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an antibody response predictive of the insulin 
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Abstract 

Obesity and insulin resistance (IR), the key features of metabolic syndrome, are closely associated with a state of 
chronic, low-grade inflammation. Bariatric surgery leads to a considerable reduction in the adipose tissue mass and 
systemic inflammation along with a reduction of IR, with a whole-body metabolic improvement. However, a sizable 
portion of people experience an IR relapse within few years of remission.

Numerous studies have attempted to explore the best clinical predictors of the improvement of insulin sensitivity and 
the maintenance of glucose homeostasis after bariatric surgery, but no simple fasting blood test has been found to 
be effective in predicting the short and long-term beneficial effects on glycaemia.

With the present study, we investigated T-cell and antibody responses against CD300e, an antigen highly expressed 
in the adipose tissue of patients with obesity before the bariatric surgery-induced weight loss. We found both in 
fat tissue and in peripheral blood anti-CD300e-specific T helper 1 responses. Moreover, we evidenced in the sera of 
individuals with obesity an antibody response towards CD300e and revealed the existence of a significant correlation 
between the level of antibodies before surgery and the maintenance of glucose control after the intervention.
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Introduction
Obesity is a chronic relapsing progressive systemic dis-
ease with a multifactorial pathogenesis [1]. In patients 
with obesity and/or metabolic syndrome, adipose tis-
sue (AT) is usually dysregulated because of a complex 
crosstalk between the metabolic system and the immune 
system. Fat accumulation associates with insulin resist-
ance (IR), changes in circulating levels of adipocytokines, 
low-grade chronic inflammation, increased infiltration 

of immune cells, and increased risk for the development 
of type 2 diabetes (T2D). The treatment of obesity is 
very challenging and includes bariatric surgery. Beyond 
important weight loss, bariatric surgery leads to sig-
nificant early improvement of hyperinsulinemia and IR, 
according to the evaluation by the homeostatic model 
assessment for insulin resistance (HOMA-IR) [2].

Plasma of individuals with obesity and IR contains 
autoantibodies specific for several autoantigens [3]. 
The immune receptor CD300e has been shown to be 
expressed by macrophages infiltrating the AT of patients 
with obesity [4] and a study performed on a cohort of 
49 monozygotic twin pairs, discordant for body mass 
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index, revealed that the mRNA encoding CD300e is sig-
nificantly up regulated in AT of the heavier subjects than 
their co-twin [5].

This study aimed at i) investigating if CD300e elic-
its an antibody response in patients with obesity and if 
the antibody titer declines after surgery-induced weight 
loss, ii) verifying if the anti-CD300e titer before weight 
loss might be predictive for the improvement of insulin 
sensitivity and glucose metabolism, and iii) exploring 
CD300e-specific T cell-responses both in the peripheral 
blood and in adipose tissues.

Material and methods
Patients
A total of 48 patients with obesity and eligible for bari-
atric surgery (laparoscopic sleeve gastrectomy) were 
enrolled at the Center for the Study and the Inte-
grated Treatment of Obesity of the University Hospi-
tal of Padova, according to the following criteria: age 
18–65 years with BMI ≥ 40.0 kg/m2 or with BMI between 
35.0 and 39.9 kg/m2 and co-morbidities. Blood samples 
were collected from patients before bariatric surgery-
induced weight loss and from the same subjects at the 
time of abdominoplasty. Blood from 72 individuals of 
normal weight (age 18-65 years with BMI between 18.5 
and 24.9 kg/m2) were included as control. Insulin resist-
ance was evaluated using the homeostasis model assess-
ment: HOMA- IR = Fasting glucose (mmol/L) x Fasting 
Insulin (μU/mL)/22.5.

Quantification of α‑CD300e antibodies in human sera
The level of anti-CD300e antibodies in sera was evalu-
ated by a home-made ELISA. Briefly, serum was isolated 
from blood samples and diluted 1:100 before adding to 
wells of a 96-well plate previously coated with recombi-
nant CD300e (5 ng/well, Abnova). Horseradish peroxi-
dase–conjugated anti-human IgG antibody (Calbiochem) 
were added to each well, and colour was developed with 
TMB (Ebiosciences). Absorbance was read at 450 nm.

