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Large adipocytes function as antigen-presenting cells to
activate CD4+ T cells via upregulating MHCII in obesity
L Xiao1,3, X Yang2,3, Y Lin2, S Li1, J Jiang1, S Qian1, Q Tang1, R He2 and X Li1

BACKGROUND/OBJECTIVES: Although obesity is associated with low-grade inflammation and metabolic disorders, clinical studies
suggested some obese people were metabolically healthy with smaller adipocyte size compared with metabolically abnormal obese
(MAO). This indicated adipocyte size may be an important predictor underlay the distinction between MAO and metabolically healthy
obese. As recent study has shown that adipocytes expressed class II major histocompatibility complex (MHCII), which functioned as
APCs during obesity. However, the relationship between adipocyte hypertrophy and MHCII expression was not involved. Here we
hypothesize that hypertrophic adipocytes could be associated with upregulating MHCII to influence adipose tissue metabolism.
METHODS: Adipocytes were sorted by fluorescence-activated cell sorting (FACS) according to the cell size from MAO mice.
The activation of MHCII, T cells and related signaling molecules were examined by FACS, ELISA and western blotting. 3T3-L1 cell line
and primary adipocytes were used to examine the effect of free fatty acids (FFA) on adipocytes enlargement and MHCII expression.
RESULTS: MAO mice had a significant increase in adipocytes size and FFA concentration. The large adipocytes from both obese and
non-obese mice expressed higher levels of MHCII than small adipocytes. Importantly, large adipocytes from obese mice stimulated
CD4+ T cells to secrete more interferon (IFN)-γ. Furthermore, the activation of the JNK-STAT1 pathway was involved in upregulation
of MHCII in large adipocytes. In vitro FFA treatment promoted adipocyte hypertrophy and expression of MHCII-associated genes.
CONCLUSIONS: This study demonstrates that large adipocytes highly express MHCII and function as APC to stimulate IFN-γ-
expressing CD4+ T cells, in which FFA may have important roles before IFN-γ elevated. These findings suggest that adipocyte
hypertrophy, rather than overall obesity, is the major contributor to adipose tissue inflammation and insulin resistance.
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INTRODUCTION
The prevalence of obesity has become a worldwide public health
problem as it increases the risk of developing metabolic disorders
such as type 2 diabetes (T2D) and cardiovascular disease.1,2 Insulin
resistance and elevated intrahepatic triglyceride content are the core
features of these disorders.3,4 However, more studies have demon-
strated that obesity did not always translate into increased risk for
these comorbidities.4–6 Approximately 30% of obese individuals were
insulin sensitive similar to healthy lean individuals despite having a
higher level of body fat.5 These individuals are often referred as
metabolically healthy obese, whereas obese individuals with
metabolic disorders are referred as metabolically abnormal obese.
Increased adipose tissue mass is a characteristic feature of

obesity and is caused by an increase in the number (hyperplasia)
and/or size (hypertrophy) of its constituent adipocytes.7,8 According
to cross-sectional studies, metabolically healthy obese individuals
had smaller-sized adipocytes than metabolically abnormal obese
patients, suggesting that adipocytes hypertrophy was associated
with the development of metabolic disorders.5,6 Besides, it has
been proposed that enlarged subcutaneous abdominal adipo-
cytes size, but not obesity itself, was a significant predictor for the
future development of T2D.9 Furthermore, cumulative studies
indicated that enlarged adipocytes expressed high levels of
pro-inflammatory factors and low levels of anti-inflammatory

