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Abstract

The immune-modulatory role of interleukin 10 (IL-10) in breast cancer remains controversial, with 
reports of both pro- and anti-tumor effects. While B cells are important targets of IL-10, the frequen-
cy, phenotype, and functional impact of B cells expressing IL-10 receptor (IL-10R) in tumor-draining 
lymph nodes (TDLNs) of breast cancer patients are still unclear. In this study, we analyzed axillary 
lymph nodes from 49 breast cancer patients, assessing IL-10R expression on B cells and the effects of 
recombinant IL-10 (rIL-10) on granzyme B, CD86, and tumor necrosis factor α (TNF-α) production. 
Flow cytometry revealed that 52.9 ±17.3% of B cells expressed IL-10R, predominantly exhibiting an 
activated/memory phenotype (CD27+CD24hi). Interestingly, IL-10R+ B cells were significantly reduced 
in metastatic lymph nodes (MLNs) compared to non-metastatic lymph nodes (nMLNs), suggesting a pro-
tective role in early disease. Paradoxically, HER2+ tumors exhibited higher frequencies of IL-10R+  
B cells, indicating context-dependent functions. Functional assays demonstrated that IL-10 signifi-
cantly enhanced granzyme B production in B cells but suppressed TNF-αhi B cells by approximately 
40%, without altering CD86 expression. These findings highlight the dual role of IL-10 in modulating  
B cell-mediated immunity. IL-10 enhances cytotoxic function via granzyme B while dampening antitu-
mor TNF-α responses. The reduced frequency of IL-10R+ B cells in MLNs suggests their potential role 
in anti-tumor immunity, while their association with HER2+ tumors may indicate a pro-tumor function in 
certain contexts. This study emphasizes the complexity of IL-10 signaling in B-cell-mediated immunity, 
shedding light on its multifaceted effects and the need to clarify the role of IL-10 in cancer immunity.
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Introduction
The immune system plays a crucial role in determin-

ing the outcome of cancer [1, 2]. During tumor develop-
ment, the immune profiles of the tumor microenvironment 
(TME), tumor-draining lymph nodes (TDLN), and periph-
eral blood undergo significant changes [3-5]. While much 
research has focused on T cells in cancer, recent studies 
have highlighted the importance of B cells and their com-
plex roles in tumor immunity [6-8].

Emerging evidence reveals that B cells exhibit dual 
functions in tumor growth, either supporting or hinder-
ing it. On one hand, they promote anti-tumor immunity 
by recruiting CD8+ T cells via chemokines (e.g., CCL3, 
CCL4, CCL5, CXCL13, CXCL10) [9, 10], activating 
T cells through antigen presentation and co-stimula-
tory signals (e.g., CD40/CD40L) [7, 10], and facili-
tating antibody-dependent tumor destruction through 
antibody-dependent cellular cytotoxicity (ADCC) or an-
tibody-dependent cellular phagocytosis [10, 11]. Notably, 
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a subset of B cells in breast cancer TDLNs can directly 
kill tumor cells via granzyme B [12-14]. Conversely,  
B cells can suppress immunity by secreting anti-inflam-
matory cytokines such as IL-10, transforming growth fac-
tor β (TGF-β), and IL-35 or by expressing PD-L1 [2, 15]. 
In breast cancer models, they promote metastasis by 
generating regulatory T cells (Tregs) in a TGF-β-depen-
dent manner [16]. IL-10-producing B cells, such as IgA+  
PD-L1+ plasmocytes in prostate cancer, block CD8+ T-cell 
function [17]. In breast cancer, these B cells make up about 
3% of lymph node (LN) B cells and correlate with reduced 
lymph node involvement, highlighting their dual role in 
cancer progression [2].

Interleukin 10 regulates immunity by suppressing in-
flammatory cytokines and antigen presentation [18]. Its 
receptor, IL-10R, is part of the interferon receptor family 
and consists of two IL-10R1 and two IL-10R2 chains [19]. 
While IL-10R1 is found at low levels on resting cells and 
increases upon activation, emphasizing its importance in 
inhibitory pathways [20], IL-10R2 is expressed ubiqui-
tously and is not exclusive to IL-10. IL-10 binds direct-
ly to IL-10R1, while IL-10R2 supports signaling within 
the receptor complex [19, 21]. Contrary to common as-
sumptions, IL-10 exhibits antitumor effects by inhibit-
ing angiogenesis via suppression of vascular endothelial 
growth factor (VEGF) and TNF-α [22-24], and enhanc-
ing immune responses such as antibody production and 
CD8+/CD4+ T-cell activity [25]. It increases interferon γ 
(IFN-γ) and granzyme B in CD8+ T cells and boosts tumor 
MHC expression [26, 27]. In clinical trial, pegylated IL-10  
enhances tumor-specific CD8+ T-cell function, slowing 
tumor growth by elevating granzyme B levels [28, 29].