Generation of T cell clones from peripheral blood 
and adipose tissue and analysis of the profile
We investigated the T cell responses of patients affected 
by obesity and of controls not affected by obesity. Fol-
lowing authorization of the local ethical committee and 
informed consent, T cells were isolated from periph-
eral blood samples of 7 patients with obesity and from 
visceral adipose tissue (AT) of 3 donors undergoing 
laparoscopic bariatric surgery. From peripheral blood, 
CD300-e-specific T-cell lines were induced as described 
[6, 7]. Peripheral T cells isolated from 3 individuals of 
normal weight were included as control. Activated T cells 
were isolated and expanded from AT specimens. Briefly, 

each AT sample was cultured for 7 days in RPMI 1640 
medium supplemented with 10% FCS and human recom-
binant IL-2 (50 U/ml) to expand preferentially T cells 
activated in vivo. AT specimens were then disrupted, and 
T-cell blasts were cloned under limiting dilution condi-
tions in round-bottomed microwell plates containing 
irradiated peripheral blood mononuclear cells (as feeder 
cells), PHA (0.5%) and IL-2 (20 U/ml) [7]. Surface marker 
analysis of T cell clones was performed by a flow cytom-
eter FACS Canto (BD Biosciences, USA) with the Diva 
software for acquisition (Becton Dickinson).

Clones were screened for responsiveness to CD300e 
antigens by measuring [3H] thymidine uptake after 60 h 
of co-culture with irradiated autologous mononuclear 
cells in the presence of CD300e (2 μg/ml). At 16 h before 
harvesting, 0.5 μCi of [3H] thymidine was added, and 
radionuclide uptake was measured in a β-counter. The 
mitogenic index (MI) was calculated as the ratio between 
mean values of cpm obtained in stimulated cultures and 
those obtained in the presence of medium alone. MI > 5 
was considered as positive. To assess the cytokine pro-
duction of CD300e-specific clones on antigen stimula-
tion, T cells were co-cultured for 48 h with irradiated 
autologous peripheral blood mononuclear cells in the 
absence or presence of CD300e (2 μg/ml). At the end of 
culture period, duplicate samples of each supernatant 
were assayed for IFN-γ, IL-17 and IL-4 by ELISA (R&D).

Statistical analysis
All statistical analyses were carried out using GraphPad 
Prism software version 9.0. Non-parametric Mann–
Whitney U-test and Kruskal–Wallis were carried out 
to assess differences between continuous variables with 
Bonferroni correction for multiple comparison when 
appropriate. Non-parametric correlations were measured 
using the Spearman rank correlation coefficient. Receiver 
operating characteristic (ROC) curve analysis was used 
to assess the predictive potential of the anti-CD300e anti-
body content in patients’ sera.

Results and discussion
Based on the evidence that patients with both type 1 
diabetes and T2D are seropositive for CD300e [8], a sur-
face receptor, expressed by myeloid cells [9], we won-
dered whether antibodies anti-CD300e were increased 
in obese individuals which often suffer from glucose 
dysmetabolism.

By comparing a cohort of 48 obese subjects with a 
cohort of 72 individuals of normal weight, we veri-
fied that sera from the former contained significantly 
more anti-CD300e antibodies than those from the lat-
ter. Notably, the comparison between the same patients 
before and after bariatric surgery-induced weight loss 
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revealed that in 77% (37 patients out of 48) of patients 
the anti-CD300e antibody content declined (Fig. 1a).

CD4+ T cells are necessary as helpers to promote B 
cell antibody production. In accordance, we obtained 
608 clones from peripheral blood of obese patients 
(81 clones, 89 clones, 86 clones, 93 clones, 87 clones, 
75 clones, 97 clones respectively from each patient 
studied). 253 (41%) of the 608 clones derived from the 
peripheral blood of obese patients proliferated signifi-
cantly in response to CD300e. Upon antigen stimula-
tion, 189 clones (75%) displayed a Th1 profile in that 
they secreted primarily IFN-γ, 43 clones (17%), a Th17 
profile characterized by the secretion of IL-17, and 21 
clones (8%) produced both IFN-γ and IL-17 (Th1/Th17) 
(Fig. 1b). Interestingly, no CD300e-specific clones were 
obtained from individuals of normal weight. Moreover, 
we evidenced that the profile of  CD4+ T-cells isolated 
from AT mirrored that of circulating T cells (Fig.  1c). 
AT-infiltrating in vivo activated T cells were expanded 
in  vitro from 3 patients with obesity in a IL-2-condi-
tioned medium, cloned, and studied for their pheno-
typic and functional profile. For each patient,  CD4+ 
and  CD8+ AT-derived T cell clones were screened in 
triplicate for proliferation in response to medium or 
CD300e. No  CD8+ clones proliferated to CD300e. We 
obtained 161 clones from AT (50 clones, 62 clones, 49 
clones respectively from each patient). 33/161  CD4+ 
clones were specific for CD300e: 22 of the 33 clones 
(66.7%) were Th1, 7 (21.2%) were Th17 and 4 (12.1%) 
were Th1/Th17.