factors.10–12 The increased secretion of pro-inflammatory factors
is a main contributor to the initiation of chronic low-grade
inflammation in adipose tissue with obesity. However, other
studies have demonstrated the infiltration of immune cells, which
secreted pro-inflammatory factors, also played an important role
in the inflammation process. With the discovery of infiltrated
macrophages, which increased from 10% to more than 50% of
total cells within adipose tissue during the progression of obesity,
more researchers paid great attention to immune cells (such as
dendritic cells (DCs), macrophages, T cells, eosinophils and B cells)
in adipose tissue.13 Recent studies have demonstrated that T cells
also increased in adipose tissue during a high-fat diet (HFD)
challenge and interacted with both adipocytes and macrophages
to modulate adipose metabolism.14–16 Among various T-cell
subsets, polarization of pro-inflammatory type 1 helper T-cell
(Th1) cells promoted obesity-induced inflammation by presenting
antigens via class II major histocompatibility complex (MHCII) on
antigen-presenting cell (APC) and secreting cytokines such as
interferon (IFN)-γ.16–19 With the discovery of increased expression
of MHCII in obese compared with that in lean adipose tissues,20 a
recent study showed that the MHCII-restricted signals from
macrophages played a central role in regulating maturation of
CD4+ T cells and obesity-induced inflammation in visceral fat.21

However, another study has demonstrated that adipocytes, rather
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than APC, expressed MHCII and directly activated T cells during
obesity, which aggravated the process of adipose inflammation. 22

MHCII molecules, which are mainly expressed on the surface of
APC, such as DCs, macrophages and B cells, present exogenous
antigens to CD4+ T lymphocytes to activate adaptive immunity
in conjunction with co-stimulatory signals.23 However, certain
non-APC cells, such as fibroblasts, astrocytes, endothelial cells and
epithelial cells, also express MHCII during infection, inflammation
or trauma. Although study has demonstrated that adipocytes
expressed MHCII in obese individuals,22 it is very necessary to
identify whether all adipocytes or just hypertrophic adipocytes in
obesity highly express MHCII and the underlying mechanism of
MHCII expression to activate T cells during the early stage of
obesity. As studies have reported that adipocyte hypertrophy was
related to adipose tissue dysfunction and adipocytes size was
positively correlated to insulin resistance during obesity,24,25 the
presence of MHCII on adipocytes in obese individuals may be due
to adipocytes hypertrophy rather than overall obesity.
In this study, we aim to demonstrate that large, rather than all,

adipocytes highly express MHCII and function as APC to stimulate IFN-
γ-expressing CD4+ T cells and explore the signaling pathway involved.
Furthermore, studies in vitro confirm free fatty acids (FFA) promotes
adipocytes hypertrophy and expression of MHCII-associated genes.

MATERIALS AND METHODS
Mouse studies
Four-week-old C57BL/6 J male mice were purchased from Chinese
Academy of Science (Shanghai) and kept in a specific pathogen-free
environment. Mice were fed with either normal diet (ND; 12% kcal in fat) or
HFD (51% kcal in fat, beginning at age 8 weeks). All studies were approved
by the Animal Care and Use Committee of the Fudan University Shanghai
Medical College. Mice were randomly assigned to experimental groups
and blinding was not possible.

Cell culture
3T3-L1 preadipocytes were induced to differentiate as previously
described.26 After 7 days of induction, mature adipocytes were trypsinized,
plated at 50% density and cultured in Dulbecco’s modified Eagle’s medium
containing 10% (vol/vol) fetal bovine serum (Gibco, Grand Island, NY, USA),
then treated with palmitic acids or bovine serum albumin (both from
Sigma-Aldrich, St Louis, MO, USA) until day 20. Co-culture of adipocytes
and T cells was performed as previous described.22 C57BL/6 J mice were
intraperitoneally injected with 1mg Imject Alum (Thermo Fisher Scientific,
Rockford, IL, USA) and 50 μg ovalbumin (OVA) (Sigma-Aldrich) once a week
for 14 days to induce OVA-specific T cells. Splenic T cells were isolated by
using CD4+ T-Cell isolation Kits (Miltenyi Biotec, Bergisch, Germany). CD45-
depleted adipocytes (0.2 × 106 cells per well) and T cells (2 × 106 cells per
well) isolated from OVA-immunized C57BL/6 J mice were incubated with
500 μgml− 1 OVA for 72 h in 12-well plates, as single cultures or co-cultures
in direct contacted with T cells. Cultured cells were continuously shaken
gently to ensure mixing of T cells and floating adipocytes.