Despite these findings, the role of IL-10 still remains 
controversial. Breast cancer patients often exhibit elevat-
ed serum IL-10 levels [25, 30], yet its prognostic impact 
is debated. Some studies link IL-10 to poor outcomes 
through BCL-2-mediated tumor apoptosis inhibition or 
T-cell suppression [21, 30, 31], while others associate low 
IL-10 levels with worse survival, suggesting protective 
effects [32].

Notably, B cells both produce IL-10 and respond to it 
through IL-10R. However, the frequency of IL-10R-ex-
pressing B cells in TDLNs of breast cancer patients, as 
well as their phenotypic characteristics, remain poorly 
understood. Additionally, the impact of IL-10 on key an-
titumor effector molecules in B cells – such as granzyme 
B, CD86, and TNF-α – has not been fully elucidated. This 
study aimed to (1) evaluate the prevalence and phenotype 
of IL-10R+ B cells in cancer TDLNs and (2) assess wheth-
er recombinant IL-10 (rIL-10) modulates granzyme B, 
CD86, and TNF-α expression in these cells. By addressing 
these questions, we aimed to elucidate IL-10’s dual role in 
B-cell-mediated antitumor immunity.

Material and methods

Patients

In this study, we analyzed axillary lymph nodes from 
49 women with pathologically confirmed breast cancer to 
evaluate IL-10R expression in B cells (Table 1). Addition-
ally, we investigated the effects of rIL-10 on B cell expres-
sion of granzyme B, CD86, and TNF-α, using uninvolved 
axillary lymph nodes from breast cancer patients.

To ensure data reliability, we excluded patients who 
had undergone prior radiotherapy or chemotherapy, as well 
as those with chronic comorbidities such as infectious or 
autoimmune diseases. Fresh lymph node samples were ob-
tained in collaboration with a pathologist, who prepared 
the specimens for analysis. 

All participants provided written informed consent, 
and the study was approved by the ethics committees of 
Mashhad and Shiraz Universities of Medical Sciences 
(ethic numbers: IR.MUMS.MEDICAL.REC.1398.751 and 
IR.SUMS.REC.1398.1205, respectively). The research fol-
lowed the principles outlined in the Declaration of Helsinki 
(1975, revised 2000).

Isolation of mononuclear cells

To isolate mononuclear cells, we first crushed fresh 
lymph nodes in complete culture medium (CM10), which 
contained: RPMI 1640 supplemented with 10% FBS 
(Gibco, Life Technologies, USA) and 1% penicillin/
streptomycin (Bio-Idea, Iran). The cell suspension was 
passed through a 40 µm cell strainer (SPL, South Korea) 
to remove debris. We then isolated mononuclear cells by 
centrifuging the suspension at 600 ×g for 15 minutes over 
a Ficoll-Hypaque gradient (Lymphodex, inno-train Diag-
nostik GmbH, Germany) at 24°C. After centrifugation, we 
carefully collected the mononuclear cell ring and washed 
it twice in complete culture medium at 1800 rpm for 10 
minutes (24°C). The cells were then re-suspended in CM10 
for viability assessment and counting using Trypan Blue 
exclusion. Only samples with > 90% viability were used 
in experiments. 

To separate lymphocytes from monocytes/macro-
phages, we incubated the cells overnight in a 25 cm2 
culture flask at 37°C with 5% CO

2
. After incubation, we 

washed the cells at 300 ×g for 10 minutes in staining buf-
fer (PBS with 2% FBS) to remove dead cells. Finally, we 
re-suspended the pellet in CM10 and performed a final cell 
count using Trypan Blue.

Assessment of IL-10R expression on B cells

To evaluate IL-10R expression on unstimulated  
B cells, the cells were re-suspended in staining buffer at 
a concentration of 5 × 105 cells per 50 µl and then stained 
with the following antibodies: 
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•	 APC-conjugated anti-CD19 (clone: HIB19) to identify 
B cells,

•	 PE-conjugated anti-IL-10R (clone: 3F9) to detect IL-10 
receptor expression,

•	 PE Rat IgG2a, κ isotype control (clone: RTK2758) to 
account for nonspecific binding.

All antibodies and reagents were obtained from Bio- 
Legend (USA).

