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Abstract Renal cell carcinoma is among the leading causes
of cancer-related death and was found to induce IL-10. We
started by focusing on IL-10-secreting cells in tumor-
infiltrating lymphocytes in renal cell carcinoma patients and
observed that both CD3" T cells and CD19" B cells contrib-
uted to an elevated IL-10 expression. We then focused on IL-
10-expressing B cells, and found that compared to non-IL-10-
producing B cells, the IL-10-expressing B cells had signifi-
cantly lower levels of CD19 and CD20 expression, a lack of
IgM and IgD expression, while the level of CD27 was elevat-
ed. Moreover, culturing under unstimulated conditions result-
ed in higher antibody production by these IL-10-producing B
cells than their peripheral blood counterparts, which strongly
suggested that they are plasmablast-differentiating cells. Both
IgA and IgG subtypes were found but IgA had a higher rela-
tive abundance in the tumor-infiltrating fraction. We then ob-
served inverse correlations between the frequency of 1L-10-
producing B cells and pro-inflammatory cytokine-producing
T cells and T cell proliferation. The expression of T cell
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exhaustion marker Tim-3, however, was upregulated in pa-
tients with high frequencies of IL-10-producing B cells.
Moreover, supernatant from tumor B cells suppressed T cell
inflammation. In addition, frequencies of IL-10-producing
tumor-infiltrating B cells were inversely correlated with
resected tumor size, and were higher in later stage tumors.
Together, our data demonstrated that IL-10-producing B cells
had plasmablast-differentiating phenotype, and could contrib-
ute to T cell immunosuppression in renal cell carcinoma.

Keywords IL-10 - Tumor-infiltrating lymphocytes - Renal
cell carcinoma

Introduction

Renal cell carcinoma is among the top 10 leading causes of
cancer-related deaths with a rising incidence worldwide [1-3].
Metastasis is present in one third of patients initially and will
develop in another third within 10 years. Moreover, metastatic
renal cell carcinoma is resistant to radiotherapy and systemic
therapy, resulting in the extremely low 5-year survival rate of
about 5 % in metastatic cancers [4, 5]. New mechanistic stud-
ies on the initiation, development and treatment of renal cell
carcinoma are urgently needed. Although immunotherapies
using tumor-specific T cells have been intensively investigat-
ed, their applications and efficacy are limited by a variety of
tumor-mediated immunosuppression mechanisms [6, 7].
Tumor cells can escape immune surveillance by elevating
FasL expression and downregulating Fas, which are involved
in the killing of tumor-infiltrating lymphocytes (TILs) [8, 9].
Elevated levels of anti-inflammatory cytokines, including
TGF-beta and IL-10, were discovered in freshly isolated tu-
mor cells and were shown to mediate inhibition of tumor-
eradicating immunity and escape from immune surveillance
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[8, 10-12]. Renal cell carcinoma in particular was found to
induce IL-10 [13]. More studies are needed to examine the
regulatory mechanisms in the tumor microenvironment.

Regulatory B cell (Breg) is an increasingly studied B cell
subtype that was found to contribute to the suppression of
anti-tumor immunity. Studies in murine models have found
that unlike B cell knockout mice, wild-type mice were unable
to reject and eliminate irradiated tumor cells due to a lack of
robust IFN-gamma secretion by cytotoxic T cells and NK
cells, an effect that is dependent on CD40-CD154 interaction
[14, 15]. The presence of B cells was also found to correlate
with increased regulatory T cell (Treg) expansion in wild-type
mice that failed to inhibit tumor growth [16]. In other human
diseases and animal models, Breg cells were found to mediate
immune suppression through production of IL-10, an immu-
noregulatory cytokine that potentially suppresses T cell in-
flammation, promotes Treg cell expansion, and protects tissue
integrity by preventing excessive inflammation [17, 18]. In the
context of renal cancer initiation and progression, the partici-
pation of B cells is unclear, but several other kidney diseases
involved aberrant B cell responses, including IgA nephropa-
thy, acute kidney injury, and renal interstitial inflammation
[19-21]. In addition, IgA and/or IgM depositions were found
in tumors and glomeruli of renal cell carcinoma patients
in several studies, with unknown implications on disease
progression [22-24]. While these studies implicated a
potential role of B cell participation in kidney cancer,
no direct evidence is present on whether B cell-
mediated inflammation and/or immune suppression have
a role in renal cell carcinoma.

