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Abstract
Background/Aims: Despite strong association between obesity and the pathogenesis of type 
2 diabetes (T2D), only a subset of obese individuals eventually develops T2D. We sought to 
determine the immunological factors behind this heterogeneity. Methods: Peripheral blood 
of obese non-diabetic subjects and obese diabetic subjects were collected and the B cell 
responses in these subjects were analyzed. Results: We found that the B cells from obese 
diabetic subjects had similar B cell subtype composition and secreted similar levels of low-grade 
pro-inflammatory cytokines to obese non-diabetic subjects, characteristic to the background 
chronic immune activation frequently observed in obese subjects. When examining adaptive 
B cell antibody responses, however, obese diabetic subjects presented much higher levels 
of polyclonal activation and antibody secretion, with impaired ability to response to new 
antigens such as seasonal influenza vaccination. Conclusions: These data demonstrated that 
in obese diabetic subjects, B cell adaptive response is impaired and potentially contribute to 
overall higher inflammation.

Introduction

Type 2 diabetes (T2D) is an increasingly prevalent chronic metabolic disorder 
characterized by hyperglycemia in the context of insulin resistance, affecting close to 300 
million people worldwide, and is associated with a series of complications [1, 2]. The current 
paradigm explains that a series of conditions caused by overnutrition and obesity, including 
increased oxidative stress, amyloid deposition in pancreas and ectopic lipid deposition in 
muscle, pancreas and liver, is the leading cause for insulin resistance and inlet beta-cell 
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dysfunction in T2D [2]. However, despite overwhelmingly strong association of obesity and 
diabetes in people of European or African descents, in the East Asian population, obesity and 
diabetes are only moderately associated, with only about 30% of diabetic cases being obese 
and only about one-third of obese insulin-resistant individuals eventually develop T2D 
[3]. Genetic and epigenetic factors, as well as immunological correlates, such as previous 
infection history, diet and intestinal microbe composition, were thought to explain this 
heterogeneity [2, 4].

Recently, the role of immune system in T2D has been increasingly studied [5]. A host of 
T2D risk factors, such as smoking, high fat and high carbohydrate diet, high blood pressure, 
and obesity, were found to establish a more pro-inflammatory immune environment in the 
individual. Higher concentrations of pro-inflammatory cytokines, including TNF-a, IL-6, IL-
1b, CCL2, as well as increased kinase activation, were found in the adipose tissues of obese 
individuals [6-8]. In addition, studies have shown that B cells in T2D were found to regulate 
inflammation through producing pro-inflammatory cytokines such as IL-6 and TNF-a and 
promote pro-inflammatory T cell functions [9, 10]. Whether differences in B cell responses 
contribute to diabetes pathogenesis in obesity is unclear.

In this study, we attempted to elucidate the role of B cells in pathogenesis of diabetes in 
obese individuals. We compared and contrasted the B cell function in lean healthy subjects 
(healthy), obese subjects with no sign of diabetes (obese), and obese subjects diagnosed with 
T2D (obese diabetic). We found that in both obese groups, the B cells exhibited a more pro-
inflammatory phenotype, which included increase of activated plasmablasts and antibodies 
of IgM and IgG subtypes, than those in lean subjects. Marked differences in antibody 
responses were found between obese subjects and obese diabetic subjects. Obese diabetic 
subjects contained higher frequencies of antibody-secreting cells than healthy subjects, but 
the number of exogenous antigen-specific antibody-secreting cell was not increased, which is 
often observed in polyclonal B cell activation. Furthermore, impaired de novo B cell response 
toward novel antigen stimulation were observed in obese diabetic but not obese subjects. 
Together, these data demonstrated that B cell response from obese diabetic subjects were 
defective compared to obese subjects, a feature not previously observed.

