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Relationship between NK cells and insulin resistance
in adipose tissue
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Visceral obesity is closely related to insulin resistance, but the exact mechanism is
not clear. In recent years, the role of immune inflammation in metabolic diseases has
attracted more and more attention in the academic field. Recent studies have confirmed
that some cytokines and inflammatory mediators secreted by the immune cells in
dipose tissue involved in insulin resistance. NK cells act as an important regulator
and play an important role in obesity induced macrophage polarization and insulin
resistance in the visceral adipose tissue. This review will explain the relationship
between NK cells and insulin resistance in visceral adipose tissue and the mechanism
of insulin resistance.
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Mini review
As a consequence of sustained over nutrition, obesity has become
epidemic in many countries worldwide. The prevalence rates are
continuing to increase, most rapidly in developing countries. Obesity
predisposes individuals to an increased risk of developing several
diseases, including atherosclerosis, diabetes, non-alcoholic fatty
liver disease and some certain cancers. Obesity, in particular visceral
obesity, which is accumulation of adipose tissue inside the abdominal
cavity, is associated with resistance to the effects of insulin [IR
(insulin resistance)], often leading to the development of T2DM (Type
2 diabetes mellitus). In addition to these associations between obesity
and disease, research in the past few years has identified important
pathways that link metabolism with the immune system and vice
versa. Many of these interactions between the metabolic and immune
systems seem to be orchestrated by a complex network of soluble
mediators derived from immune cells and adipocytes.1,2 Obesity
induced inflammation is the basis for the development of insulin
resistance and type 2 diabetes. The most common underlying cause is
central obesity, although insulin resistance is also possible in normalweight individuals. Excess abdominal adipose tissue has been shown
to release increased amounts of free fatty acids, tumor necrosis factor
α (TNFα), adiponectin, leptin, IL-6 and some other adipokines, which
affect insulin signalling.3 The inflammatory response is mediated by
immune cells in adipose tissue, macrophages infiltrate adipose tissue
during obesity and contribute to insulin resistance.4 In recent years it
has been discovered that tissue-resident NK cells are key regulators of
macrophage polarization and insulin resistance in response to obesityinduced adipocyte stress.5 Visceral adipose tissue is more closely
associated with insulin resistance than subcutaneous adipose tissue,
according to the report.6 NK cells, acting as an important immune
cell, may be a cause of the different relationship between the two
depot adipose tissue (visceral adipose tissue, VAT and subcutaneous
adipose tissue, SAT) and insulin resistance.

NK cells
NK cells, namely natural killer cells, are a group of heterogeneous
multi-functional immune cells. It is a kind of killer cells with natural
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cytotoxic activity, different from T, B lymphocytes and cytotoxic
T cells. NK cells are widely distributed in the blood, liver, spleen,
lung and other organs, but also in the thymus, lymph nodes and
bone marrow. In obese subjects, adipose tissue NK cells (ATNK)
are comprised of a greater percent of CD56bright cells, compared to
peripheral blood NK cells (PBNK). ATNK in obese subjects express
higher levels of activation markers, including CD158, NKG2D,
NKp46, and CD27. CD56bright NK cells within adipose tissue are
prone to secrete cytokines promoting adipose tissue inflammation.7,8

Sources of NK cells in visceral adipose tissue
A number of different cell types contribute to the cellular
architecture of adipose tissue. Although the adipocyte is functionally
making important contributions to systemic metabolic homeostatis,
several additional cell types contribute a supportive role to bestow
maximal flexibility on the tissue with respect to many biosynthetic
and catabolic processes, depending on the metabolic state. These cells
include vascular endothelial cells, a host of immune cells, adipocyte
precursor cells and fibroblasts. These cell types give rise to a tissue
with remarkable flexibility with respect to expansion and contraction,
while optimizing the ability of the tissue to act as an endocrine organ
through the release of many protein factors, critically influencing
systemic lipid homeostasis and biochemically contributing many
metabolites.9 Obesity drives immune cells to accumulate in visceral
adipose tissue. Compared with that of neutrophils, the increase
in the numbers of adipose tissue NK cells appears to be delayed,
occurring in weeks, rather than days after the start of HFD feeding.10
Animal experiments show that fat in obese subjects generated a local
environment that supported greater numbers of NK cells. The obesityinduced increase in the number of NK cells in the VAT is probably
primarily due to local proliferation.5