In this study, we first examined the intratumoral environ-
ment in freshly isolated renal tumors. Both intratumoral IL-
10-secreting B cells and T cells were found, with elevated
abundance in tumor compared to in autologous peripheral
blood. Interestingly, comparing to non-IL-10-producing B
cells, the IL-10-expressing B cells had significantly lower
CD19 and CD20 and higher CD27 expression, did not present
surface IgM and IgD, and were found to produce higher levels
of IgA and IgG antibodies directly ex vivo, strongly suggest-
ing a plasmablast differentiation. We then observed that the
frequency of IL-10-producing B cells had a negative correla-
tion with autologous T cell pro-inflammatory cytokine pro-
duction and proliferation, and a positive correlation with
Tim-3 expression in tumor-infiltrating T cells. Moreover,
compared to that from circulating B cells, supernatant from
tumor B cells directly suppressed T cell inflammation. In renal
cell carcinoma patients, frequencies of IL-10-producing
tumor-infiltrating B cells were positively correlated with
resected tumor size and were higher in later stage tumors.
Together, our data described a tumor-infiltrating population
of IL-10-producing B cells that contained IgG and IgA-
secreting cells and could contribute to immunosuppression
in renal cell carcinoma.
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Materials and methods
Clinical samples

Demographic and clinical patient information was summa-
rized in Table 1. Exclusion criteria included use of chemother-
apy, radiotherapy, or biological therapy one month prior to
surgery, concurrent corticosteroids, or other immunosuppres-
sive medications, hepatitis B infection, type II diabetes, and
clinically significant autoimmune disease. Tumor tissues were
obtained from renal cell carcinoma patients. Possible normal
tissues attached to resected tumor were carefully separated and
not included in the study. Peripheral blood specimen was col-
lected from patients one day before surgery. Fresh tumor spec-
imens were processed by sterile mechanical dissection, enzy-
matic digestion, and centrifuged through a sucrose gradient as
described previously [25]. The resulting buffy coat layer was
identified as tumor-infiltrating lymphocytes, washed and ei-
ther used immediately or cryopreserved in —80 °C until use.
Peripheral blood lymphocytes were obtained by Ficoll centri-
fugation and cryopreserved in —80 °C until use. The study was
conducted according to the principles expressed in the
Declaration of Helsinki. All protocols were approved by the
Ethics Board of Changhai Hospital, Second Military Medical
University and written informed consent was obtained from
all patients.

Cell culture

Culture media were prepared as RPMI 1640 supplemented
with 10 % fetal bovine serum, Pen Strep, and L-glutamine
(Life Technologies), with additional stimulants in some cul-
tures in an experiment-specific way. Cell culture condition
was 37 °C 5 % CO,, unless otherwise specified.

Table1 Demographic and clinical information of renal cell carcinoma
patients
Stage [+11 Stage III+1V P
N 8 7 ns.
Age (years) 60 (45-77) 62 (47-76) ns.
Sex n.s.
Male 4 5
Female 4 2
Tumor size (cm) 6.5 (4.1-8.8) 8.1 (5.5-11.1) <0.05
Metastatic sites 0 2 (1-3) <0.0001
Histology n.s.
Clear cell 8 7

All continuous variables are shown as median (range). P value is calcu-
lated by performing chi-square test or unequal variances ¢ test

n.s. not significant
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Flow cytometry

All antibodies, including CD3, CD10, CD19, CD20, CD21,
CD24, CD27,CD34, 1gM, IgD, IFN-gamma, TNF-alpha, and
IL-10, were purchased from BD and the manufacturer’s rec-
ommended concentrations were used. Isotype-matching anti-
bodies were used as controls for gating. The general surface
staining protocol included first washing cells in PBS supple-
mented with 2 % fetal bovine serum, adding surface antibod-
ies and incubating for 30 min in 4 °C, and then washing cells
twice and proceeding to flow cytometry analysis by BD
LSRFortessa. For intracellular staining, cells were incubated
in CytoFix/CytoPerm (BD) for 15 min in 4 °C, washed once
with Perm/Wash (BD), and incubated with intracellular anti-
bodies for 30 min in 4 °C. Cells were then washed twice and
sent for flow cytometry analysis. For circulating lymphocytes,
greater than 10° events were collected and analyzed. For
tumor-infiltrating lymphocytes, greater than 10> events were
collected and analyzed.

