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Abstract

The burden of aging and obesity is urging extended investigation into the molecular mechanisms 

that underlie chronic adipose tissue inflammation. B cell-targeted therapies are emerging as novel 

tools to modulate the immune system and thereby mitigate aging and obesity-related metabolic 

complications.
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The world population is drastically aging: reports from the National Institute on Aging and 

U.S Census Bureau estimated an increase in the percentage of 65+ population from 8.5% in 

2015 to 17% by 2050 [1]. The parallel obesity epidemic has reached alarming proportions 

with 2016–2018 CDC reports stating a prevalence of 40.1% in the 60+ population [2]. Age-

associated increases in adiposity and adipose tissue (AT) redistribution, along with 

accelerated aging of AT in obesity associate with a wide range of health complications such 

as type 2 diabetes (T2D), cardiovascular disease and non-alcoholic fatty liver disease. This 

combination of demographic and health concerns translates into an urgent need for the 

scientific community to investigate molecular mechanisms underlying AT inflammation to 

repurpose or develop new immunotherapies to overcome the burdens of obesity and aging. 

Camell and colleague’s study is a perfect example of this strategy as they unveil the clinical 

advantages of depleting a unique aged but non-senescent visceral adipose tissue (VAT)-

resident B cells population, termed aged adipose B cells (AAB), to improve whole-body 

homeostasis and thermogenesis in older mice [3].
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AT is the largest endocrine and immunological organ in obesity, so it regulates not only lipid 

metabolism but also glucose homeostasis, insulin sensitivity and systemic inflammation. 

Understanding AT is therefore critical for understanding aging and obesity, both of which 

are characterized by sustained low-grade inflammation. Abnormalities in the AT, especially 

the VAT, lead to the expansion of AT-resident immune cells and infiltration by circulating 

immune cells. Over the past decade, studies on changes in the AT immune system, 

especially during obesity [4] and to a lesser extent, aging [5], has enormously increased. 

Although the majority of these studies focus on topics related to the polarization of AT-

macrophages (ATM) from anti-inflammatory (M2) to pro-inflammatory (M1), as mediated 

by IFNγ secretion from AT-T cells (ATT) [6], less abundant but equally strong publications 

show direct impacts of lymphocytes, predominantly T cells, on AT inflammation and thus 

AT function and metabolic health in obesity and aging. The pathogenic role of B cells as 

antigen presenting cells and antibody producers during obesity and aging has been less 

investigated. Exceptions include diet-induced obesity experiments, which demonstrated that 

obese B cell-null mice showed improved insulin sensitivity due to the absence of pathogenic 

IgG and reduced antigen presentation to pro-inflammatory ATT and ATM [7], as well as 

reduced AT and circulating leptin levels [8]. Studies in obese subjects showed increased IgG 

production by subcutaneous adipose tissue (SAT) B cells [9], consistent with the 

demonstration of pathogenic IgG in obese mice. Our related work showed that human B 

cells are essential for promoting Th17 inflammation only in T2D, whereas myeloid cells 

promote IL-17 production in a disease-independent manner [8]. These studies highlight 

obesity-mediated derangement in generally anti-inflammatory actions of B cells in AT from 

young and/or lean individuals, as also evidenced by work showing that B-1a cells and/or 

regulatory B cells (i.e., Bregs) produce the anti-inflammatory cytokine IL-10 to rescue obese 

mice from insulin resistance [10]. Together these data indicate B cells are potential targets 

for ameliorating obesity-induced inflammation, and raise the possibility of key roles in the 

pathogenic VAT in aging.

Elegant work from Camell and colleagues showed that aged mice expand AAB only in VAT 

niches, but not in other fat pads or spleen, and that they differ from previously identified 

splenic aged B cells (ABC) [11,12]. These VAT B cells niches are housed in so-called fat-

associated lymphoid clusters (FALCS), that are induced during inflammation and are highly 

vascularized to support immune cell trafficking [13]. The authors used whole-mount staining 

of VAT-FALCS as a tool to provide three-dimensional information about the distribution of 

immune cells therein. This method generated sophisticated images of aged VAT-FALCS and 

found that AAB were in close contact with ATM, and that AAB expansion was supported 

not only by recruitment from lymphatic vessels but also by AAB replication. By depleting 

