral blood mononuclear cells were suspended 
in RPMI-1640 medium (Gibco; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) containing 10% fetal bovine 
serum (FBS), 100 U/ml penicillin, and 100 mg/ml strepto-
mycin (Gibco; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA), at a final concentration of 1 × 106 cells/ml. 
To evaluate IL-6 and IL-10 production by PBMC from 
HTG patients and NL controls, the cells were stimulated 
with the polyclonal stimulus, phytohemagglutinin (PHA, 
5 mg/ml). Cultures were maintained for 18 hours at 37°C 
in a humidified incubator with 5% CO

2
. Afterwards, su-

pernatants were collected and stored at –70°C until anal-
ysis. To assess the effect of the saturated fatty acid (pal-
mitic acid) on IL-10 production by B cells, 1 × 106 cells/
ml were treated with 0.3 mM palmitate-BSA conjugated 
or with BSA as the vehicle control and stimulated with 
aCD40 monoclonal antibody (5C3; aCD40, 4 mg/ml) 
(eBioscience, San Diego, CA, USA). Cultures were in-
cubated for 18 hours at 37°C in 5% CO

2
 and humidity. 

Supernatants were then harvested and stored at –70°C 
until analysis.

Interleukin measurements in serum and culture 
supernatants

Levels of IL-6 and IL-10 were determined in the su-
pernatants of PBMC cultures, while IL-1Ra was measured  
in participants’ serum. Determination of these cytokines 
was carried out using quantitative enzyme-linked assays 
(ELISA) (eBioscience, San Diego, CA), performed accord-
ing to the manufacturer’s instructions. 

Statistical analysis

Statistical analyses were performed using GraphPad 
Prism 5.0 software (San Diego, CA, USA). Data distri-
bution was assessed using the Kolmogorov-Smirnov test. 
Differences between groups in percentages of Bregs, IL-10 
and IL-6 levels in supernatants, and serum IL-1Ra levels 
were evaluated by the Kruskal-Wallis test with Dunn’s 
post-hoc test for pairwise comparisons. To examine as-
sociations between cell percentages and biochemical pa-
rameters, Spearman’s rank correlation analysis was used. 
Correlation matrix plots were generated using the corrplot 
package in R. A p-value < 0.05 was considered statistically 
significant in all analyses.
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Results 

Comparison of laboratory findings  
between individuals with hypertriglyceridemia 
and controls 

Based on the biochemical results, all volunteers were 
classified into four groups according to their fasting lipid 
levels: the Normal Lipid (NL) group (n = 22), consisting 
of individuals with no lipid abnormalities; the Hypertri-
glyceridemia (HTG) group (n = 18), including individuals 
with TG levels ≥ 150 mg/dl (1.70 mmol/l) and no other 
lipid abnormalities. This HTG group was further subdi-
vided: the Borderline High Hypertriglyceridemia (mild 
HTG) group (n = 9), comprising individuals with TG lev-
els between 150 and 199 mg/dl (1.70-2.24 mmol/l); and 
the High Hypertriglyceridemia (moderate HTG) group 
(n = 9), consisting of individuals with TG levels between 
200 and 499 mg/dl (2.26-5.64 mmol/l), with no other lipid 
abnormalities. The demographic and biochemical charac-
teristics of these groups, including mean age and BMI, are 
summarized in Table 1. No significant differences were 
found in age, HDL-C, or LDL-C levels among the groups. 
However, TG and TC levels were significantly higher in 
all HTG groups compared to the NL group. Additionally, 
BMI was significantly elevated only in the moderate HTG 
group compared to the NL group (Table 1). Individuals 
exhibiting HTG together with other lipid abnormalities – 
such as TC > 240 mg/dl (6.20 mmol/l), HDL-C < 40 mg/dl 
(1.3 mmol/l), or LDL-C > 100 mg/dl (2.6 mmol/l) – were 
excluded from the analysis.