Materials and Methods

Study subjects
A total of 15 obese diabetic subjects and 15 obese non-diabetic subjects were recruited at Changhai 

Hospital. Patients were classified under our strict study criteria. Only subjects with fasting glucose 
concentration ≥ 7.0 mmoL/L were considered as diabetic. All obese subjects suffer from class I obesity (30 
kg/m2 < BMI < 35 kg/m2). Individuals with other complications that might affect their immune system, such 
as those with chronic history of smoking, concurrent other infections, and presence of other chronic diseases, 
were excluded from the study. Fifteen lean healthy individuals were recruited from staff in the hospital (18 
kg/m2 < BMI < 23 kg/m2). All study subjects are between the ages of 45 to 58. No significant differences in age 
and sex between study groups were found. Some of the obese and obese diabetic subjects received 2012 – 
2013 unadjuvated seasonal influenza vaccine containing hemagglutinin antigens from A/California/7/2009 
(H1N1)pdm09-like virus, A/Victoria/361/2011 (H3N2)-like virus and B/Wisconsin/1/2010-like virus and 
followed up for 8 weeks. All participants signed informed consent forms upon enrolment and experiments 
were performed in accordance with the Declaration of Helsinki. This study was approved by Changhai 
Hospital ethics committee.

Sample preparation and cell culture
Peripheral blood (50 – 100 mL) was collected into heparinized tubes by venous puncture. PBMCs were 

isolated from leukopheresis samples with standard Ficoll-Hypaque procedure and frozen immediately at 
-80˚C for 1 d and transferred to -150˚C until use. Culture medium was made with RPMI1640 supplemented 
with 10% fetal cow serum, 100U penicillin and 0.1 mg/mL streptomycin, and 2mM L-glutamine. In some 
experiments, stimulating agents, including anti-human CD40 antibody (eBioscience), anti-human CD19 
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(BCR) (BioLegend, San Diego, CA), E. coli LPS 055:B5 (Sigma, St. Louis, MO), and/or CpG-B (sequence TCG 
TCG TTT TGT CGT TTT GTC GTT) at were added accordingly.

Flow cytometry
Monoclonal antibodies specific to CD3, CD19, CD20, CD21, CD27, CD40 (ebioscience, San Diego, CA) 

were used with concentrations specified by the manufacturer. Cells were thawed and cultured overnight 
in medium, then stained with surface antibodies and Violet Dead Cell Stain (Invitrogen) according to 
procedures provided by the manufacturer. Results were analyzed using FlowJo software (Tree Star, Ashland, 
OR)

Cell isolation
B cells were isolated using Human B cell Negative Selection Kit (Stemcell, Vancouver, Canada) according 

to manufacturer’s protocol.

ELISA assay
Purified B cells were cultured in medium or with 0.5 µg/mL anti-human CD40 and 0.5 µg/mL anti-

human CD19 antibodies for 72 h, after which culture supernatant were collected. The concentrations 
of IL-6 (standard curve range: 2 - 200 pg/mL), IL-10 (standard curve range: 2 - 300 pg/mL) and TNF-a 
(standard curve range: 4 - 500 pg/mL) were determined in culture supernatants using commercial ELISA 
kits (eBioscience, San Diego, CA), according to the manufacturer’s protocols. The concentrations of tetanus 
toxin-specific IgM, IgG and IgA antibodies in the serum were measured by Serion ELISA classic tetanus kits 
(Virion\Serion, Würzburg, Germany).

ELISPOT assay
PBMCs were cultured in medium with 1 µg/mL LPS and 2.5 µg/mL CpG at 37˚C 5% CO2 for 3 d. For 

the preparation of ELISPOT plates, 96-well PVDF plates (Pall Life Sciences, Port Washington, NY) were first 
primed with 50µL/mL ethanol, quickly washed with PBS, then coated with 5 µg/mL of goat anti-human 
kappa (Rockland, Limerick, PA) and goat anti-human lambda (Rockland), 5 µg/mL deactivated tetanus toxin, 
or 5 µg/mL of each hemagglutinin from 2012-2013 seasonal flu vaccine overnight. Plates were then washed 
with PBS and blocked with culture medium for 2 h to eliminate nonspecific binding. Cells were then plated 
at 200,000 cells per well for 12 h, after which the plates were washed. Bound antibodies were detected 
with alkaline phosphate (AP)-conjugated anti-human IgM, AP-conjugated anti-human IgG, or horseshoe 
radish peroxidase (HRP)-conjugated anti-human IgA (KPL, Gaithersburg, MD). Spots were developed using 
3-amino-9-ethylcarbazole substrate kit or Vector Blue substrate kit (Vector Labs, Burlington, Canada) 
according to manufacturer’s protocols.