Cell activation for analyzing the effect of rIL-10 
on B cells

To evaluate the impact of IL-10 on granzyme B ex-
pression in B cells, lymphocytes were re-suspended in 
complete medium at a density of 1 × 106 cells/ml and cul-
tured in a 24-well tissue culture plate. The cells were stim-
ulated with the following reagents for 24 hours:
•	 Recombinant IL-21 (25 or 50 ng/ml, BioLegend),
•	 Anti-BCR (3.3 μg/ml, Jackson ImmunoResearch, USA),
•	 Recombinant IL-10 (25, 50, or 100 ng/ml, BioLegend).

Brefeldin A (1 µl/ml, BioLegend) was added during 
the last 6 hours of culture to inhibit protein secretion. Cells 
were maintained at 37°C in a 5% CO

2
 incubator throughout 

the experiment.
Cells stimulated only with rIL-21 and anti-BCR (with-

out IL-10) served as the control group.
To evaluate the impact of rIL-10 on CD86 expression in  

B cells, lymphocytes were suspended in complete medium 
at a density of 1 × 106 cells/ml and cultured in a 24-well 
tissue culture plate. The cells were treated with 25 ng/ml or 
100 ng/ml of rIL-10, along with 1 µg/ml CpG (InvivoGen, 
USA), for 48 hours. During activation, cells were main-
tained at 37°C in a 5% CO

2
 incubator. Cells treated with 

CpG alone served as the control group.
To evaluate the impact of IL-10 on TNF production by  

B cells, lymphocytes were re-suspended in complete me-
dium at a density of 1 × 106 cells/ml in a 24-well tissue 
culture plate. The cells were then treated with recombinant 
IL-10 (rIL-10) at concentrations of 25, 50, and 100 ng/ml, 
along with 1 µg/ml CpG (as a stimulatory control), for  
48 hours.

During the final 6 hours of culture, the cells were fur-
ther stimulated with:
•	 PMA (50 ng/ml, Sigma-Aldrich, Germany),
•	 Ionomycin (1 µg/ml, Sigma-Aldrich),
•	 Brefeldin A (1 µl/ml, BioLegend) (to inhibit cytokine 

secretion and allow intracellular accumulation).
All incubations were performed at 37°C under 5% CO

2
. 

CpG-treated cells (without IL-10) served as the experimen-
tal control.

Cell harvesting and staining protocol

After activation, mononuclear cells were harvested and 
washed with staining buffer (centrifuged at 300 g, 4-8°C 
for 10 minutes) to assess granzyme B, CD86, and TNF-α 

Table 1. Clinicopathological characteristics of breast 
cancer patients

Characteristic Value, n (%)

Age (years), mean ±SD (range) 49 ±11.3 (23-72)

Lymph node (LN) status

N0 (free LNs) 23 (46.9)

N1 (1-3 involved LNs) 18 (36.7)

N2 (4-9 involved LNs) 3 (6.1)

N3 (> 9 involved LNs) 5 (10.2) 

Lymph node (LN) characteristic

Involved LNs 20 (40.8)

Uninvolved 29 (59.2)

Tumor size (greatest dimension, cm) 

T1 (≤ 2) 25 (51.0)

T2 (2-5) 19 (38.8)

T3 1 (2.0)

Tx (unknown) 4 (8.2)

Stage

I 9 (18.4)

II 27 (55.1)

III 9 (18.4)

Unknown 4 (8.2)

Histological grade

Well differentiated (I) 3 (6.1)

Moderately differentiated (II) 42 (85.7)

Poorly differentiated (III) 1 (2.0)

Unknown 3 (6.1)

Tumor type

Infiltrating ductal carcinoma (IDC) 41 (83.7)

IDC with medullary features (IDC + M) 5 (10.2)

Unknown 3 (6.1)

Her2 expression

Positive 5 (10.2)

Negative 22 (44.9)

Equivocal 4 (8.2)

Unknown 18 (36.7)

ER expression

Positive 24 (49.0)

Negative 7 (14.3)

Unknown 18 (36.7)

PR expression

Positive 21 (42.9)

Negative 10 (20.4)

Unknown 18 (36.7)
LN – lymph node, ER – estrogen receptor, PR – progesterone receptor,  
HER2 – human epidermal growth factor receptor 2
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production in B cells. The cells were then re-suspended  
in staining buffer at a concentration of 5 × 105 cells/50 µl 
in flow cytometry tubes. 

Surface staining for CD86: To evaluate CD86 expres-
sion, B cells were surface-stained using:
•	 APC-conjugated anti-CD19 (Clone: HIB19, BioLeg-

end),
•	 PE-conjugated anti-CD86 (Clone: IT2.2, BioLegend) or 

its isotype control (PE Mouse IgG2b, κ, Clone: MPC-11, 
BioLegend).