Percentages of circulating Bregs are reduced  
in individuals with moderate 
hypertriglyceridemia

To assess Breg levels in individuals with HTG, we 
performed flow cytometry analysis using a previously de-
scribed gating strategy (Fig. 1A). We observed significant-
ly higher CD19+CD24+CD38+ B cells in individuals with 
mild HTG compared to the NL group (mean = 43.85 vs. 
mean = 22.74 respectively, Fig. 1B). Interestingly, in indi-
viduals with moderate HTG, the percentage of these cells 
was significantly reduced compared to the mild HTG group 
(mean = 16.43 vs. mean = 43.85 respectively, Fig. 1B). 
Similarly, CD19+CD24+CD27+ B cells were significantly 
lower in the moderate HTG group compared to both NL 
(mean = 29.93 vs. mean = 43.73) and mild HTG (mean = 
29.93 vs. mean = 52.67) groups (Fig. 1C). Moreover, the 
percentage of IL-10-producing B cells (CD19+IL-10+) was 
lower in both HTG (mean = 3.48 vs. mean = 11.67) and 
moderate HTG (mean = 4.75 vs. mean = 11.67) groups 
compared to NL individuals (Fig. 1D).

Impaired IL-10 production  
and Breg dysfunction in individuals  
with hypertriglyceridemia 

Because the HTG group showed reduced percent-
ages of IL-10-producing B cells (CD19+IL-10+), we 
explored the effect of palmitic acid (a known proin-
flammatory lipid) on IL-10 production by B cells from 
individuals with moderate HTG and NL. CD40 is well 
known to be crucial for B cell activation; thus, PBMC 
from both NL and moderate HTG individuals were 
cultured in the presence of BSA-conjugated palmitate 
and then stimulated with an anti-CD40 monoclonal an-
tibody (αCD40) to induce IL-10 production by B cells. 
We observed lower levels of IL-10 after activation of 
B cells from HTG patients in the presence of palmi-
tate, compared with the NL group (mean = 16.74 vs. 
mean = 68.30 respectively, Fig. 2A). Furthermore, to 
examine the effect of HTG on soluble inflammatory cy-
tokine production, we measured IL-10 and IL-6 levels 
in PBMC culture supernatants from HTG patients stim-
ulated with PHA. The levels of IL-10 and IL-6 were 
similar between groups (Fig. 2B, C). We also measured 
serum levels of IL-1Ra as a surrogate marker for IL-1β; 
circulating IL-1Ra levels are more commonly detectable 
in inflammatory diseases than IL-1β [28, 29]. We ob-
served that individuals with HTG (both mild and moder-
ate) had higher IL-1Ra levels than the NL group (mean 
= 726.8 pg/ml vs. mean = 367.1 pg/ml; Fig. 2D). IL-1Ra 
levels correlated with serum TG levels (Fig. 2E).

Correlation analysis between Bregs  
and hypertriglyceridemia profile

Finally, we performed correlation analyses between 
B cell phenotypes and biochemical parameters of the in-
dividuals included in this study. We observed an inverse 
correlation between CD19+CD24+CD27+ B cells and TG 
and TC levels. Additionally, TG levels were positively 
associated with TC and LDL-C serum levels. Finally, TC 
levels correlated directly with LDL-C levels (Fig. 3).

Discussion 
In this study, we observed changes in the proportions 

of regulatory B cell phenotypes (CD19+CD24+CD38+, 
CD19+CD24+CD27+, and CD19+IL-10+) in individu-
als with HTG. An increase in CD19+CD24+CD38+ and 
CD19+CD24+CD27+ B cell phenotypes was observed in 
mild HTG. In line with this, an increase in B cells has been 
observed in patients after acute ischemic stroke (a condi-
tion in which dyslipidemia is a major etiological factor 
[27]), and this increase correlated with lipid metabolic 
abnormalities, including elevated TG levels [27]. More-
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over, ischemic stroke is associated with increased suscep-
tibility to infection, suggesting a kind of immunosuppres-
sion that can involve alterations in adaptive immune cells 
[30, 31]. In this context, elevated frequencies of CD19+- 

CD24+CD27+ Bregs have been associated with inhibition 
of CD4+ T cell proliferation and IFN-g production [32]. In 
addition, increased CD19+CD24+CD27+ Bregs have been 
linked to immunosuppression and poorer survival in pa-
tients with gastric cancer [32].