Statistical analysis
Kruskal-Wallis one-way analysis of variance (ANOVA) was used for comparisons between multiple 

groups and then Dunn’s test was used for pair-wise comparisons. Student’s t test was used for comparison 
between two groups. Wilcoxon matched-pairs test was used for comparison of paired data from the same 
individual. All statistical analyses were done using Prism (GraphPad Software, San Diego, CA). P < 0.05 was 
considered significant.

Results

B cells from obese subjects and obese diabetic subjects exhibited more activated phenotype 
than healthy subjects
When encountering a specific antigen, naïve B cell and resting memory B cells can be 

activated and differentiate into antibody-producing plasmablasts, which are larger in size, 
more granular, and present CD19loCD27hi surface expression [11]. Thus, the presence of 
CD19loCD27hi plasmablasts in circulation is frequently used as a marker for B cell activation 
during an inflammation [12]. We first sought to determine the B cell activation levels of obese 
and obese diabetic subjects, and how they compare to lean healthy subjects. Peripheral blood 
mononuclear cells (PBMCs) were collected from study groups and B cell surface marker 
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expression were analyzed with flow cytometry. As shown in Fig. 1A, B cells from obese and 
obese diabetic subjects tended to be higher in side scatter and more granular than those from 
healthy subjects. Obese subjects and obese diabetic subjects also contained higher percentage 
of B cells in the lymphocyte compartment (Fig. 1B). When examining B cell surface marker 
expression, shown in Fig. 1C and 1D, healthy subjects contained mostly CD19+CD27- naïve 
B cells, CD19+CD27+ memory B cells, with very little CD19loCD27hi plasmablasts, while both 
obese subjects and obese diabetic subjects had lower percentages of CD19+CD27- naïve B 
cells and CD19+CD27+ memory B cells and higher percentages of CD19loCD27hi plasmablasts. 
The absolute numbers of CD19+CD27- naïve B cells and CD19+CD27+ memory B cells were not 
significantly different between the three groups, but the absolute numbers of CD19loCD27hi 
plasmablasts were significantly higher in obese and obese diabetic subjects (Fig. 1E). No 
significant differences were seen between obese non-diabetic and obese diabetic groups. 
Together, these data demonstrated that obesity in general induced higher levels of B cell 
activation with higher frequencies of plasmablasts.

B cells from obese subjects and obese diabetic subjects showed higher production of 
proinflammatory cytokines
Previously, B cells in T2D were found to exhibit a more inflammatory cytokine expression 

profile and promote T cell inflammation, thus potentially involved in T2D pathogenesis 
[9]. We next sought to determine whether the B cell cytokine expression is differentially 
regulated between obese diabetic subjects and obese non-diabetic subjects. Pure B cells 
were isolated from PBMCs through negative selection, with greater than 95% purity (Fig. 
2A), and then cultured in medium for 72 h. Supernatant was then taken and enzyme-linked 
immunosorbent assay (ELISA) was performed. IL-6 is a pleiotropic cytokine secreted by B 
cells, is involved in pro-inflammatory responses and metabolic processes, and is implicated 
in T2D pathogenesis [9, 13]. TNF-a is another cytokine that can be produced by effector B 
cells and has multiple functions in inducing inflammation [14]. As shown in Fig. 2B, both 
obese and obese diabetic subjects had higher IL-6 secretion from B cells than healthy 
subjects, either when cultured in medium directly ex vivo, or when cultured with anti-CD40 
and anti-B cell receptor (BCR) antibodies to simulate BCR signaling. In terms of TNF-a, both 
obese subjects and obese diabetic subjects had higher TNF-a secretion than healthy subjects 
when cultured in medium ex vivo, while under CD40/BCR stimulation, B cells from all three 
groups presented high concentrations of TNF-a.