AAB, the authors improved insulin sensitivity (but not lipolysis) and reduced T regulatory 

cells (Treg) frequency and PD1 expression in aged mice. These data raise the possibility that 

AAB targeting could be exploited to arrest or reverse metabolic declines that associate with 

age, perhaps as an approach to extend healthspan [14]. The authors also showed that the 

activation of the NLRP3 inflammasome, a multiprotein complex responsible for triggering 

the protease activity that activates both pro-IL-1β and pro-IL-18 to regulate VAT 

inflammation and remodeling [15], was essential to increase AAB number, FALCS number 

and lipolysis by upregulating IL-18 and the IL-1β/IL-1βR axis through post-transcriptional 
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mechanisms. These findings extend the Dixit lab’s previous work on the NLRP3 

inflammasome, in which nerve-associated aged-ATM induce lipolysis resistance in a 

NLRP3-dependent fashion [16].

Mechanisms that promote AAB suggest further similarities with AT-B cells in obesity that 

hinge on critical metabolic regulators like leptin, an adipocyte cytokine that regulates 

appetite and insulin resistance [17,18]. Leptin levels increase in both obesity [19] and aging 

(75–99 years) [20], most likely due to the development of leptin resistance in both 

environments [21,22]. B cells express the long isoform of the class I cytokine leptin receptor, 

which is wired to signaling pathways that stimulate B cell proliferation and cytokine 

secretion [23] and can positively regulate B cell activation in people over 65 years of age 

[24]. Taken together, these data raise speculation that leptin may modulate AAB replication 

in FALCS (Figure 1), and control B cell number/function in obesity. Additional 

circumstantial evidence that leptin regulates AAB includes the demonstration that leptin is 

higher in females versus males [25] and that AAB expansion is higher in aged female mice. 

Future work aimed at pinpointing similarities/differences in B cell leptin responses will be 

necessary to test whether B cell physiology convergently evolves in obesity and aging. In 

this sense, it has been demonstrated that leptin modulates IL-18 secretion in LPS-stimulated 

monocytes during T2D-mediated inflammation through NLRP3-inflammasome and caspase 

1 activation [26], suggesting that leptin could be also be involved in upregulating IL-18 

secretion in AAB. Furthermore, growth hormone receptor (GHR) deficiency improves 

insulin sensitivity and obesity-mediated leptin resistance in humans [27], and abrogated 

GHR signaling in mice reduces NLRP3 activation that correlates with pro-longevity effects 

[28]. Taken together, these data point to leptin as an underlying mediator in reducing ABC 

and AAB in aged GHR-KO mice.

Although further investigations are needed, especially in humans, Camell and colleague’s 

discovery raises the possibility of using AAB depletion as immunotherapy tool aimed to 

improve age-associated metabolic complications, such as insulin resistance and lipolysis, 

with the ultimate goal of extending healthspan.

Acknowledgments

FUNDING

This work is supported by R01DK108056.

REFERENCES

1. World’s older population grows dramatically. Available from: https://www.nih.gov/news-events/
news-releases/worlds-older-population-grows-dramatically. Accessed 2020 Feb 13.

2. Finkelstein EA, Trogdon JG, Cohen JW, Dietz W. Annual Medical Spending Attributable To 
Obesity: Payer-And Service-Specific Estimates. Health Aff. 2019;28:w822–31.

3. Camell CD, Gunther P, Lee A, Goldberg EL, Spadaro O, Youm YH, et al. Aging Induces an Nlrp3 
Inflammasome-Dependent Expansion of Adipose B Cells That Impairs Metabolic Homeostasis. 
Cell Metab. 2019;30(6):1024–39.e6. doi: 10.1016/j.cmet.2019.10.006 [PubMed: 31735593] 

4. Lumeng CN, Bodzin JL, Saltiel AR. Obesity induces a phenotypic switch in adipose tissue 
macrophage polarization. J Clin Invest. 2007;117:175–84. [PubMed: 17200717] 

SantaCruz-Calvo et al. Page 3

Immunometabolism. Author manuscript; available in PMC 2020 April 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.nih.gov/news-events/news-releases/worlds-older-population-grows-dramatically
https://www.nih.gov/news-events/news-releases/worlds-older-population-grows-dramatically