On the other hand, in the moderate HTG group, all 
Breg phenotypes tested here (CD19+CD24+CD38+, CD19+- 

CD24+CD27+, and CD19+IL-10+) were decreased. Evi-
dence on Bregs in humans with HTG is scarce, but for 
other dyslipidemias such as atherosclerosis, alterations in 
both the percentages and activation of B cells have been 
described. In this context, IL-10, a cytokine produced by 
Bregs, has anti-atherogenic properties via modulation of 
the immune response [33]. Consistent with our results, 
previous research showed decreased percentages of IL-10+  
B cells in patients with atherosclerosis, which were nega-
tively correlated with serum C-reactive protein (CRP) lev-
els [34]. Diminished percentages of CD40+ B cells have 

Fig. 1. Percentages of Bregs in individuals with hypertriglyceridemia. A) Representative dot plot showing the gating 
strategy used to determine the percentages of Bregs (the overall gating strategy is shown in Supplementary Figures 1 
and 2). B) Percentages of CD19+CD24+CD38+ and C) CD19+CD24+CD27+ cells of peripheral blood mononuclear cells 
(PBMC) from individuals with normal lipid levels (NL; in white bars) and hypertriglyceridemia (HTG; mild and mod-
erate, gray bars). D) Percentages of interleukin (IL)-10-producing CD19+ cells (CD19+IL-10+) in PBMC from NL and 
HTG (mild and moderate) individuals treated with the polyclonal stimulus phytohemagglutinin (PHA) and cultured for 
18 hours, as described in the Material and Methods section. The results show the percentage of positive cells. NL group 
n = 22, HTG group n = 18 (mild HTG, n = 9 and moderate HTG, n = 9) in all cases. Data are expressed as mean ± SEM. 
Statistical analysis was performed using the Kruskal-Wallis test. Statistically significant differences are indicated with 
asterisks (*p < 0.05)
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also been observed in patients who experienced complica-
tions related to atherosclerosis (e.g. myocardial infarction, 
stroke, or acute limb ischemia) compared to individuals 
with low cardiovascular risk, suggesting that CD40+ B cells 
may be inversely related to atherosclerotic events [34].

Moreover, we observed reduced IL-10 levels when 
PBMC from HTG patients were stimulated with aCD40 
in the presence of palmitate [35], suggesting that certain 
lipids may impair B cells’ capacity to produce IL-10. 
Notably, our results showed no correlation between the 
percentages of CD19+IL-10+ B cells and serum TG lev-
els. This may reflect the heterogeneity of circulating TG; 

for example, the glycerol backbone can be esterified with 
various fatty acids (e.g. oleic acid, linoleic acid), not only 
palmitic acid [36]. 

Additionally, we observed that only CD19+CD24+- 

CD27+ B cells were inversely correlated with circulating 
lipid levels (TG and total cholesterol). Previous reports 
showed that percentages of CD19+CD24+CD27+ Bregs 
were inversely associated with TG levels [37]. Among 
human B cell subsets enriched for Bregs are CD19+- 

CD24+CD38+ and CD19+CD24+CD27+; both produce large 
amounts of IL-10 upon activation but represent different 
differentiation stages. The CD19+CD24+CD27+ subset cor-
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responds to the memory B cell population, while CD19+- 

CD24+CD38+ cells are immature or transitional B cells [21, 
38]. These Breg subpopulations have been implicated in 
the pathology of various diseases and appear to have dis-
tinct functional targets. For example, CD19+CD24+CD38+ 
Bregs are reduced in rheumatoid arthritis (RA), systemic 
lupus erythematosus (SLE), atopic dermatitis, and psoria-
sis [38-40]. Activating CD19+CD24+CD38+ Bregs inhibit 
the differentiation of Th1 and Th17 cells while promoting 
the differentiation of CD4+CD25+ regulatory T cells [22]. 
The CD19+CD24+CD27+ subset can suppress monocyte 
TNF-a production [21] and T CD4+ cell IFN-g produc-
tion [32]. Alterations in the percentages and activity of 
the CD19+CD24+CD27+ subset have been reported in RA 
[41] and in gastric cancer [32]. Together, we propose that 
these Breg phenotypes play distinct roles in hypertriglycer-
idemia. An increase in circulating lipids (triglycerides and 
cholesterol) may cause changes in the percentages and 
activity of peripheral Breg subsets. The significance of 
Breg changes in hypertriglyceridemia requires in-depth 
functional characterization to help identify therapeutic 
targets and support immune-interventional strategies for 
HTG patients. 