Regulatory B cells are important immune response regulators in suppressing excessive 
T cell-mediated inflammation in autoimmune diseases and chronic infections [15]. IL-10 is 
pivotal in regulatory B cell function. We analyzed the IL-10 production by B cells, and found 
that B cells from obese subjects secreted more IL-10 than those from healthy subjects ex vivo 
(Fig. 2C). On the other hand, although obese diabetic subjects have a trend to secrete more 
IL-10 ex vivo, the result was not statistically significant. When stimulated with anti-CD40 and 
anti-BCR antibodies, B cells from obese subjects secreted comparable levels of IL-10 with 
healthy subjects, while the IL-10 secretion from B cells purified from obese diabetic subjects 
was significantly lowered. This suggests that B cells in obese diabetic subjects may have 
impaired ability to secrete IL-10, even under CD40/BCR-stimulated conditions.

Together, these data suggest that although B cells from both obese non-diabetic and 
obese diabetic subjects in general present a more pro-inflammatory cytokine secretion 
profile than those from lean healthy subjects, with a potential IL-10 production defect in B 
cells from obese diabetic subjects.

Antibody response in obese and obese diabetic subjects was less antigen-specific
Since both obese groups contained higher frequency of plasmablasts in PBMCs, we 

decided to measure the antibody secretion from these study groups. B cells were co-cultured 
with LPS and CpG for 3 d to stimulate antibody production, after which the total IgM, IgG 
and IgA production and antigen-specific antibody production were measured by enzyme-
linked immunospot assay (ELISPOT). Anti-Ig lambda and anti-Ig kappa antibodies were used 
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to coat the ELISPOT plate to capture total antibody secreting cells (ASCs), while since all 
our subjects were previously vaccinated against tetanus toxin, tetanus toxin were used as 
a model for exogenous antigen. The number of spots on the plate represents the number 

Fig. 1. B cell composition and surface marker expression in healthy, obese, and obese diabetic subjects. (A) 
Identification of B cells from healthy, obese, and obese diabetic subjects. Frozen PBMCs from study subjects 
were thawed and stained with surface marker antibodies. The gating of B cells of a representative from 
each of the three study groups was shown. (B) The percentage of B cells in total lymphocytes in all three 
study groups. (C) B cell composition of a representative from each of the three study groups. The gatings of 
CD19+CD27- naïve B cells (left), CD19+CD27+ memory B cells (middle) and CD19loCD27hi plasmablasts (lower 
right) were shown. (D) The frequencies of B cell subsets in all three groups. (E) The absolute numbers of B 
cell subsets in all three groups *: P < 0.05. **: P < 0.01. ***: P < 0.001. ns: not significant (Kruskal-Wallis one-
way ANOVA and Dunn’s test). Line and error bars represent mean ± s.e.m.



Cell Physiol Biochem 2016;38:1257-1266
DOI: 10.1159/000443073
Published online: March 17, 2016 1262
Zhai et al.: B Cell Activation and Diabetes

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

© 2016 The Author(s). Published by S. Karger AG, Basel
www.karger.com/cpb

of ASCs. As shown in Fig. 3A, obese diabetic subjects contained more total IgM and total 
IgG ASCs than those from healthy subjects, while obese subjects tended to contain higher 
concentrations of total IgM ASCs but the trend was not statistically significant. No significant 
differences in total IgA production were found between study groups.

Although total IgM and IgG secretion was higher in obese diabetic subjects, this trend 
was not observed when the tetanus toxin-specific antibodies were measured. As shown in 
Fig. 3B, no differences between study groups were found in terms of tetanus toxin-specific 
IgM, IgG, or IgA ASCs. These data suggest that although obese diabetic subjects secreted 
higher levels of antibodies, tetanus toxin-specific antibody concentrations were not 
increased proportionally. The specificities of excess ASCs were unknown. Percentage-wise, 
tetanus toxin-specific antibody-secreting cells were less represented in the total antibody-
secreting cells (Fig. 3C). We also examined the tetanus toxin-specific antibody concentration 
in the serum, and discovered that the obese diabetic group had significantly lower level of 
tetanus toxin-specific IgG (Fig. 3D). Despite this, all subjects had tetanus toxin-specific IgG 
concentration > 1.0 IU/mL, the accepted threshold of immune protection [16].