Intracellular staining for granzyme B and TNF-α: For 
intracellular detection of granzyme B and TNF-α, cells were 
first surface-stained with PE- or APC-conjugated anti-CD19 
(Clone: HIB19, BioLegend). After fixation with 1% para-
formaldehyde (Sigma Aldrich) and permeabilization with 
Perm/wash buffer (BioLegend), they were then stained with:
•	 Alexa Fluor 647-conjugated anti-granzyme B (Clone: 

GB11, BD Biosciences),
•	 PE-conjugated anti-TNF-α (Clone: MAb11, BD Biosci-

ences),
•	 Or their respective isotype controls (Alexa Fluor 647 

Mouse IgG1, κ, Clone: MOPC-21; PE Mouse IgG1, κ, 
Clone: MOPC-21).

Finally, cells were washed and analyzed by flow cy-
tometry.

Flow cytometry analysis

We performed flow cytometry using a BD FACS-
Calibur instrument (BD Biosciences) equipped with four 
fluorescent detectors. Data were analyzed using FlowJo 
software (v7.6.2, Tree Star, Ashland, OR). 

Gating strategy

As shown in Figures 1A and 5, lymphocytes were first 
gated based on their forward scatter (FSC) and side scatter 
(SSC) profiles. From this population, CD19+ B cells were 
identified for further analysis. The expression of IL-10R, 
granzyme B, CD86, and TNF-α in B cells was assessed us-
ing fluorescence minus one (FMO) controls as the reference.

Statistical analysis

To compare the frequency of B cell subpopulations be-
tween two groups, we used the nonparametric Mann-Whit-
ney U test. For comparisons involving more than two 
groups, we applied the Kruskal-Wallis H test, followed 
by Dunn’s posttest for pairwise comparisons. Addition-
ally, we assessed correlations between the frequency of 
cell subsets, tumor size, and the number of involved lymph 
nodes using Spearman’s rank correlation test. 

All statistical analyses were performed using SPSS 16 
(SPSS GmbH Software, Germany), with a p-value < 0.05 
considered statistically significant. Graphs were generated 
using GraphPad Prism 6 (GraphPad Software, Inc., San 
Diego, CA, USA).

Results

Analysis of IL-10R expression on B cells isolated  
from TDLN of breast cancer patients  
and its association with clinicopathological 
characteristics

Association of frequency of IL-10R-expressing 
B cells with LN involvement in breast cancer 
patients

To investigate the expression of IL-10R in B cells, 
we collected axillary lymph nodes from 49 women with 
pathologically confirmed breast cancer. Clinicopatho-
logical characteristics of the patients are summarized in  
Table 1. In breast tumor-draining lymph nodes (TDLNs), 
B cells accounted for 34.1 ±13.8% of the lymphocyte pop-
ulation. Among B cells, 52.9 ±17.3% expressed IL-10R 
(Fig. 1A, Table 2). The proportion of IL-10R-expressing 
B cells was significantly lower in metastatic lymph nodes 
(MLN) compared to nonmetastatic lymph nodes (nMLN) 
(p = 0.024). Similarly, the MFI of IL-10R expression in  
B cells was significantly lower in MLNs (p = 0.046). How-
ever, the percentage of B cells did not significantly differ 
between the two types of lymph nodes (Fig. 1B). Addi-
tionally, further analysis revealed a positive correlation be-
tween the percentage of B cells expressing IL-10R and the 
intensity of IL-10R expression (p = 0.009, r = 0.4). How-
ever, there was no correlation between IL-10R expressing 
B cells and the percentage of B cells in TDLNs (Fig. 1C).

There was a significantly lower percentage of B cells 
expressing IL-10R in patients without LN involvement 
(LN–) compared to those with at least one involved LN 
(LN+) (p = 0.049), as shown in Figure 2A. However, the 
frequency of B cells or the MFI of IL-10R on these cells 
was not significantly different in MLNs and nMLNs in 
each patient. Furthermore, the percentage of IL-10R+  
B cells showed no significant difference in nMLNs and 
MLNs of LN+ patients. However, the MFI of IL-10R ex-
pression in B cells was significantly lower in MLNs com-
pared to nMLNs of patients with at least one involved LN 
(p = 0.021, Fig. 2B). No significant difference was found 
in the frequencies of B cells and IL-10R+ B cells and the 
intensity of IL-10R expression on B cells in patients clas-
sified as N1 (with 1-3 involved LNs) and N2 + N3 (with 
more than 3 involved LNs). Furthermore, these frequencies 
did not show any significant correlation with the number 
of involved lymph nodes (Fig. 2C). 