Cell isolation

Circulating or tumor-infiltrating B cells and T cells were neg-
atively isolated using B cell or pan T isolation kits (Miltenyi)
following the manufacturer’s protocol. Briefly, total peripheral
blood mononuclear cells or tumor-infiltrating lymphocytes
were treated with mouse-anti-human antibody cocktails that
did not bind to B cells or T cells, followed by anti-mouse Ig
magnetic beads. The non-B or non-T cells were then pulled
away from the mixture by magnets, leaving B cells or T cells
intact. The assays were repeated twice for improved purity.

ELISAs

Cells were cultured for 72 h at 5x 10* cells per 100 pl of
culture media in a round bottom 96-well plate. Plates were
spun at 300g for 5 min and 75 ul of supernatant per well were
carefully removed. IL-10 was measured by Human IL-10
ELISA Kit (Life Technologies) following the manufacturer’s
instructions. Sensitivity was <3 pg/ml. For IgG and IgA de-
tection, Human total IgG and IgA ELISA Kits (eBioscience)
were used and the detection limit was 1.6 and 1.5 ng/ml,
respectively.

T cell proliferation and pro-inflammatory cytokine
measurement

T cells were labeled with CFSE and cultured in normal culture
media, supernatant from circulating B cells, or supernatant
from tumor-infiltrating B cells for 5 days. Anti-human CD3
and anti-human CD28 monoclonal antibodies were added at
2.5 pg/ml in media. Twelve hours before the end of incuba-
tion, GolgiStop/GolgiPlug (BD) was added to the cell culture

to retain secreted cytokine. Cells were then harvested and
stained for flow cytometry analyses. B cell supernatant was
obtained by culturing 10° purified circulating or tumor-
infiltrating B cells per 1 ml culture media for 5 days in a 24-
well plate, after which the cells were centrifuged at 300g for
5 min and the supernatant was carefully taken and stored at
—80 °C.

Statistical analysis

All statistical analyses were performed in Prism 6 software
(GraphPad). For comparison between two groups, unequal
variances ¢ tests were used. For comparisons between two
different conditions in the same individual, paired ¢ tests were
used. Shapiro-Wilk normality test was used to confirm normal
distribution. The Pearson correlation coefficient was calculat-
ed for correlation between two variables. Two-tailed P<0.05
was considered statistically significant.

Results
IL-10-producing cells in resected tumor

To examine the intratumoral environment, we obtained
freshly resected tumors from renal cell carcinoma pa-
tients. The demographic and clinical characteristics of
study subjects are summarized in Table 1. Flow cytom-
etry analysis demonstrated that IL-10-producing cells
were found in both T cell (CD3") and B cell (CD19")
compartments of circulating lymphocytes and tumor-
infiltrating lymphocytes (Fig. la, b). The relative distri-
bution of IL-10" cells in the T cell, B cell, or other
(non-T non-B) cell compartments varied by patient
(Fig. lc, d), but the relative contribution of IL-10 by
B cells was higher in the tumor-infiltrating fraction
compared to the circulating fraction (Fig. le). We also
examined the percentage of IL-10" cells in total lym-
phocytes, T cells and B cells, and found that tumor-
infiltrating lymphocytes had significantly upregulated
IL-10" cells compared to their peripheral blood counter-
parts (Fig. 1f). No significant correlation between the
frequencies of peripheral blood IL-10" cells and tumor-
infiltrating IL-10" cells were found, either in total lym-
phocytes (Fig. 1g) or in T cells and B cells (data not
shown).

ELISA experiments were performed on the supernatant
from lymphocytes cultured ex vivo. Tumor-infiltrating lym-
phocytes secreted significantly higher IL-10 than their periph-
eral blood counterparts (Fig. 2a). Notably, circulating B cells
from several patients had no detectable IL-10 production,
while B cells isolated from tumor had detectable IL-10 secre-
tion in all patients. Also, the relative contribution of IL-10
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Fig. 1 IL-10-producing cells were shifted toward the B cell fraction in
the tumor compared to the blood. Blood lymphocytes or tumor-
infiltrating lymphocytes were stained with anti-human CD3, CD19 on
surface and with anti-human IL-10 intra-cellularly. Data were obtained
by flow cytometry and were analyzed by unequal variances ¢ tests and
Pearson’s correlation. n.s. not significant. a, b First panel shows the
gating of IL-10" cells in lymphocytes. Second panel shows the
expression of CD3/CD19 by IL-10" cells (black dots) against all
lymphocytes (gray dots). Numbers in the second panel indicate the

from B cells, as a ratio of IL-10 by B cells to IL-10 by T cells,
is significantly elevated in tumor, compared to that in the
peripheral blood (Fig. 2b).