Obese diabetic subjects had reduced ability to produce de novo antibody responses
Due to the lowered percentage of antigen-specific antibody secreting cells in obese 

diabetic subjects, we decided to examine whether this group had impaired ability to induce 

Fig. 2. B cell cytokine secretion from healthy, obese, and obese diabetic subjects. B cells were isolated from 
thawed PBMCs by negative selection using magnetic beads, then cultured in medium without or with an-
ti-CD40 and anti-BCR antibodies for 72h, after which the supernatant was collected and cytokine concentra-
tions were determined with ELISA. Data were obtained from 8 subjects in each group, in triplicate wells. (A) 
Efficacy of B cell purification in one representative subject. (B) IL-6 and TNF-a secretion of all three study 
groups. (C) IL-10 secretion of all three study groups. *: P < 0.05. **: P < 0.01. ns: not significant (Kruskal-Wal-
lis one-way ANOVA and Dunn’s test). Error bar represents s.e.m.
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de novo antibody response toward new exogenous antigens. 6 subjects from each study 
group received 2012-2013 seasonal influenza vaccine at Week 0. The background flu-specific 
antibody response at Week 0 and the de novo flu-specific antibody response at week 8 from 
these subjects were measured by ELISPOT. Although the total amount of flu-specific antibody 

Fig. 3. Total and 
antigen-specific 
antibody secre-
ting cells from he-
althy, obese and 
obese diabetic 
subjects. PBMCs 
were cultured in 
medium for 3d in 
the presence of 
CpG and LPS to 
stimulate B cells 
toward antibo-
dy-secreting cells. 
ELISPOT plates 
were coated with 
either anti-lamb-
da and anti-kap-
pa antibodies, 
or with tetanus 
toxin. The stimu-
lated cells were 
then placed in the 
plate for 12h be-
fore being washed 
off. The bound 
antibodies were 
then detected by 
HRP- or AP-con-
jugated anti-hu-
man IgM, IgG or 
IgA and HRP or 
AP substrates. 
Number of anti-
body-secret ing 
cells (ASCs) was 
counted as the 
number of spots 
on the plate. (A) 
Total IgM-, IgG- 
and IgA-secreting 
cells in all three 
study groups. (B) 
Tetanus toxin-specific IgM-, IgG- and IgA-secreting cells in all three study groups. (C) The percentage of 
tetanus toxin-specific antibody-secreting cells in all subjects, obtained by the number of tetanus toxin-spe-
cific cells divided by the total number. (D) Serum tetanus toxin (TT)-specific antibody concentration in all 
three study groups. *: P < 0.05. ns: not significant (Kruskal-Wallis one-way ANOVA and Dunn’s test). Error 
bar represents s.e.m.
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production between obese subjects and obese diabetic subjects were comparable in both 
week 0 and week 8 (Fig. 4A), interesting response patterns were found when we examined 
the response patient by patient. We paired each subject’s own background (Week 0) and 
Week 8 flu-specific antibody production, and examined whether the subject responded 
to the vaccination. As shown in Fig. 4B, obese subjects had successfully mounted anti-flu 
response such that the Week 8 flu-specific IgM and IgG production is significantly higher 
than background response at Week 0. In obese diabetic subjects, however, no significant 
differences between Week 8 and Week 0 were observed. Together, these data suggested that 
although obese diabetic subjects appeared to have similar levels of B cell inflammation with 
obese subjects, the B cells from obese diabetic subjects failed to respond to novel antigens. A 
higher dose may be required for successful vaccination in this group.