�Frequencies of B cells and B cells expressing 
IL-10R in involved and uninvolved lymph nodes 
obtained from one patient

We collected both involved and uninvolved lymph 
nodes from 11 patients. We observed a significantly high-
er frequency of B cells expressing IL-10R in uninvolved 
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Fig. 1. A) Flow cytometry analysis of IL-10 receptor (IL-10R) expression in B cells derived from breast tumor-drain-
ing lymph nodes (TDLNs). Initially, lymphocytes were selected based on their side and forward scatter characteristics. 
Subsequently, CD19+ cells were gated as B cells. Finally, the expression of IL-10R in B cells was determined using the 
fluorescence minus one (FMO). B) Comparison of frequency of B cells, IL-10R-expressing B cells and the MFI of IL-10R 
expression on B cells in metastatic lymph nodes (MLNs) and non-metastatic lymph nodes (nMLNs) of breast cancer; data 
are representative of 29 nMLNs and 20 MLNs. C) Correlation of frequency of B cells with IL-10R expressing B cells, 
frequency of IL-10R expressing B cells, and MFI of IL-10R expression on B cells. Data are presented as mean ±SEM. 
*P-value < 0.05. SEM – standard error of the mean, MFI – mean fluorescence intensity
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Fig. 2. A) Comparison of frequency of B cells, IL-10 receptor (IL-10R)-expressing B cells and MFI of IL-10R expression 
on B cells in patients with at least one involved lymph node (LN+) and patients with no involved lymph nodes (LN–) in 
breast tumor-draining lymph nodes (TDLNs). Data are representative of 21 LN+ patients and 28 LN– patients. B) Compar-
ison of frequency of B cells, IL-10R-expressing B cells and MFI of IL-10R expression on B cells in metastatic lymph nodes 
(MLNs) and non-metastatic lymph nodes (nMLNs) of breast cancer patients with at least one involved lymph node (LN+ 
patients). Data are representative of 8 nMLNs and 20 MLNs. C) Association between frequency of B cells, IL-10R-ex-
pressing B cells and MFI of IL-10R expression on B cells with the number of involved lymph nodes. N1 represents  
1-3 involved lymph nodes (18 samples), N2 + N3 represents more than 3 involved lymph nodes (8 samples), and data 
are presented as mean ±SEM. *P-value < 0.05. SEM – standard error of the mean, MFI – mean fluorescence intensity
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lymph nodes compared to involved lymph nodes in a pa-
tient with breast cancer (p = 0.040). However, the frequen-
cy of B cells or the MFI of IL-10R on these cells was not 
significantly different in MLNs and nMLNs in each patient 
(Fig. 3). 

Association between IL-10R expression in B cells 
and stage, grade, size, and type of breast cancer

The percentage of B cells, IL-10R expressing B cells, 
and the intensity of IL-10R expression on these cells did 
not show a significant association with the stage, grade, 
size, or type of breast cancer (Table 3).

Association between IL-10R-expressing  
B cells and expression of estrogen receptor 
(ER), progesterone receptor (PR), and human 
epidermal growth factor receptor 2 (HER2)

According to our results, no significant correlation 
was found between the frequency of B cells, IL-10R+  
B cells, MFI of IL-10R+ B cells with the ER or PR by 
tumor cells (Fig. 4A). However, it was observed that pa-
tients with HER2+ tumors had a notably higher frequency 
of IL-10R-expressing B cells compared to those in the 
HER2– group (p = 0.023). However, the intensity of ex-
pression of this receptor was not different in these patients 
(Fig. 4B).

Phenotype of IL-10R-expressing B cells

In one involved and two uninvolved LNs, the phe-
notype of IL-10R+ B cells was determined based on the 
expression of CD24 and CD27 markers. The findings 
revealed that in nMLNs, 85.6% and 61.6% of IL-10R+  
B cells were memory/active B cells (CD27+CD24hi), while 
11.1% and 32.9% of them showed a naïve phenotype  
(CD24lowCD27–). On the other hand, in the MLN, 49% 
and 42% of IL-10R+ B cells exhibited memory/active  
B cells and naïve phenotype, respectively (Fig. 5A). Ad-
ditionally, we observed that 73.7% and 54.5% of memory  
B cells in nMLNs expressed IL-10R, while 50.9% of 
memory B cells in the MLN also expressed IL-10R. Fur-
thermore, 40.7% and 20.8% of naïve B cells in nMLNs 
and 18.8% of naïve B cells in the MLN expressed IL-10R 
(Fig. 5B).