ELISA
IFN-γ concentrations in supernatants of co-cultured adipocytes and T cells
or in adipose tissue were analyzed by Mouse Ready-SET-Go! ELISA kits from
eBioscience (San Diego, CA, USA). The supernatants of cultured adipocytes
from ND and HFD C57BL/6 J mice were collected after 24 h and the
concentrations of interleukin (IL)-6 and tumor necrosis factor (TNF)-α were
measured by using Mouse Ready-SET-Go! ELISA kits from eBioscience. For
the detection of free fatty acid, adipocytes from ND and HFD C57BL/6 J
mice were harvested and homogenized in chloroform solution and the
concentrations, which were relative to the DNA content, were measured by
using free fatty acid quantitation kit (Sigma-Aldrich).

Glucose tolerance test and insulin tolerance test
For the glucose tolerance test, mice were injected intraperitoneal (i.p.) with
D-glucose (2 mg g− 1 body weight) after an overnight fast, and tail blood
glucose levels were monitored at 0, 30, 60, 90 and 120min after injection.
For the insulin tolerance test, mice fed ad libitum were injected i.p. with

human insulin (Eli Lilly, Indianapolis, IN, USA; 0.75mU g− 1 body weight)
around 1400 hours, and tail blood glucose levels were monitored at 0, 15,
30, 45 and 60min after injection.

Hematoxylin and eosin (H&E) staining and cell size quantitation
Standard H&E staining was performed on 5-μm paraffin sections of
gonadal adipose tissue. Cell diameter of H&E-stained sections was
measured in the 3–5 fields of 6–8 individual samples in each group using
Image J (NIH, Bethesda, MD, USA). For the cell size quantitation by flow
cytometry, polystyrene particles (Spherotech, Chicago, IL, USA) were used
to define the scale of flow cytometry.

Isolation of adipocytes
Gonadal adipose tissue was cut into small pieces and treated with
enzymatic digestion (collagenase VIII; Sigma-Aldrich). The digested tissue
was filtered through a 100-μm mesh filter to remove debris and was
centrifuged. The adipocytes floated above the supernatant after centrifu-
gation, and then incubated with fluorochrome-labeled mouse anti-CD45
(from eBioscience 30–F11) and CellTracker 5-chloromethylfluorescein
diacetate (from Life Technologies, Carlsbad, CA, USA) to confirm its purity
and vitality.

Flow cytometry analysis
After isolation of adipocytes, single-cell suspensions were treated with
anti-CD16/32 for 15min at room temperature to block non-specific
binding, followed by surface staining with the following antibodies for
30min at room temperature: fluorochrome-labeled mouse anti-CD45
(30–F11), MHCII (M5/114.15.2), CD86 (GL1) or isotype control antibody (all
from eBioscience). Intracellular staining were performed with the following
antibodies: fluorochrome-labeled mouse anti-c-Jun N-terminal kinase
(JNK; pT-183/pY185) and signal transducer and activator of transcription 1
(STAT1; pY-701; from BD Biosciences, Franklin Lakes, NJ, USA). The process
of staining was performed according to the manual protocol from
ebioscience or BD Biosciences. The cells were analyzed on a CyAn (from
Beckman Coulter, Fullerton, CA, USA), and the data analysis was performed
by using FlowJo 7.6 version. Adipocytes were sorted by fluorescence-
activated cell sorting according to the cell size and then collected for co-
culture or RNA extract.

RNA isolation and quantitative real time-PCR (qRT-PCR)
Total RNAs were extracted with RNeasy Lipid Tissue Mini Kit (Qiagen,
Hilden, Germany), and the mRNA was reverse transcribed by using a Revert
Aid first-strand cDNA synthesis kit (Fermentas, Waltham, MA, USA). Then,
the cDNAs were analyzed by using the Power SYBR green PCR kit with the
ABI Prism 7500 qPCR machine (Applied Biosystems, Foster City, CA, USA).
All qRT-PCR data were normalized to the 18 s results. Primer sequences for
qRT-PCR were from PrimerBank (http://pga.mgh.harvard.edu/primerbank/).