Together, this evidence suggest that the CD300e-
specific T cells in obese individuals mainly display the 
pro-inflammatory Th1 phenotype, which is the most 
represented in obesity and the fuel for AT and systemic 
inflammation and insulin resistance [10].

Next, we calculated non-parametric correlations using 
the Spearman rank correlation coefficient between clini-
cal characteristics of matched patients before and after 
weight loss (Table 1). Intriguingly, we found that the pres-
ence of anti-CD300e antibodies in sera of obese patients 
before weight loss inversely correlated with the improve-
ment of HOMA-IR after weight loss (R = -0.31; p = 0.02) 
(Fig. 2a). These data suggested that the seroconversion to 
CD300e in obese patients may have a predictive role for 
the improvement of insulin sensitivity after bariatric sur-
gery-induced weight loss. To corroborate this notion, we 
performed a ROC curve analysis to determine if the anti-
CD300e antibody content in sera of patients before sur-
gery could be useful to distinguish patients that improved 
their HOMA-IR (> 40%) from those who had a poorer 
amelioration of HOMA-IR (< 40%): We found that values 
lower than 0.64 arbitrary units (AU) can predict whether 
the insulin resistance status of the patient will success-
fully improve after weight loss (Area under curve = 0.752; 
p = 0.047) (Fig. 2b).

Metabolic changes linked with a dysfunctional adi-
pose organ in obesity leads to immune activation [11] 
with the shifting towards a chronic low-grade inflam-
matory state. The latter firstly involves the adipose 
organ, but gradually it expands at the systemic lev-
els with a tremendous impact in the development of 

Fig. 1 Obese patients are seropositive to CD300e and possess CD300e-specific  CD4+ T cells with a pro-inflammatory profile. a Sera of 72 subjects 
of normal weight and of 48 patients with obesity, pre (PWL) and after (AWL) bariatric surgery-induced weight loss, were evaluated by ELISA against 
CD300e. Data are expressed as arbitrary units (AU). Significance was determined by Mann-Whitney U Test. *p ≤ 0.05; ***p ≤ 0.001. b-c Profile of 
CD300e-specific  CD4+ T cells isolated from blood of 7 patient with obesity (b) or from AT (c) of 3 obese individuals
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insulin resistance and related metabolic disease [12, 
13]. AT also provides an environment for the secretion 
of IgG antibodies with anti-self-reactivity mostly due to 
the release of self-antigens.

Here we revealed that subjects with obesity produce 
antibodies against the immune receptor CD300e, in 
accordance with an increased expression of the protein 
in AT [5]. Conversely, the latter displays a low expres-
sion of CD300e following weight loss [14], and this is 
mirrored by the decline of the antibody titer. In our 
subjects with obesity the serum level of anti-CD300e 
antibodies before weight loss inversely correlated with 
the improvement of HOMA-IR after weight loss.

T cells play indispensable roles in tissue immunome-
tabolism. An abnormal infiltration of  CD4+ T cells was 
initially identified in human AT and significantly cor-
related with the body mass index [15].  CD4+ T cells 
were increased in AT of obese mice and produce higher 
amounts of IFN-γ than those obtained from lean con-
trols, indicating a Th1 polarization in obese AT [16, 17]. 
The crucial contribution of Th1 cells to adipose inflam-
mation and metabolic dysfunctions in obesity is sup-
ported by the fact that deficiency of both  CD4+ T cells 
and IFN-γ reduced adipose tissue inflammation and 
improved insulin sensitivity in obese ones [18]. Th1 cells 
and IFN-γ have been shown to deeply interfere with 

Table 1 Anthropometric and clinical characteristics of patients with obesity

 Continuous variables were analyzed with Mann-Whitney U Test if variables were not normally distributed. P-value below 0.05 was considered significant