On the other hand, serum levels of IL-1Ra were el-
evated in individuals with HTG, regardless of severity. 
A direct correlation between IL-1Ra and TG levels was 
also observed. It has been reported that both IL-1β and  
IL-1Ra are released following activation of P2X7 receptors 
by ATP [42]. IL-1Ra exerts anti-inflammatory effects by 
binding to interleukin-1 receptor type 1 (IL-1R1), thereby 
specifically inhibiting IL-1β signaling [43]. During inflam-
mation, endogenous IL-1Ra is upregulated to counteract 
IL-1β activity, and elevated IL-1Ra levels are considered 
surrogate indicators of IL-1β-mediated processes. Conse-
quently, elevated IL-1Ra may serve as a circulating marker 
for endogenous IL-1β or IL-1α activity, particularly be-
cause IL-1Ra is more abundant and more readily detect-
able in the circulation than IL-1β. 

For its part, IL-1β has been shown to stimulate hepatic 
lipoprotein production, contributing to elevated serum TG 
levels [44]. In our study, we observed that IL-10 levels and 
the percentages of CD19+IL-10+ cells were reduced, while 
IL-1Ra levels were increased in HTG patients, regardless 
of HTG severity. Adipose tissue is a major source of sys-
temic IL-1Ra, and serum IL-1Ra levels have been associ-
ated with HTG [45], supporting its relevance as a potential 
biomarker for metabolic disturbances [46]. These findings 
suggest that cytokines such as IL-1β and IL-10 play crit-
ical roles in the pathogenesis of HTG. IL-1β is a proin-
flammatory cytokine, while IL-10 has anti-inflammatory 
properties; therefore, an imbalance in their production may 
contribute to the low-grade systemic inflammation charac-
teristic of HTG [47]. 

This study has certain limitations, including a rela-
tively modest sample size, which reflects the challenge 

of identifying adults with isolated hypertriglyceridemia, 
as they more commonly exhibit mixed dyslipidemia. Ad-
ditionally, it was not possible in this study to evaluate 
IL-10 expression in the CD19+CD24+CD27+ and CD19+- 

CD24+CD38+ Breg phenotypes. Although both phenotypes 
produce IL-10, they represent distinct stages of differen-
tiation and have different functional targets. Therefore, it 
is essential to determine the capacity of each phenotype to 
produce IL-10.

Future research should aim to expand the sample size 
and explore potential alterations in the suppressive activ-
ity of these Breg subsets in the context of hypertriglycer-
idemia. This would require a deeper understanding of the 
dynamic changes in Breg subpopulations, as well as the 

Fig. 3. Spearman correlation matrix of Breg pheno-
types and biochemical parameters. The matrix includes 
the following variables: B.CD38 (CD19+CD24+CD38+  
B cells), B.CD27 (CD19+CD24+CD27+ B cells), B.IL-10 
(CD19+IL-10+ B cells) as percentages of each cell subset; 
all biochemical variables TG (triglycerides), TC (total cho-
lesterol), HDL-C (high-density lipoprotein-cholesterol) 
and LDL-C (low-density lipoprotein-cholesterol) are in 
mg/dl; BMI (body mass index, kg/m2). The numbers inside 
the circles (red or blue) represent the Spearman correlation 
coefficient (r) for each pair of variables. Statistically sig-
nificant correlations (p < 0.05) are indicated by colored cir-
cles (red or blue) at the intersections of the variables. Red 
circles indicate an inverse/negative association, while blue 
circles indicate a direct/positive association. The horizontal 
scale and color bar at the bottom indicate the direction, 
negative (red) or positive (blue), of the correlation values
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identification of key pathogenic B cell subsets involved in 
lipid metabolism disorders. Furthermore, a more compre-
hensive investigation into the relationship between altered 
blood lipid profiles and disturbances in Bregs could prove 
valuable, as a higher proportion of B lymphocytes has been 
shown to possess elevated sensitivity and specificity in di-
agnosing atherosclerosis [27]. Finally, targeted therapies 
involving B cells with potentially regulatory functions 
may offer promising strategies for both the prevention and 
treatment of dyslipidemia and its associated complications, 
such as ischemic stroke.

Conclusions 
Taken together, our data provide evidence that the per-

centages of regulatory B cells are altered in individuals 
with hypertriglyceridemia. In addition, our results show 
that palmitate can modulate IL-10 production by B cells. 
These results suggest that disturbances in lipid metabo-
lism may affect the percentages of immune cells such as 
regulatory B lymphocytes, a concept that warrants further 
research.
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