Western blotting
Western blot analysis in adipocytes was performed as previously
described.26 The membranes were incubated with primary antibodies
(MHCII and CIITA from Abcam (Cambridge, UK); Phospho-SAPK/JNK
(Thr183/Tyr185), SAPK/JNK and Phospho-Stat1 (Tyr701) from Cell Signaling
Technology (Beverly, MA, USA); β-actin from Sigma-Aldrich, Stat1 and
HSP90 from Santa Cruz Biotechnology (Santa Cruz, CA, USA), 422/aP2 from
the Department of Biological Chemistry of the Johns Hopkins University
School of Medicine) overnight.

Statistical analysis
The statistical analysis was performed with GraphPad Prism version 5
(GraphPad Software, San Diego, CA, USA). All results were presented as
means± s.e.m. Comparisons between groups were made by using an
unpaired two-tailed Student’s t-test. A P valueo0.05 was considered
statistically significant. All experiments were repeated at least three times,
and representative data are shown.
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RESULTS
Adipocytes size increases in insulin-resistant mice fed with HFD
To clarify the role of adipocytes hypertrophy and obesity in the
development of insulin resistance, obese mice were generated by
HFD. Because visceral adiposity was more closely related to insulin
resistance than to subcutaneous adiposity,3,27 we focused on

gonadal adipose tissue (visceral adipose tissue). As shown in
Figure 1a, the fat/body weight of HFD-fed mice increased
significantly more than their ND-fed littermates. Because obese
are classified into metabolically healthy obese and metabolically
abnormal obese, we then tested the intraperitoneal glucose and
insulin tolerance of HFD-fed mice. The results showed deteriorated

Figure 1. Adipocytes size increases in insulin-resistant mice fed with HFD. (a) Fat index (percentage of fat pad weight relative to the whole
body weight); (b) glucose concentrations during glucose tolerance test or insulin tolerance test; (c) morphologic comparison and H&E staining
(scale bar= 20 μm); (d) H&E staining sections quantification of adipocytes diameter; (e) polystyrene particles and representative adipocytes
flow cytometric analysis, three polystyrene particles with mean size at 24.6, 33.5 and 43.6 were used. (f) Percentage of large adipocytes by flow
cytometric analysis. All the results detected in mice fed with ND or HFD (n= 6–7). All the mice fed with ND or HFD for 20 weeks if not indicated
otherwise. *Po0.05, **Po0.01, ***Po0.001. SSC, side scatter.
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insulin sensitivity in HFD-fed mice than in ND-fed mice (Figure 1b).
Consistent with this, H&E-stained sections revealed an apparent
morphologic increase in adipocytes size of obese versus lean mice
(Figure 1c). Adipocyte diameters measured on the H&E-stained
sections displayed a near Gaussian distribution, and the line charts
of the two groups of mice intersected at the 60-μm point
(Figure 1d). Thus, small adipocytes were defined as those with
diameter o60 μm, whereas large adipocytes as those with
diameter 460 μm in H&E-stained sections. As presented in the
pie chart, the proportion of large adipocytes was approximately
threefold higher in the HFD-fed mice than in the ND-fed mice.
To further identify the actual size of adipocytes in vivo, we

measured them using flow cytometry (Figures 1e and f).
To eliminate the effects of other cells and oil droplets, isolated
adipocytes were stained with 5-chloromethylfluorescein diacetate
dye, CD45 and Nile red dye (data not show), which confirmed they
were pure adipocytes. In addition, we used polystyrene particles
with diameter among 18.0–52.0 μm to define the scale of flow
cytometry and identify the size of adipocytes. As shown in
Figure 1e, the peaks of adipocytes from ND and HFD were both
around 25 μm, so we defined small adipocytes as those with
diameter o25 μm, whereas large adipocytes as those with
diameter 425 μm. We found the proportion of large adipocytes

was approximately 2.5-fold greater in HFD-fed mice than in the
ND-fed mice, which was consistent with H&E staining result. The
differences of cell diameter between H&E-stained sections and
flow cytometry may be due to the squeeze and deformation of
H&E staining process. As flow cytometry was the main technique
to divide adipocytes into two groups (small adipocytes and large
adipocytes) in our study, we used 25 μm as a boundary point of
adipocytes in the following study.