PWL AWL p

Sex (M/F) 20/28 –

AGE 18-64 23-66

BMI 35-68.3 23.9-48.4 < 0.0001

Total cholesterol mg/dl (mean ± SD) 187.17 ± 38.82 173.57 ± 33.54 0.0798

Triglycerides mg/dl (mean ± SD) 116.35 ± 56.25 80.93 ± 32.70 0.0003

PCR mg/l (mean ± SD) 6.88 ± 5.86 1.64 ± 1.99 < 0.0001

HOMA‑IR mg/dl (mean ± SD) 5.19 ± 4.31 1.39 ± 0.946 < 0.0001

Glucose mmol/l (mean ± SD) 5.89 ± 1.73 4.54 ± 0.47 < 0.0001

Insulin mU/l (mean ± SD) 19.34 ± 14.77 6.83 ± 4.3 < 0.0001

Leptina μg/l (mean ± SD) 37.47 ± 15.93 11.11 ± 8.91 < 0.0001

Anti‑CD300e antibodies, AU (mean ± SD) 0.59 ± 0.25 0.46 ± 0.27 0.0238

Fig. 2 Anti-CD300e antibodies correlate with the improvement of insulin resistance in patients with obesity. a The presence of anti-CD300e 
antibodies in patients with obesity before weight loss inversely correlates with the amelioration of insulin resistance (expressed as % HOMA-IR 
improvement in AWL vs PWL) after bariatric surgery-induced weight loss. Non-parametric correlation was measured using the Spearman rank 
correlation coefficient (R = − 0.31; P = 0.02). b Receiver Operating Characteristic (ROC) curve analysis was used to determine the potential predictive 
role of serum anti-CD300e antibodies in the successful improvement of insulin sensitivity after bariatric surgery-induced weight loss (expressed as 
> 40% amelioration in HOMA-IR in AWL vs PWL). Cut-off > 0.64; Area under curve = 0.725; p = 0.047
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insulin signaling, leading to insulin resistance in adi-
pose tissue and skeletal muscle cells, finally contributing 
to systemic insulin resistance in obesity [17, 19]. Here 
we showed that a significant proportion of  CD4+ T cell 
clones derived from peripheral blood of obese patients, 
but not from lean metabolically healthy subjects, were 
activated by CD300e, proliferated, and showed a typi-
cal Th1 profile, emphasising the pathogenic role of Th1 
immune dysregulation in obesity.

It is noteworthy that a predominant  CD4+ Th1 profile 
was demonstrated not only in the peripheral blood but 
also in the adipose tissue of obese patients by CD300e-
specific  CD4+ T cells. The possibility that the anti-
CD300e autoantibodies, besides the T cells specific for 
CD300e, might be involved in the immunopathology of 
obese patients deserves further investigation.

Our findings reinforce the notion that targeting spe-
cific immune system processes and metabolic pathways 
are crucial to control immune response and maintain 
immunological homeostasis, as well as to prevent (or 
treat) inflammation-associated metabolic changes (such 
as altered glucose tolerance and IR, occurring in obesity 
and T2D). Moreover, our results suggest that the serum 
anti-CD300e antibodies may become not only a useful 
diagnostic biomarker of the key immunometabolic per-
turbations leading to unhealthy obesity, but also a predic-
tive biomarker for a successful therapeutic strategy.

Abbreviations
IR: Insulin resistance; AT: Adipose tissue; T2D: Type 2 diabetes; HOMA-IR: 
Homeostatic model assessment for insulin resistance; Th: T helper; AU: Arbi-
trary units..

Acknowledgements
Not applicable.

Authors’ contributions
MdB, MMDE and RV conceived and designed the work that led to the submis-
sion and were involved in writing the manuscript. SC conducted the ELISAs. 
SC and ET performed data analyses. ET collected patients’ metabolic data and 
was involved in patients’ follow up. MB, CDB and JR isolated T lymphocytes 
from patients with obesity and performed the experiments aimed at deter-
mining the cell functional profile. All authors critically revised the manuscript, 
agreed on all aspects of the work, and approved the final version.

Funding
The work was supported by grants from Ministero dell’Università e della 
Ricerca e Ministero della Salute.

Availability of data and materials
Data supporting the results reported in the article can be requested to the 
corresponding author.

Declarations

Ethics approval and consent to participate
Written informed consent was obtained from all participants after the 
approval of the study protocol by the University Hospital Ethical Committee 
(Comitato Etico per la Sperimentazione Clinica della Provincia di Padova). 

Measures of anthropometric and clinical data were taken according to the 
study protocol and to the Good Clinical Practice (GCP) guidelines.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Biology, University of Padova, Padova, Italy. 2 Medical Clinic III, 
Department of Medicine (DIMED), University of Padova, Padova, Italy. 3 Depart-
ment of Experimental and Clinical Medicine, University of Florence, Florence, 
Italy. 4 Department of Medicine and Translational Surgery, Catholic University, 
Rome, Italy. 5 Department of Molecular and Developmental Medicine, Univer-
sity of Siena, Siena, Italy. 