5. Lumeng CN, Liu J, Geletka L, Delaney C, Delproposto J, Desai A, et al. Aging Is Associated with 
an Increase in T Cells and Inflammatory Macrophages in Visceral Adipose Tissue. J Immunol. 
2011;187(12):6208–16. doi: 10.4049/jimmunol.1102188 [PubMed: 22075699] 

6. Nishimura S, Manabe I, Nagasaki M, Eto K, Yamashita H, Ohsugi M, et al. CD8+ effector T cells 
contribute to macrophage recruitment and adipose tissue inflammation in obesity. Nat Med. 
2009;15(8):914–20. doi: 10.1038/nm.1964 [PubMed: 19633658] 

7. Winer DA, Winer S, Shen L, Wadia PP, Yantha J, Paltser G, et al. B cells promote insulin resistance 
through modulation of T cells and production of pathogenic IgG antibodies. Nat Med. 
2011;17(5):610–7. doi: 10.1038/nm.2353 [PubMed: 21499269] 

8. DeFuria J, Belkina AC, Jagannathan-Bogdan M, Snyder-Cappione J, Carr JD, Nersesova YR, et al. 
B cells promote inflammation in obesity and type 2 diabetes through regulation of T-cell function 
and an inflammatory cytokine profile. Proc Natl Acad Sci U S A. 2013;110(13):5133–8. doi: 
10.1073/pnas.1215840110 [PubMed: 23479618] 

9. Frasca D, Diaz A, Romero M, Thaller S, Blomberg BB. Secretion of autoimmune antibodies in the 
human subcutaneous adipose tissue. PLoS One. 2018;13:e0197472. [PubMed: 29768501] 

10. Shen L, Chng MH, Alonso MN, Yuan R, Winer DA, Engleman EG. B-1a lymphocytes attenuate 
insulin resistance. Diabetes. 2015;64(2):593–603. doi: 10.2337/db14-0554 [PubMed: 25249575] 

11. Rubtsova K, Rubtsov AV, Cancro MP, Marrack P. Age-Associated B Cells: A T-bet-Dependent 
Effector with Roles in Protective and Pathogenic Immunity. J Immunol. 2015;195(5):1933–7. doi: 
10.4049/jimmunol.1501209 [PubMed: 26297793] 

12. Hao Y, O’Neill P, Naradikian MS, Scholz JL, Cancro MP. A B-cell subset uniquely responsive to 
innate stimuli accumulates in aged mice. Blood. 2011;118(5):1294–304. doi: 10.1182/
blood-2011-01-330530 [PubMed: 21562046] 

13. Bénézech C, Luu N-T, Walker JA, Kruglov AA, Loo Y, Nakamura K, et al. Inflammation-induced 
formation of fat-associated lymphoid clusters. Nat Immunol. 2015;16(8):819–28. [PubMed: 
26147686] 

14. Wijsman CA, Rozing MP, Streefland TC, le Cessie S, Mooijaart SP, Slagboom PE, et al. Familial 
longevity is marked by enhanced insulin sensitivity. Aging Cell. 2011;10(1):114–21. doi: 10.1111/
j.1474-9726.2010.00650.x [PubMed: 21070591] 

15. Unamuno X, Gómez-Ambrosi J, Ramírez B, Rodríguez A, Becerril S, Valenti V, et al. NLRP3 
inflammasome blockade reduces adipose tissue inflammation and extracellular matrix remodeling. 
Cell Mol Immunol. 2019;1–13. 10.1038/s41423-019-0296-z

16. Camell CD, Sander J, Spadaro O, Lee A, Nguyen KY, Wing A, et al. Inflammasome-driven 
catecholamine catabolism in macrophages blunts lipolysis during ageing. Nature. 
2017;550(7674):119–23. doi: 10.1038/nature24022 [PubMed: 28953873] 

17. Kieffer TJ, Heller RS, Leech CA, Holz GG, Habener JF. Leptin suppression of insulin secretion by 
the activation of ATP-sensitive K+ channels in pancreatic beta-cells. Diabetes. 1997;46(6):1087–
93. [PubMed: 9166685] 

18. Covey SD, Wideman RD, McDonald C, Unniappan S, Huynh F, Asadi A, et al. The pancreatic beta 
cell is a key site for mediating the effects of leptin on glucose homeostasis. Cell Metab. 
2006;4(4):291–302. [PubMed: 17011502] 