Together, these data demonstrated that IL-10-
expressing tumor-infiltrating T cells and B cells were
present at higher frequencies in tumor than in peripheral
blood. Interestingly, IL-10 secretion is more biased to-
ward the B cell compartment in tumor compared to
peripheral blood.
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percentage of all lymphocytes (gray dots) in each quadrant. ¢, d
Distribution of IL-10" cells in lymphocyte subsets that were CD3" only,
CD19" only, or neither, representing T cell, B cell, or other cell subsets,
respectively, in each individual. e Summary of the percentage of IL-10"
cells that were T cells, B cells or other, in all individuals in circulating
compared to tumor-infiltrating lymphocytes. f Percentage of total
lymphocytes, T cells, or B cells that were IL-10" in the blood and
tumor. g Correlation between blood lymphocytes and tumor
lymphocytes in the frequencies of IL-10" cells

Phenotyping of IL-10-producing B cells in resected tumor

The role of regulatory T cells and T cell-mediated IL-10 se-
cretion has been studied previously [25-27], while few data is
available for the characterization of tumor-infiltrating B cells.
Moreover, B cell-mediated suppression was seen to inhibit the
induction of T cell-dependent anti-tumor immunity and auto-
immunity through IL-10 secretion [28]. In humans, B cells
that produce IL-10 and exhibited regulatory activity were
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Fig. 2 IL-10 secretion is elevated
in tumor B cells compared to
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found to be CD24" CD38" [30, 31], a phenotype previously
associated with a group of immature-transitional B cells
[32-34]. To allow further characterization and functional anal-
ysis, we examined the phenotype of IL-10-expressing B cells
in tumor-infiltrating lymphocytes. We found that these B cells
had lower CD19 and CD20 expression and higher CD27 ex-
pression than non-IL-10-expressing B cells, and were IgD-
negative and IgM-negative. Unlike Breg cells in other studies,
we did not find that these B cells were particularly high in
CD24 and CD38 (Fig. 3a) [29, 30]. These features resembled
antibody-producing plasmablasts. Overall, compared to IL-
10 B cells, the phenotype of IL-10" B cells in tumor is char-
acterized by low CD19, CD20, CD38, IgD and IgM and high
CD21 and CD27 (Fig. 3b), which resembled most closely to
plasmablasts in surface marker expression.

Antibody production by tumor-infiltrating B cells

Although IL-10 is primarily an immunosuppressive cytokine,
in human B cells, IL-10 also promotes plasma cell differenti-
ation [31, 32]. Secreted IgG and IgA were detected in the
supernatant of tumor-infiltrating B cells without stimulation,
and were present in higher concentration than that in the su-
pernatant of autologous blood B cells (Fig. 4a). The relative
concentration of IgA as a fraction of total adaptive antibodies

(IgG+1gA), in particular, was significantly increased in tumor
compared to blood (Fig. 4b), demonstrating a shift in secreted
antibody isotype composition in tumor compared to peripher-
al blood.

Immunosuppressive function of tumor IL-10-producing B
cells

Next, we wondered whether these IL-10-producing B cells
had an immunosuppressive function. Tumor-infiltrating cells
were stimulated by anti-CD3/CD28. We found that the fre-
quency of IL-10" cells in tumor-infiltrating B cells is inversely
correlated with the frequency of IFN-gamma- and TNF-alpha-
producing tumor-infiltrating T cells, and proliferated T cells
(CFSE™) after TCR stimulation (Fig. 5a). Interestingly, the T
cell exhaustion marker Tim-3 is upregulated in patients with
high frequencies of IL-10" tumor-infiltrating B cells
(Fig. 5b, c). This may reflect the possibility that some
patients have a more anti-inflammatory intratumoral en-
vironment, resulting in higher IL-10-producing cells to-
gether with lower tumor T cell inflammation or that
tumor B cells could directly suppress de novo T cell
inflammation. To examine the latter possibility, and giv-
en that higher IL-10 production was observed in tumor
B cells compared to blood B cells (Fig. 2), we obtained
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Fig. 3 1L-10-expressing B cells
most closely resembled
differentiating plasmablasts.
Tumor-infiltrating cells were
cultured with GolgiStop/
GolgiPlug for 12 h, stained with
surface antibodies, and then
stained intra-cellularly with anti-
IL-10 antibody. a Representative
surface marker expression of IL-
10" B cells (black line) in com-