Assessing the effect of IL-10 on granzyme B, 
CD86, and TNF-a expression in B cells

Effect of rIL-10 on production of granzyme B  
in B cells

The analysis showed that IL-21 (50 ng/ml) and anti- 
BCR (3.3 μg/ml) can induce B cells to produce gran- 
zyme B. However, the addition of 25 ng/ml, 50 ng/ml, 
and 100 ng/ml of rIL-10 in a 24-hour culture did not sig-
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nificantly affect the production of GrB in these cells. We 
hypothesized that the lack of effect could be attributed to 
the use of optimal doses of IL-21 and anti-BCR. The ex-
periment was conducted again, this time using a lower con-
centration of IL-21 (25 ng/ml) and anti-BCR (3.3 μg/ml), 
along with 50 ng/ml and 100 ng/ml of rIL-10, for 24 hours. 
The results of the experiment indicated that the presence 
of 100 ng/ml of rIL-10 led to a significant increase in the 
percentage of B cells producing granzyme B (p = 0.0286, 
Fig. 6).

Effect of rIL-10 on expression of CD86 in B cells

Interleukin 10 at concentrations of 25 ng/ml and  
100 ng/ml was added to stimulated B cells in the 48-hour 
culture medium. Subsequent analysis revealed no signifi-
cant effect on CD86 expression in B cells (Fig. 7). 

Effect of rIL-10 on expression of TNF-α  
by B cells

Following a brief polyclonal stimulation, it was found 
that 62.8 ±18.1% of B cells obtained from breast TDLNs 
produced TNF-α. Further investigation showed that  
26.1 ±9.3% of B cells expressed this cytokine at a high 
intensity (TNFhi), while 36.4 ±8.8% expressed TNF at 
a lower intensity (TNFlow). The addition of IL-10 to the 
culture for 48 hours did not have a significant impact on 
TNF-α production. However, the presence of 50 ng/ml  
IL-10 resulted in a 40% decrease in the percentage of  
TNFhi B cells (16.1 ±4.2%) (Fig. 8).

Discussion
The immune response within tumors and their draining 

lymph nodes (LNs) is a critical determinant of cancer pro-

gression and clinical outcomes. Cytokines such as IL-10 
play a pivotal role in shaping this response, with paradox-
ical effects – both suppressing and stimulating anti-tumor 
immunity [33, 34]. Our study suggests a context-depen-
dent role for IL-10 in breast cancer immunity. Below, 
we discuss these findings within the broader framework 
of IL-10’s dual functionality and their potential clinical 
implications.

IL-10R+ B cells and contrasting associations: 
nodal involvement vs. HER2+ tumors 

B cells make up approximately 30% of lymphocytes in 
TDLNs, with about half of them expressing IL-10R. This 
aligns with previous studies that have identified B cells 
as a primary target of IL-10 [35]. Interestingly, IL-10R+ 
B cells were more prevalent in nMLNs and LN– patients, 
while their frequency and intensity of receptor expression 
were significantly lower in MLNs. This decline was evi-
dent even when comparing tumor-involved and uninvolved 
LNs within the same patient. Our previous study revealed 
that this reduction extended to the peripheral blood of 
breast cancer patients, as these cases had a lower percent-
age of circulating IL-10R+ B cells compared to healthy 
individuals [36]. Additionally, in nMLNs the majority of  
IL-10R+ B cells exhibited an active/memory phenotype 
rather than a naïve one. This suggests that active/mem-
ory B cells may be more sensitive to IL-10 compared to 
naïve B cells, and they upregulate IL-10R upon activation, 
a pattern that contrasts sharply with what is observed in  
T cells [18].

The predominance of IL-10R+ cells in nMLNs sug-
gests a protective role for these cells. This protective role 
of IL-10R+ B cells may stem from their ability to enhance 
anti-tumor immunity. In nMLNs – a reactive environment 

Table 3. Percentages of B cells and IL-10R+ B cells in patients with different stages, grades, tumor sizes, and tumor types

Parameter Value, n (%) B cell (mean ±SEM) P value
IL-10R+ B cell
(mean ±SEM)

P value

Tumor size (greatest dimension, cm) 0.7 0.8

T1 (≤ 2) 25 (51.0) 35.7 ±2.5 52.4 ±3.2

T2 (2-5) 19 (38.8) 35 ±3.6 52 ±4.7

Stage 0.3 0.6

I 9 (18.4) 29.74 ±3.7 57.8 ±5.1

II 27 (55.1) 37.6 ±2.4 52 ±3.7

III 9 (18.4) 33.5 ±6 49.1 ±5.5

Histological grade 0.2 0.2

Well differentiated (I) 3 (6.1) 44.2 ±9.3 60.5 ±13.8

Moderately differentiated (II) 42 (85.7) 33.4 ±2 51.8 ±2.7

Tumor type 0.4 0.6

Infiltrating ductal carcinoma (IDC) 41 (83.7) 34.1 ±2.2 53.4 ±2.6

IDC with medullary features (IDC + M) 5 (10.2) 40.1 ±5.7 46.9 ±10.9

IL-10R – IL-10 receptor, SEM – standard error of mean
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– tumor antigen exposure may activate IL-10R+ B cells, 
promoting their survival through BCL-2 upregulation [34, 
37]. Additionally, IL-10 signaling in B cells upregulates 
MHC expression, promotes plasma cell differentiation, 
and supports class switching [21, 38, 39]. These processes 
are all critical for effective antigen presentation and T-cell 
activation.