19. Myers MG Jr, Leibel RL, Seeley RJ, Schwartz MW. Obesity and leptin resistance: distinguishing 
cause from effect. Trends Endocrinol Metab. 2010;21(11):643–51. doi: 10.1016/j.tem.2010.08.002 
[PubMed: 20846876] 

20. Paolisso G, Ammendola S, Del Buono A, Gambardella A, Riondino M, Tagliamonte MR, et al. 
Serum Levels of Insulin-Like Growth Factor-I (IGF-I) and IGF-Binding Protein-3 in Healthy 
Centenarians: Relationship with Plasma Leptin and Lipid Concentrations, Insulin Action, and 
Cognitive Function. J Clin Endocrinol Metab. 1997;82(7):2204–9. [PubMed: 9215295] 

21. Gabriely I, Ma XH, Yang XM, Rossetti L, Barzilai N. Leptin resistance during aging is 
independent of fat mass. Diabetes. 2002;51(4):1016–21. [PubMed: 11916920] 

22. Wang ZW, Pan WT, Lee Y, Kakuma T, Zhou YT, Unger RH. The role of leptin resistance in the 
lipid abnormalities of aging. FASEB J. 2001;15(1):108–14. [PubMed: 11149898] 

SantaCruz-Calvo et al. Page 4

Immunometabolism. Author manuscript; available in PMC 2020 April 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



23. Agrawal S, Gollapudi S, Su H, Gupta S. Leptin Activates Human B Cells to Secrete TNF-α, IL-6, 
and IL-10 via JAK2/STAT3 and p38MAPK/ERK1/2 Signaling Pathway. J Clin Immunol. 
2011;31(3):472–8. doi: 10.1007/s10875-010-9507-1 [PubMed: 21243519] 

24. Gupta S, Agrawal S, Gollapudi S. Increased activation and cytokine secretion in B cells stimulated 
with leptin in aged humans. Immun Ageing. 2013;10(1):3. doi: 10.1186/1742-4933-10-3 
[PubMed: 23343052] 

25. Saad MF, Damani S, Gingerich RL, Riad-Gabriel MG, Khan A, Boyadjian R, et al. Sexual 
Dimorphism in Plasma Leptin Concentration. J Clin Endocrinol Metab. 1997;82(2):579–84. 
[PubMed: 9024258] 

26. Jitprasertwong P, Jaedicke KM, Nile CJ, Preshaw PM, Taylor JJ. Leptin enhances the secretion of 
interleukin (IL)-18, but not IL-1β, from human monocytes via activation of caspase-1. Cytokine. 
2014;65(2):222–30. doi: 10.1016/j.cyto.2013.10.008 [PubMed: 24275551] 

27. Guevara-Aguirre J, Rosenbloom AL, Balasubramanian P, Teran E, Guevara-Aguirre M, Guevara C, 
et al. GH Receptor Deficiency in Ecuadorian Adults Is Associated With Obesity and Enhanced 
Insulin Sensitivity. J Clin Endocrinol Metab. 2015;100(7):2589–96. doi: 10.1210/jc.2015-1678 
[PubMed: 25985182] 

28. Spadaro O, Goldberg EL, Camell CD, Youm YH, Kopchick JJ, Nguyen KY1, et al. Growth 
Hormone Receptor Deficiency Protects against Age-Related NLRP3 Inflammasome Activation 
and Immune Senescence. Cell Rep. 2016;14(7):1571–80. doi: 10.1016/j.celrep.2016.01.044 
[PubMed: 26876170] 

SantaCruz-Calvo et al. Page 5

Immunometabolism. Author manuscript; available in PMC 2020 April 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
(A) Schematic representation of possible differences in VAT-resident immune cells (blue: 

AAB, green: macrophages, pink: Treg, teal: Breg; couls also be B1-a), pro-inflammatory 

cytokines (yellow: IL-1β, dark blue IL-18), anti-inflammatory cytokine (teal: IL-10) and 

leptin (purple) levels secreted by the adipocytes in young and aged-VAT-FALCS. (B) 

Schematic representation of some of the key players involved in the expansion of AAB in 

aged-VAT-FALCS showing the activation of the NLP3 inflammasome, caspase 1, IL-1β 
receptor (IL-1βR) and the possible activation of leptin receptor (LepR).
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