Fig. 4. De novo antibody response to flu vaccination of obese and obese diabetic subjects. Prior to per-
forming ELISPOT, 6 subjects from each group were vaccinated at Week 0. Peripheral blood samples were 
collected at Week 0 and Week 8. ELISPOT plates were coated with either anti-lambda and anti-kappa anti-
bodies, or with the hemagglutinin antigens contained in the vaccine. (A) The percentage of flu-specific IgM-, 
IgG- or IgA-secreting cells from each group at Week 0 and Week 8, calculated by the number of flu-specific 
spots divided by the total number. ns: not significant (Student’s t test). (B) The percentage of flu-specific 
IgM-, IgG- or IgA-secreting cells from each individual at Week 0 and Week 8. Filled circles: obese subjects. 
Open squares: obese diabetic subjects. *: P < 0.05. ns: not significant. (Wilcoxon matched-pairs test).
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Discussion

In this study, we demonstrated several differences between the B cell responses in 
obese subjects with no sign of diabetes (obese) and obese subjects with diabetes. First, 
although B cells from both groups secreted more pro-inflammatory IL-6 and TNF-a, only 
B cells from obese diabetic subjects had defect in upregulating regulatory cytokine IL-10, 
a pivotal cytokine in mediating immune suppression by regulatory B cells [15, 17]. Second, 
although B cells form both groups were composed of more activated subsets, with lower 
frequencies of CD19+CD27- naïve B cells and CD19+CD27+ memory B cells, and higher 
frequencies of CD19loCD27hi plasmablasts, B cells from obese diabetic subjects contained 
higher concentrations of total IgM and IgG without proportional increase of exogenous 
antigen-specific antibody production. Furthermore, B cells from obese diabetic subjects 
had impaired response to novel antigen stimulation through flu vaccination, while obese 
subjects responded to flu vaccination normally. These data showed that although B cells from 
obese diabetic subjects appeared to have higher activation levels, the antibody response was 
actually impaired.

B cell-mediated immune response and regulation are important participants in 
immune response. Antigen-specific antibody production from activated B cells, plasmablasts 
and plasma cells provide the first line of defense against exogenous pathogens in exposed 
surfaces, by binding and neutralizing pathogens, facilitate phagocytosis for destruction and 
antigen-presentation. On the other hand, self-reactive antibody production is involved in 
destruction of self tissues and initiation of autoimmune diseases [18, 19]. Thus, regulating 
B cell responses during inflammation is critically important. Ideally, antigen-specific B cells 
are activated when encountering a foreign antigen, then receive helper signals from follicular 
helper T cells (Tfh) and undergo further proliferation and differentiation to become either 
specialized antibody-secreting plasmablasts or memory B cells that specialize in rapid 
response in second encounter [20]. In several chronic inflammatory diseases, however, 
polyclonal B cell activation was observed through a mechanism called bystander effect (i.e., 
the excess pro-inflammatory signals activate irrelevant B cell clones), and feeds back to 
excessive inflammation through effector B cell functions [21, 22]. How polyclonal activation 
of B cells and its subsequent regulatory roles impact the pathogenesis of T2D is currently 
unknown. Presumably, the higher activation level of B cells of unknown specificity may in 
turn induce higher inflammation within the patient in a positive feedback loop.

Previously, Frasca et al. showed an enhancement of anti-vaccine IgG concentration in 
elderly diabetic individuals compared to elderly healthy individuals [23], whereas our study 
showed no significant increase in the frequencies of flu-specific B cells in obese diabetic 
individuals after vaccination. A couple of differences might have accounted for this discrepancy. 
First, the study by Frasca et al. used the 2011-2012 vaccine strains, which were the same as 
the 2010-2011 vaccine strains and potentially had the problem of crossreactivity by B cells 
from the year before. We used the 2012-2013 vaccine strains, which were different from the 
2011-2012 strains. And second, the demography of our study subjects was different, with no 
Asian diabetic individuals, while all our subjects were Chinese. This might also accounted for 
the discrepancies between this and a previous study by Jagannathan et al. [10], in which the 
authors have found a reduction of TNF-α and IL-10 secretion by unstimulated B cells from 
diabetic patients.

Together, data presented here showed that albeit higher activation level, in obese 
subjects with no diabetes, B cell response could still function normally, while in obese diabetic 
subjects, several B cell defects, including lower IL-10 production and ineffective antibody 
response, were observed. Currently, it is unclear if this phenomenon resulted from diabetes 
development, or contributed to diabetes pathogenesis in obesity. Since interaction with Tfh 
is critical to mediating the selection of antigen-specific B cells though survival, proliferation 
and differentiation, future studies may focus on the role of Tfh cells in obesity and further 
elucidate the precise mechanism in T2D development.
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