CD19 CD20

jLi/L/LJ\MfU%
A A

(A) Tumor-infiltrating IL-10+ B cell phenotype

gD CD27 CD10 CD24 CD38

parison with IL-10" B cells (gray
line and fill). Shown are gated on
CD3°CDI9" B cells. b: Collec-
tion of surface phenotype in IL-
10" B cells compared to

IL-10" B cells. N=5. Mean
fluorescence intensity (MFI) was
shown

(B) Phenotype collection

1000+

= =]

=

= =

o
= ===
500 =
IL-10- IL-10+
cD10 cD19

culture supernatant from purified peripheral blood B
cells and that from tumor-infiltrating B cells. We then
cultured autologous peripheral blood T cells with super-
natant from the blood B cell culture or with supernatant
from the tumor B cell culture. T cells cultured with
tumor-infiltrating B cell supernatant had significantly re-
duced IFN-gamma production and T cell proliferation,
compared to those cultured with blood B cell superna-
tant (Fig. 5d), demonstrating that soluble factors, from
tumor-infiltrating B cell culture, possessed immunosup-
pressive function (see “Discussion”).
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Correlation with disease

T cell-mediated inflammation is thought to mediate anti-tumor
immunity and can be utilized for potential cancer immuno-
therapies. Since the frequencies of IL-10-producing tumor-
infiltrating B cells were inversely correlated with T cell pro-
inflammatory cytokine production and proliferation, we then
examined whether IL-10 production by B cells is associated
with disease severity. We found that the frequency of IL-10-
producing B cells was positively correlated with resected tu-
mor size (Fig. 6a). Moreover, stage III+stage [V tumors
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Fig.4 Tumor-infiltrating B cells secreted higher levels of antibodies than
circulating B cells ex vivo. Purified B cells from blood or tumor were
cultured ex vivo for 72 h, at 5 x 10* cells per 100 ul of media. IgG and
IgA in the supernatant was measured by ELISA and then analyzed by
paired 7 test. For control over potential contamination from antibodies in
the serum, IgG and IgG ELISAs were also performed on autologous pure
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T cell cultures to be measured as the background level, which was already
subtracted away in the presented data. a Antibody secretion in circulating
B cells compared to tumor-infiltrating B cells. b Relative concentration of
IgA, calculated as the concentration of IgA divided by the sum of the
concentrations of IgG and IgA in each subject
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Fig. 5 Increased frequencies of IL-10" B cells in tumor-infiltrating cells
were associated with suppressed pro-inflammatory cytokine expression
by T cells and reduced T cell proliferation. a Correlations between the
frequencies of TFN-gamma, TNF-alpha®, or CFSE'" tumor-infiltrating T
cells and the frequencies of IL-10" tumor-infiltrating B cells in each
individual. Tumor-infiltrating cells were first stained CFSE and then
cultured with anti-CD3/CD28 antibodies in normal culture media for
5 days. 12 h prior to end of culturing, GolgiStop/GolgiPlug was added
to cells for cytokine retention. Cells were then stained by surface and
intracellular antibodies, and processed by flow cytometry. Data were
analyzed by Pearson’s Correlation. b Representative staining of Tim-3

on tumor-infiltrating T cells. ¢ Correlation between the frequencies of
Tim-3" tumor-infiltrating T cells and the frequencies of TL-10" tumor-
infiltrating B cells in each individual. Data were analyzed by Pearson’s
Correlation. d The frequencies of IFN-gamma®, TNF-alpha’, or CFSE'"
T cells when purified peripheral blood T cells were stimulated by anti-
CD3/CD28 and cultured in supernatant obtained from purified blood B
cells, or from purified tumor-infiltrating B cells. Normalized data were
shown to account for individual differences and were analyzed by paired ¢
test. 10° purified blood B cells or tumor B cells from each patient were
cultured for 6 days in 1 ml of media. The supernatant were then collected
and used for T cell cultures
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Fig. 6 Frequencies of IL-10" (A) (B) -
cells in tumor-infiltrating B cells 15+
were correlated with disease %
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contained significantly higher frequencies of IL-10-producing
B cells than stage [+ stage II tumors (Fig. 6b). This difference
was not due to sex differences between the stage I and stage 11
group and the stage 1l +stage IV group, since no significant
differences in the frequencies of tumor-infiltrating IL-10-
producing B cells were observed between male patients and
female patients (Fig. 6c).