MHCII expression is elevated in adipocytes of HFD-fed mice
Agreed with previous studies, we confirmed the expression of
MHCII in adipocytes of gonadal adipose tissue in HFD-fed mice
was higher than in ND by using flow cytometry and western
blotting (Figures 2a and b). To investigate the ability of adipocytes
to activate CD4+ T cells, adipocytes isolated from lean and obese
mice were co-cultured, respectively, with splenic T cells. Result
showed IFN-γ was significantly higher in the supernatant of
co-culture from obese mice compared with those from the lean or
culture alone (Figure 2c). Consistent with these results, the mRNA
expression of CIITA (the master regulator of MHCII), CD74 (the
MHCII invariant chain peptide) and CD86 (co-stimulatory factors)
increased significantly with obesity (Figure 2d). In addition, classic

Figure 2. The expression of MHCII elevates in adipocytes of HFD-fed mice. (a) Representative flow cytometric analysis of MHCII with CD86 and
(b) western blot analysis of MHCII in adipocytes of mice fed with ND or HFD. Similar results were obtained from 6 to 7 individual mice. 422/aP2
and HSP90 were used to identify mature adipocytes and loading control, respectively. (c) IFN-γ concentrations in supernatants of adipocytes
were cultured alone or co-cultured with T cells (n= 4–6). (d and e) CIITA, CD74, CD86, IL-6 and TNFα mRNA level in adipocytes;
(f) concentrations of IL-6 and TNF-α in supernatants of cultured adipocytes. The results of c–f detected in mice fed with ND or HFD (n= 6).
*Po0.05, **Po0.01, ***Po0.001 for ND vs HFD-fed. †Po0.05 for adipocytes were cultured alone vs co-cultured with T cells in HFD fed.
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pro-inflammatory cytokines such as IL-6 and TNF-α were also
substantially higher in the adipocytes of obese mice and the cell
culture supernatant of these adipocytes (Figures 2e and f).
Collectively, these results suggested that the expression of MHCII
increased with obesity and was accompanied by increased
pro-inflammatory factors.

Large adipocytes express higher levels of MHCII than small
adipocytes and stimulate CD4+ T cells to secrete more IFN-γ in
HFD-fed mice
Because adipocytes hypertrophy is closely related to insulin
resistance, we hypothesized that MHCII was highly expressed in
hypertrophic adipocytes but not in small adipocytes in obese
mice. To investigate whether only large adipocytes had a high
expression of MHCII, adipocytes were divided into two groups
based on their size measured by flow cytometry analysis
(Figures 1e and f). The results revealed large adipocytes
(425 μm) had a higher expression of MHCII and CD86 than small
adipocytes in both HFD- and ND-fed mice (Figures 3a and b).

To further test the ability of adipocytes with different size to
activate CD4+ T cells, the sorted adipocytes were co-cultured
with CD4+ T cells, and then the cytokines in the supernatant were
analyzed. Large adipocytes of HFD-fed mice co-cultured with
T cells secreted more IFN-γ (Figure 3c), although this increase in
IFN-γ secretion was not observed in ND-fed mice. We speculated
large adipocytes in ND-fed mice did not secrete additional
IFN-γ because the expression of MHCII was too low to reach
the threshold for CD4+ T cell activation. Consistent with these
results, qRT-PCR analysis revealed greater expression of CIITA
and CD74 in large adipocytes than in small adipocytes
(Figure 3d), and expression of pro-inflammatory cytokines IL-6
and TNF-α were higher in large adipocytes than in small
adipocytes (Figure 3e).