In contrast, the presence of tumor cells in MLNs creates 
an immunosuppressive environment that facilitates immune 
evasion [40]. The reduction of IL-10R+ B cells in MLNs 
suggests that metastatic tumors may suppress IL-10R 
expression via tumor-derived factors, leading to fewer 
active/memory and class-switched IL-10R+ B cells. This 
is consistent with previous findings of reduced IgM–IgD– 
class-switched and active/memory B cells in metastatic 
axillary LNs compared to uninvolved nodes [2], suggest-
ing that decreased IL-10R expression in MLNs may reflect 
tumor-induced reprogramming. Additionally, the strong 
correlation between frequency of IL-10R+ B cells and the 
intensity of their IL-10R expression suggests a tightly regu-
lated mechanism controlling receptor expression. This high-
lights the importance of downregulating IL-10R in MLNs.

The frequency and expression intensity of IL-10R+  
B cells showed no correlation with breast cancer charac-
teristics such as stage, grade, tumor size, or type – except 
for Her2 status. Patients with Her2+ tumors had signifi-
cantly higher levels of IL-10R+ B cells compared to those 

Fig. 6. Comparison of frequency of granzyme B (GrB)-producing B cells in the absence and presence of IL-10. Lym-
phocytes were stimulated with (A) recombinant interleukin (rIL)-21 (50 ng/ml) and anti-B cell receptor (BCR) (3.3 μg/
ml) along with 25 ng/ml, 50 ng/ml, and 100 ng/ml of (rIL-10) for 24 hours. Data are representative of 4 independent 
experiments. B) Lymphocytes were stimulated with rIL-21 (25 ng/ml) and anti-BCR (3.3 μg/ml), along with 50 ng/ml and  
100 ng/ml rIL-10 for 24 hours. Data are representative of 3 independent experiments. C) Lymphocytes were stimulated 
with rIL-21 (25 ng/ml) and anti-BCR (3.3 μg/ml), along with 100 ng/ml rIL-10 for 24 hours. Data are representative of 
4 independent experiments. In all experiments explained above, during the last 6 hours of stimulation, cells received 
brefeldin A (1 µl/ml) and cells that were treated with IL-21 and anti-BCR were used as controls. After staining with 
anti-CD19 and anti-GrB antibodies, the cells were analyzed by flow cytometry. Fluorescence minus one (FMO) was 
used to determine the expression of GrB in B cells. Data are presented as mean ±SEM. *P-value < 0.05. SEM – standard 
error of the mean
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that were only treated with CpG were used as controls. 
Cells were analyzed by flow cytometry after staining with 
anti-CD19 and anti-CD86 antibodies. Finally, expression 
of CD86 in B cells was determined using fluorescence mi-
nus one (FMO). Data are presented as mean ±SEM, and 
are representative of 3 independent experiments. SEM – 
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with Her2– tumors. Previous studies have shown a posi-
tive correlation between HER2+ tumors and the level of  
IL-10 [40]. Additionally, there is an association between 
the overexpression of HER2 in breast cancer patients 
and the presence of in situ IgG [41]. Several studies have 
linked IgG production to tumor promotion through IgG4 
subclass or by activating Fc-γ receptors on myeloid cells, 
which regulate the effector function of TILs [42, 43]. This 
suggests that a higher frequency of IL-10R+ B cells sup-
ports HER2+ tumor progression by fostering an immu-

nosuppressive microenvironment. The contrast between 
IL-10R+ B cell abundance in HER2+ tumors (a poor prog-
nostic marker) and their association with LN– status (a fa-
vorable marker) underscores IL-10’s context-dependent 
roles. Since IL-10R+ B cells are heterogeneous (containing 
both naïve and active/memory subsets) and IL-10’s effects 
vary by dose and target cell differentiation [26, 28, 29, 44], 
further research is needed to resolve this discrepancy and 
elucidate the role of IL-10R+ B cell subsets in cancer im-
munity.