Relationship between NK cells and insulin resistance
in visceral adipose tissue
Insulin resistance (IR) is a state of attenuated response of target
tissues to insulin, resulting in its inability to provide normal glucose and
lipid homeostasis. It arises from central Obesity.11 Insulin resistance
is a common cause of metabolic syndrome and type 2 diabetes
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mellitus. Insulin resistance in the adipose tissue affects systemic lipid
and glucose homeostasis.12 The intracellular cytokine production
and cell surface marker expression of NK cells were influenced by
heterogeneous cocktail of human adipokines. Adipokine may induce
release of autoimmune inflammatory mediators to activate NK cells
which contributing to chronic low-grade inflammatory state13 and
this inflammation causes insulin resistance. A study on transgenic
mouse model indicates that NK cell ablation was associated with
decreased total macrophage infiltration in intra-abdominal adipose
tissue, but macrophage infiltration in subcutaneous adipose tissue
and spleen was unaffected. NK cell ablation was associated with
modest improvement in insulin sensitivity but had no effect on tissue
transcript levels of inflammatory cytokines. Thus NK cells play a role
in promoting intra-abdominal adipose tissue macrophage infiltration
and systemic insulin resistance in obesity.14

Pathogenesis of insulin resistance induced by NK cells
There is increasing evidence showing that inflammation of
VAT is an important pathogenic mediator of the development of
obesity-induced insulin resistance. It is now generally accepted that
tissue-resident immune cells play a major role in the regulation of
obesity-induced inflammation. All published studies strongly show
that obesity increases the numbers of total and CD11c+ adipose
tissue macrophages (ATMs) and that the infiltrating ATMs express
high levels of pro-inflammatory cytokines such as TNFα, and then
contribuce to inflammation and insulin resistance in adipose tissue.
These supports the notion that ATMs regulate the development of
systemic insulin resistance in obesity.15 Animal experiments show
that high-fat diet (HFD) increases NK cell numbers and the production
of proinflammatory cytokines, notably TNFa, in epididymal, but
not subcutaneous, fat depots. The loss of epididymal NK cells
improves obesity-induced insulin resistance, while NK cell expansion
exacerbates the condition. NK cells and ATMs together create a selfamplifying proinflammatory adipose tissue milieu that promotes
insulin resistance. Thus, epididymal NK cells are more likely to alter
ATM functions and metabolic homeostasis by secreting inflammatory
modulators.16
Obesity drove the upregulation of ligands of the NK cell-activating
receptor NCR1 on adipocytes; this stimulated NK cell proliferation
and interferon-γ (IFN-γ) production, which in turn triggered the
differentiation of proinflammatory macrophages and promoted insulin
resistance. Deficiency of NK cells, NCR1 or IFN-γ prevented the
accumulation of proinflammatory macrophages in VAT and greatly
ameliorated insulin sensitivity. Thus NK cells are key regulators of
macrophage polarization and insulin resistance in response to obesityinduced adipocyte stress.5

The different relationship between VAT, SAT and
insulin resistance may be related to NK cells
Adipose tissue distributed in the abdominal visceral carry a
much greater risk for metabolic disorders than does adipose tissue
distributed subcutaneously. The health risks associated with obesity
vary depending on the location of adipose tissue. Rather, different
adipose depots have different properties that can make important
consequences on health.17 VAT is associated with insulin resistance,
diabetes mellitus, dyslipidaemia, hypertension, atherosclerosis,
hepatic steatosis, and overall mortality, whereas SAT have intrinsic
beneficial metabolic properties.18 VAT is characterized by an
inflammatory response in the presence of obesity, which is mediated
by a large number of inflammatory cytokines, and is currently believed
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to be associated with a large increase in the number of immune cells
in the VAT.19 NK cells, acting as an important immune cell, may be
a cause of the different relationship between the two depot adipose
tissue (VAT and SAT) and insulin resistance.

Conclusion
Although dietary and lifestyle modifications can be effective for
the treatment of obesity and prevention of diabetes, these lifestyle
changes are difficult to maintain and regain of weight is typical.
The primary cause of T2DM is obesity-driven insulin resistance.20
So the mechanism of insulin resistance is helpful to understand the
pathogenesis, early diagnosis and new therapeutic target of diabetes.
The relationship of NK cells in adipose tissue and insulin resistance
provides a new perspective of diabetic pathogenesis. The NK cellmacrophage axis in adipose tissue therefore is a promising new target
for the treatment of patients with metabolic syndrome to reduce the
risk of progression to type 2 diabetes mellitus.

Acknowledgments
This work was supported by Natural Science Foundation of Young
scholars (Grant no. 81600643).

Conflict of interest
Author declares that there is no conflict of interest.