Received: 2 August 2022   Accepted: 4 November 2022

References
 1. Lin X, Li H. Obesity: epidemiology, pathophysiology, and therapeutics. 

Front Endocrinol. 2021;12:706978.
 2. Matthews DR, et al. Homeostasis model assessment: insulin resistance 

and beta-cell function from fasting plasma glucose and insulin concen-
trations in man. Diabetologia. 1985;28:412–9.

 3. Winer DA, et al. B cells promote insulin resistance through modula-
tion of T cells and production of pathogenic IgG antibodies. Nat Med. 
2011;17:610–7.

 4. Coletta S, et al. The immune receptor CD300e negatively regulates T cell 
activation by impairing the STAT1-dependent antigen presentation. Sci 
Rep. 2020;10:16501.

 5. van der Kolk BW, et al. Molecular pathways behind acquired obesity: 
adipose tissue and skeletal muscle multiomics in monozygotic twin pairs 
discordant for BMI. Cell Rep Med. 2021;2:100226.

 6. D’Elios MM, et al. T helper 1 effector cells specific for helicobacter pylori 
in the gastric antrum of patients with peptic ulcer disease. J. Immunol. 
Baltim. Md. 1997;1950(158):962–7.

 7. Benagiano M, et al. Interleukin-17/Interleukin-21 and interferon-γ produc-
ing T cells specific for β2 glycoprotein I in atherosclerosis inflammation of 
systemic lupus erythematosus patients with antiphospholipid syndrome. 
Haematologica. 2019;104:2519–27.

 8. Haseda F, et al. Antibody to CMRF35-like molecule 2, CD300e a novel 
biomarker detected in patients with fulminant type 1 diabetes. PLoS One. 
2016;11:e0160576.

 9. Aguilar H, et al. Molecular characterization of a novel immune 
receptor restricted to the monocytic lineage. J Immunol Baltim Md. 
2004;1950(173):6703–11.

 10. Liu R, Nikolajczyk BS. Tissue immune cells fuel obesity-associated inflam-
mation in adipose tissue and beyond. Front Immunol. 2019;10:1587.

 11. Chung K-J, Nati M, Chavakis T, Chatzigeorgiou A. Innate immune cells in 
the adipose tissue. Rev Endocr Metab Disord. 2018;19:283–92.

 12. Makowski L, Chaib M, Rathmell JC. Immunometabolism: from basic 
mechanisms to translation. Immunol Rev. 2020;295:5–14.

 13. Michailidou Z, Gomez-Salazar M, Alexaki VI. Innate immune cells in 
the adipose tissue in health and metabolic disease. J Innate Immun. 
2022;14:4–30.

 14. van der Kolk BW, et al. Differential mitochondrial gene expression in 
adipose tissue following weight loss induced by diet or bariatric surgery. 
J Clin Endocrinol Metab. 2021;106:1312–24.

 15. Kintscher U, et al. T-lymphocyte infiltration in visceral adipose tissue: a 
primary event in adipose tissue inflammation and the development 
of obesity-mediated insulin resistance. Arterioscler Thromb Vasc Biol. 
2008;28:1304–10.

 16. Deng T, et al. Class II major histocompatibility complex plays an 
essential role in obesity-induced adipose inflammation. Cell Metab. 
2013;17:411–22.



Page 6 of 6Coletta et al. Journal of Inflammation           (2022) 19:21 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 17. Khan IM, et al. Intermuscular and perimuscular fat expansion in obesity 
correlates with skeletal muscle T cell and macrophage infiltration and 
insulin resistance. Int J Obes. 2015;2005(39):1607–18.

 18. Rocha VZ, et al. Interferon-gamma, a Th1 cytokine, regulates fat 
inflammation: a role for adaptive immunity in obesity. Circ Res. 
2008;103:467–76.

 19. McGillicuddy FC, et al. Interferon γ attenuates insulin signaling, lipid stor-
age, and differentiation in human adipocytes via activation of the JAK/
STAT pathway*. J Biol Chem. 2009;284:31936–44.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	The antigen CD300e drives T cell inflammation in adipose tissue and elicits an antibody response predictive of the insulin sensitivity recovery in obese patients
	Abstract 
	Introduction
	Material and methods
	Patients
	Quantification of α-CD300e antibodies in human sera
	Generation of T cell clones from peripheral blood and adipose tissue and analysis of the profile
	Statistical analysis

	Results and discussion
	Acknowledgements
	References