Activation of the JNK-STAT1 pathway is involved in upregulated
expression of MHCII and CIITA in large adipocytes of HFD-fed mice
with elevated FFA
It is well known that IFN-γ could induce MHCII expression.
To identify whether IFN-γ could also induce MHCII expression in

Figure 3. Large adipocytes express higher levels of MHCII than small adipocytes and stimulate CD4+ T cells to secrete more IFN-γ in HFD-fed mice.
(a and b) Flow cytometric analysis of MHCII and CD86 expression level (n=6–7); (c) IFN-γ concentrations in supernatants of adipocytes co-cultured
with T cells (n=4–6); (d and e) CIITA, CD74, CD86, IL-6 and TNF-α mRNA level. All the results detected in small or large adipocytes in mice fed with
ND or HFD. *Po0.05, **Po0.01, ***Po0.001 for small vs large adipocytes. ††Po0.01, †††Po0.001 for large adipocytes from ND- vs HFD-fed mice.
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adipose tissue, we detected the content of IFN-γ in mice and
found it was low in the early stage of obesity (8 weeks of HFD)
showed in Figure 4a. Many studies have shown that large
adipocytes have increased lipolytic activity, which contributed to
increased flux of FFA.13 Elevated plasma FFA was a typical feature
of obesity, which was closely related to insulin resistance.28,29

Thus, we hypothesized elevated FFA in large adipocytes triggered
inflammatory signaling pathways to increase MHCII expression. As
expected, the FFA content in intracellular adipose tissue increased
with the development of obesity (Figure 4a).
As previous studies demonstrated increased FFA activated

JNK,30–32 whereas JNK was reported to activate STAT1,33–35 we
detected phosphorylation of JNK and STAT1 in adipocytes. Similar
to previous studies, both JNK and STAT1 were activated with
obesity and were consistent with the high expression of CIITA and
MHCII in adipocytes (Figure 4b). To further clarify the activation
occurred primarily in large adipocytes, the adipocytes were
divided into small and large groups by using flow cytometry.

Paralleled with the expression of MHCII, p-JNK and p-STAT1 were
primarily activated in large adipocytes of both HFD- and ND-fed
mice (Figures 4c and d).

Excess saturated fatty acids increase adipocytes size and
expression of CIITA and MHCII in 3T3-L1 and primary adipocytes
To clarify the underlying mechanism of MHCII expression in
adipocytes during obesity, we checked whether palmitic acid, the
most abundant saturated fatty acid in the blood,36 could induce
the enlargement of adipocytes and expression of MHCII in vitro.
According to previous studies and our data (Figure 5a), we
incubated 3T3-L1 mature adipocytes with 300 μM palmitic acid for
13 days. Before harvest, we measured cell size and found palmitic
acids could enlarge the adipocytes (Figure 5b). Consistent with the
results in vivo, phosphorylation of JNK and STAT1 increased in 3T3-
L1 adipocytes treated with palmitic acids (Figure 5c). Although
MHCII cannot be detected by western blotting, palmitic acids
increased mRNA expression of MHCII (H2-Eb1), CIITA, CD74 and

Figure 4. Activation of JNK-STAT1 pathway is involved in large adipocytes of HFD-fed mice with elevated FFA. (a) The relative contents of IFN-γ
(left) and FFA (right) in adipose tissue (n= 10–13) and (b) western blot analysis of p-JNK, JNK, p-STAT1, STAT1, CIITA and MHCII expression levels
in adipocytes of mice fed with ND-, HFD for 8 weeks, HFD for 20 weeks (n= 4–6). Mice fed a HFD for 8 weeks were presented as a gradient
control. (c and d) Flow cytometric analysis of p-JNK and p-STAT1 expression levels in small or large adipocytes of mice fed with ND or HFD
(n= 6). *Po0.05, **Po0.01, ***Po0.001 for small vs large adipocytes. ††Po0.01 for large adipocytes from ND- vs HFD-fed mice.
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CD86, which were accompanied by an increase in the pro-
inflammatory factors IL-6 and TNF-α (Figures 5d and e). We
speculated the reasons of these results might be that 3T3-L1 is
classic and simple adipocytes, which lacked the essential
condition to synthesize the protein of MHCII or the expression
was too low to be detected by conventional approaches.
However, protein levels of MHCII were increased in primary
adipocytes of 8-week-old mice treated with palmitic acids
(Figure 5f). The mRNA expressions of associated genes were
increased simultaneously (Figures 5g and h). Collectively, these
results suggested that saturated fatty acids induced adipocytes
hypertrophy and expression of CIITA and MHCII.