References
1. Herbert Tilg, Alexander R Moschen. Role of adiponectin and PBEF/
visfatin as regulators of inflammation: involvement in obesity-associated
diseases. Clin Sci (Lond). 2008;114(4):275‒288.
2. Herbert Tilg, Alexander R Moschen. Adipocytokines: mediators
linking adipose tissue, inflammation and immunity. Nat Rev Immunol.
2006;6(10):772‒783.
3. Mlinar B, Marc J, Janez A, et al. Molecular mechanisms of insulin
resistance and associated diseases. Clin Chim Acta. 2007;375(1‒2):20‒35.
4. Lumeng CN, Bodzin JL, Saltiel AR. Obesity induces a phenotypic
switch in adipose tissue macrophage polarization. J Clin Invest.
2007;117(1):175‒184.
5. Wensveen FM, Jeleni V, Valenti S, et al. NK cells link obesity-induced
adipose stress to inflammation and insulin resistance. Nat Immunol.
2015;16(4):376‒385.
6. Jung SH, Ha KH, Kim DJ. Visceral Fat Mass Has Stronger Associations
with Diabetes and Prediabetes than Other Anthropometric Obesity
Indicators among Korean Adults. Yonsei Med J. 2016;57(3):674‒680.
7. Robert WO’Rourke, Garen D Gaston, Kevin A Meyer, et al. Adipose
tissue NK cells manifest an activated phenotype in human obesity.
Metabolism. 2013;62(11):1557‒1561.
8. Ferlazzo G, Thomas D, Lin SL, et al. The abundant NK cells in human
secondary lymphoid tissues require activation to express killer cell Iglike receptors and become cytolytic. J Immunol. 2004;172(3):1455‒1462.
9. Philipp E Scherer. The Multifaceted Roles of Adipose Tissue-Therapeutic
Targets for Diabetes and Beyond: The 2015 Banting Lecture. Diabetes.
2016;65(6):1452‒1461.
10. Felix M Wensveen, Sonja Valenti´estan M, Turk Wensveen T, et al. The
“Big Bang” in obese fat: Events initiating obesity-induced adipose tissue
inflammation. European journal of immunology. 2015;45(9):2446‒2456.
11. Barbara Mlinar, Janja Marc. New insights into adipose tissue dysfunction
in insulin resistance. Clin Chem Lab Med. 2011;49(12):1925‒1935.

Citation: Zhao J, Zhou S,Yu P. Relationship between NK cells and insulin resistance in adipose tissue. J Diabetes Metab Disord Control. 2016;3(7):161‒163.
DOI: 10.15406/jdmdc.2016.03.00091

Relationship between NK cells and insulin resistance in adipose tissue

12. Victoria LB Nelson, Ya-Ping Jiang, Kathleen G Dickman, et al. Adipose
tissue insulin resistance due to loss of PI3K p110 leads to decreased
energy expenditure and obesity. Am J Physiol Endocrinol Metab.
2014;306(10):E1205‒E1216.
13. Lena Huebner, Stefan Engeli, Christiane D Wrann, et al. Human NK
cell subset functions are differentially affected by adipokines. Plos One.
2013;8(9):e75703.
14. Robert WO’Rourke, Kevin A, Christopher K Neeley, et al. Systemic
NK cell ablation attenuates intra-abdominal adipose tissue macrophage
infiltration in murine obesity. Obesity. 2014;22(10):2109‒2114.
15. Byung-Cheol Lee, Jongsoon Lee. Cellular and molecular players in
adipose tissue inflammation in the development of obesity-induced
insulin resistance. Biochim Biophys Acta. 2014;1842(3):446‒462.

Copyright:
©2016 Zhao et al.

163

16. Byung-Cheol Lee, Myung-Sunny Kim, Munkyong Pae, et al. Adipose
Natural Killer Cells Regulate Adipose Tissue Macrophages to Promote
Insulin Resistance in Obesity. Cell Metabolism. 2016;23(4):685‒698.
17. Shi H, Seeley RJ, Clegg DJ. Sexual differences in the control of energy
homeostasis. Front Neuroendocrinol. 2009;30(3):396‒404.
18. Gil A1, Olza J, Gil-Campos M, et al. Is adipose tissue metabolically
different at different sites? Int J Pediatr Obes. 2011;6(Suppl 1):13‒20.
19. Stuart P Weisberg, Daniel Mc Cann, Manisha Desai, et al. Obesity is
associated with macrophage accumulation in adipose tissue. J Clin
Invest. 2003;112(12):1796‒1808.
20. Christine M Kusminski, Perry E Bickel, Philipp E Scherer. Targeting
adipose tissue in the treatment of obesity-associated diabetes. Nature
Reviews Drug Discovery. 2016;639–660.

Citation: Zhao J, Zhou S,Yu P. Relationship between NK cells and insulin resistance in adipose tissue. J Diabetes Metab Disord Control. 2016;3(7):161‒163. DOI:
10.15406/jdmdc.2016.03.00091