Fig. 8. Comparison of frequency of TNF-α expressing B cells in absence and presence of IL-10. Cells were treated with 
25 ng/ml, 50 mg/ml, and 100 ng/ml recombinant IL-10 (rIL-10) in combination with 1 µg/ml of CpG for 48 hours. In 
the final 6 hours of culture, PMA (50 ng/ml), ionomycin (1 µg/ml), and brefeldin A (1 µl/ml) were added. Cells treated 
with only CpG were taken as controls. After staining with anti-CD19 and anti-TNF-α antibodies, the cells were evalu-
ated by flow cytometry. Finally, expression of TNF-α in B cells was determined using fluorescence minus one (FMO).  
The following comparisons are shown: A) B cells that express TNF-α, B) geometric mean fluorescence intensity (gMFI) 
of TNF-α expression in B cells, C) B cells that express TNFα with high intensity (TNFhi B cells), and D) B cells that 
express TNF-α with low intensity (TNFlow B cells). Data are presented as mean ±SEM, and are representative of 4 inde-
pendent experiments. SEM – standard error of the mean
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IL-10 enhances granzyme B but suppresses TNF-α 
in B cells: dual immunomodulatory effects

IL-10 promotes granzyme B production in B cells 
but reduces TNF-α intensity in B cells

Granzyme B-producing B cells represent a unique sub-
set capable of exerting both pro- and anti-tumor effects, 
depending on the context [45]. In hepatocellular carci-
noma, for instance, margin-infiltrating B lymphocytes  
(MIL-Bs) have demonstrated direct anti-tumor ac-
tivity through secretion of granzyme B and TRAIL 
[14]. Previous studies have shown that IL-10, in com-
bination with IL-4, can induce granzyme B expres-
sion in anti-BCR-activated B cells, albeit less potent-
ly than IL-21 [45]. However, the interplay between 
IL-10 and IL-21 in modulating granzyme B produc-
tion remained unexplored. Our study addressed this 
gap by stimulating B cells with varying concentra-
tions of IL-10 alongside optimal doses of IL-21. While 
high-dose IL-21 did not significantly alter granzyme B 
levels, the addition of 100 ng/ml rIL-10 combined with 
a lower IL-21 dose markedly increased the frequency of 
granzyme B-producing B cells. This finding challenges 
the conventional view of IL-10 as a purely immunosup-
pressive cytokine, suggesting instead that it can enhance 
cytotoxic B-cell responses under specific conditions.

In contrast, IL-10 exerted a suppressive effect on 
TNF-α expression. While it did not change overall TNF-α 
production, it reduced the frequency of TNF-αhi B cells 
by approximately 1.6-fold across all tested doses. Studies 
on cancer have shown that TNF-α promotes anti-tumor 
immunity at high levels but facilitates metastasis at low 
concentrations [46, 47]. Additionally, research on breast 
TDLNs has revealed a correlation between TNF-αhi B cells 
and positive prognostic markers [47]. This finding suggests 
that IL-10 may decrease the anti-tumor function of B cells 
by reducing the intensity of TNF-α expression, leading to 
a weaker immune response against breast cancer.

IL-10 does not modulate CD86 expression 

The B7.2 (CD86) co-stimulatory signal enhances  
B cell activity and is crucial for initiating T-cell activation 
upon tumor antigen recognition [48, 49]. Previous stud-
ies have found that about 23 ±14.3% of B cells in breast 
TDLNs express CD86. CD86+ B cells have been linked to 
poor prognosis, potentially due to their association with 
regulatory B cells that foster immunosuppressive Treg 
expansion [50-53]. IL-10 has been reported to downreg-
ulate CD86 in transitional B cells, thereby dampening 
CD4+ T-cell responses [54]. Our data revealed that IL-10 
had no significant effect on CD86 expression in activated  
B cells – despite their high baseline CD86 frequency 
(around 50%). This implies that IL-10’s immunomodula-
tory influence on B cells may be more selective, primarily 

fine-tuning cytokine production rather than broadly regu-
lating co-stimulatory signals.

Conclusion: IL-10’s dual role in B cell 
function

This study provides novel insights into the role of 
IL-10R-expressing B cells in breast TDLNs. We found that 
approximately 50% of B cells in breast TDLNs express  
IL-10R, with a significant proportion displaying a mem-
ory/activated phenotype. These IL-10R+ B cells exhibit-
ed a dual association with clinical prognostic markers – 
negatively correlating with lymph node involvement but 
positively correlating with HER2 expression – suggesting 
a context-dependent role in breast cancer progression. 
Furthermore, we demonstrated that IL-10 exerts a contra-
dictory effect on B cell function, enhancing granzyme B 
production while suppressing TNF-a expression, under-
scoring its diverse role in shaping anti-tumor and pro-tumor  
B cell responses.
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