DISCUSSION
Recent study has shown that adipocytes can express MHCII to
directly activate T cells in promoting adipose inflammation during
the progression of obesity,22 which uncovered a new insight of
adipocytes acting as antigen-presenting cells. However, there are
still some questions to be answered, such as which type of
adipocytes highly express MHCII and the underlying mechanism.
In this study, we demonstrate that MHCII is highly expressed in
large adipocytes but not in small adipocytes and the activation of
the JNK-STAT1 pathway is involved in it. The expression of MHCII
in large adipocytes from obese mice stimulate CD4+ T cells to
secrete more IFN-γ and polarize to Th1 in conjunction with CD86,

Figure 5. Saturated fatty acids increase adipocytes size and expression of CIITA and MHCII in 3T3-L1 and primary adipocytes. Results of a–e
detected in 3T3-L1 adipocytes treated with bovine serum albumin (BSA) or palmitic acid (PA). (a) palmitic acid gradient response of CIITA
mRNA expression; (b) 5-chloromethylfluorescein diacetate (CMFDA) staining (left) and cell size measurement (right, scale bar= 100 μm);
(c) western blot analysis of p-JNK, JNK, p-STAT1 and STAT1; (d and e) indicated genes mRNA level in mature adipocytes. Results of f–h detected
in primary adipocytes of 8-week-old mice. (f) Flow cytometric analysis of MHCII; (g and h) indicated genes mRNA level in primary adipocytes.
*Po0.05, **Po0.01, ***Po0.001 for BSA vs palmitic acid treated.
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which in return escalate this process and inflammation. These
findings would help us to understand why metabolically healthy
obese containing small adipocytes is in low inflammation and less
insulin resistance.
Studies have shown that obese people with enlarged

subcutaneous abdominal adipocytes size were more susceptible
for glucose intolerance and hyperinsulinemic than those with
relatively smaller adipocytes size but with a similar degree of
adiposity.37,38 In addition, other groups have demonstrated large
adipocytes had a high expression of immune-related genes such
as leptin and serum amyloid A, which may link hypertrophic
adipocytes to insulin resistance.12 Here we report that large
adipocytes rather than small adipocytes highly express MHCII in
both HFD- and ND-fed mice and can function as APC to activate
T cells. However, the number of large adipocytes in ND-fed mice is
much lower compared with HFD-fed mice, so the activation of
T cell is absent in ND-fed mice. These results may be of value as
we demonstrate the phenotype change of adipocytes other than
immune cells is also associated with obesity-related inflammation.
Previous study reported that during the progression of obesity,

increased leptin promoted activation and polarization of T cells in
adipose tissue, which secreted IFN-γ to induce expression of CIITA
and MHCII in adipocytes.22 However, other studies showed that
T-cell enrichment and IFN-γ gene induction occurred in later
periods of obesity development and that early T-cell infiltration
might be a protective process to temper adipose tissue
inflammation.18,39 Although we cannot exclude the possibility
that IFN-γ could increase MHCII expression in adipocytes, it is less
likely that increase of MHCII in adipocytes is due to IFN-γ during
the early periods of obesity, as our study showed that FFA, but not
IFN-γ, elevated during the early periods of obesity. As high
expression of MHCII is particularly in large adipocytes, elevated
FFA is closely associated with adipocyte hypertrophy and insulin
resistance,40 we hypothesize FFA, rather than IFN-γ, may be an
initial stimulus of MHCII expression. But it is still possible that, with
the propagation of obesity, IFN-γ secreted by activated T cell may
work together with FFA to induce more MHCII expression in
adipocytes to worsen adipose inflammation.
According to previous studies, elevated intracellular FFA led to