Discussion

In this study, we started by focusing on IL-10-producing cells
in tumor-infiltrating lymphocytes, given that tumor-
infiltrating lymphocyte responses had been associated with
prognostic values and therapeutic values in various cancers
[33]. Since IL-10 is one of the immunosuppressive cytokines
that were induced in renal cell carcinoma and was found to
contribute to continued tumor persistence [13, 34, 35], we first
examined the IL-10 production by tumor-infiltrating lympho-
cytes. Both CD3" T cells and CD19" B cells were found to
secrete IL-10, but interestingly, although T cells in general
secreted higher levels of IL-10, both in peripheral blood and
in tumors, IL-10 production by B cells was relatively in-
creased in tumors, both in terms of the frequencies of IL-10"
cells by flow cytometry ex vivo and the concentration of se-
creted by ELISA in vitro. Surface marker examination
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suggested that these IL-10" B cells possessed a plasmablast-
like phenotype, and were negative for IgD and IgM.
Moreover, tumor-infiltrating B cell cultures contained higher
secreted IgG and IgA antibodies than autologous blood B cell
cultures, suggesting higher plasmablast activity in tumor B
cells. Negative correlations between the frequencies of IL-
10" cells in tumor-infiltrating B cells and the level of tumor-
infiltrating T cell inflammation, in terms of IFN-gamma and
TNF-alpha secretion and proliferation, were found. On the
other hand, Tim-3 expression was upregulated in patients with
higher frequencies of IL-10-producing tumor-infiltrating B
cells. Moreover, supernatant from tumor-infiltrating B cell
suppressed autologous blood T cell inflammation, demonstrat-
ing the existence of immunosuppressive activity in tumor-
infiltrating B cell culture.

Overall, our experiments characterized a group of
plasmablast-like B cells in renal cell carcinoma and demon-
strated a potential in vivo immunosuppressive activity of these
B cells. In a previous study, depletion of normal peripheral
blood B cells with rituximab in metastatic renal cell carcinoma
patients, in conjunction with IL-2 therapy, did not change IL-
2-induced expansion of IFN-gamma-producing T cells in vitro
[36]. This study by Aklilu et al., however, has a number of
differences from our study. First, our population had low
CD19 and CD20 expression, which may not be depleted by
their anti-CD20 rituximab treatment. Second, the depletion of
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normal B cells in their study was confirmed in peripheral
blood while the number of tumor-infiltrating plasmablast-like
cells was unknown in these patients. Indeed, normal levels of
circulating Ig after rituximab treatment was maintained over
the course of their study (18 weeks), suggesting a preservation
of plasma cells and/or plasmablasts. And third, the T cell stim-
ulant was PMA +ionomycin in their study and anti-CD3/
CD28 in ours, which signals through the TCR complex and
may better represent physiological conditions.

Based on the evidence presented in this study, it is
difficult to tell at this moment whether these
plasmablast-like IL-10-producing cells were the same
as canonical plasmablasts or represented a special subset
of plasmablasts. During the preparation of this manu-
script, Matsumoto et al. reported that murine
CD138"CD44" plasmablasts predominantly expressed
IL-10 after experimental autoimmune encephalomyelitis
(EAE) activation, and was shown to inhibit dendritic
cell function to generate autoimmune T cells [37].
Here, we showed that the tumor-infiltrating B cell cul-
ture as a whole had IgG and IgA secretion ex vivo not
requiring stimulation, suggesting that tumor B cells
contained antibody-secreting plasmablasts. Interestingly,
a relative increase in secreted IgA was observed in tu-
mor B cell culture compared to that in blood. Whether
these cells might contribute to IgA nephropathy in con-
junction with renal cell carcinoma would require further
examinations [22, 24, 38].

We also observed an association between higher fre-
quencies of IL-10" cells in tumor-infiltrating B cells and
larger tumor size and disease stage. While it is likely
that IL-10" B cells could promote cancer development
and/or inhibit anti-tumor immunity in vivo, we cannot
rule out the possibility that larger tumors physically
allowed more infiltrating IL-10" B cells to enter and
stay than smaller tumors, and later stage patients had
larger tumor sizes in our study cohort (Table 1). One
way to examine this possibility is to monitor tumor
growth over time and associate IL-10-producing tumor-
infiltrating cells with the rate of tumor progression.
While this is clinically unfeasible and ethically not per-
missible, animal models may be employed in future
studies.
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