endoplasmic reticulum stress, which activated JNK signaling
cascades that contributed to the development of insulin
resistance.30–32 In our study, the increased intracellular FFA in
adipocytes is associated with the activation of JNK and STAT1.
As reports have demonstrated that phosphorylated JNK can
activates STAT1,33–35 while STAT1 can further activate CIITA
(the key regulator for MHCII expression and location),23,41 we
propose that the expression of MHCII and CIITA are regulated by
p-STAT1 through p-JNK signaling in large adipocytes and our
results confirmed it. Besides, adipocyte hypertrophy might lead
to local adipose tissue hypoxia, which induced expression of
hypoxia inducible factor 1 and related genes. Hypoxic adipose
tissue displayed increased activity of the JNK1 pathway and
expression of genes involved in inflammation and endoplasmic
reticulum stress,28,42,43 this may be another mechanism to
explain the high expression of MHCII in large adipocytes and
need to further study. Moreover, we cannot exclude the role of
classical JAK-STAT pathway in the activation of MHCII in
adipocytes, as some studies demonstrated JAK1 was involved
in JNK-STAT1 activation35 and our data were consistent with it
(Supplementary Figure). It will be interesting to address the exact
mechanism by using adipocyte-specific JNK- or JAK1-deficient
mice in the future study.
Although our study reveals a novel function of large adipocytes

in T-cell activation in the adipose tissue of obese mice, we agree
that macrophages/DCs are able to activate T cells to secrete IFN-γ,
which in turn polarize resident macrophages into inflammatory
M1, contributing to ectopic fat deposition and systemic insulin
resistance.21,44 However, the expression of multiple MHCII genes

did not change in adipose tissue macrophages of lean versus
obese subjects according to previous study.22 As for DCs, they
constituted a small proportion in adipose tissue (around 0.4–0.6%,
data not shown) and existed reports indicated that their function
focused on the induction of naïve T-cell activation, Th17-cell
responses and macrophage infiltration.45,46 In contrast to macro-
phages and DCs, the adipocytes are the major component in
adipose tissue. Thus, our study suggested that, although DC or
macrophage could be more capable of activating T cells on a
single-cell level, enlarged adipocytes may have an important role
in activating T cells during early stage of obesity.
Activation of T cells by large adipocytes will promote an immune

reaction against the antigen, such as autoimmune reaction.
Compared with type 1 diabetes, a typical autoimmune disease,
obesity-related T2D is more complex. Although T2D has not been
defined as an autoimmune disease, accumulating evidence
supported autoimmune reactions in the adipose tissue of obese
mice.47–49 For example, several studies showed that, in visceral
adipose tissue of HFD-fed mice, T cells displayed biased T cell
receptor-Vα repertoires, suggesting the antigen-specific expansion.47

In addition, it was reported that accumulating B cells in visceral
adipose tissues of HFD-fed mice were capable of secreting IgG2c
auto-antibodies to worsen insulin resistance.48 Furthermore, many
human studies suggested the existence of autoimmune reactions by
showing the presence of diabetes antibody markers in T2D.50,51

However, it remains unclear about the nature of the relevant self-
antigens that are derived from the adipose microenvironment.
Necrotic adipocytes have been suggested to act as the antigenic
stimulus and antigens absorbed from the gut in visceral adipose also
have been demonstrated to play a role in T-cell activation in mouse
model.13,52–54 Together with previous studies, our findings may
further support the possibility that there are autoimmune reactions
involving T-cell activation in the adipose tissue of obese mice.
In conclusion, our investigation highlights the role of adipocyte

hypertrophy in the development of obesity-associated inflamma-
tion. This phenotype change of adipocytes may be due to excess
FFA accumulated in adipocytes, which stimulate the expression of
MHCII to activate T cells involving the JNK-STAT1 signaling
pathway. In a word, our results provide a new therapeutic potential
to attenuate obesity-associated inflammation by preventing
adipocytes hypertrophy and/or removing large adipocytes.
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