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MCP-1 contributes to macrophage infiltration into
adipose tissue insulin resistance and hepatic
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Adipocytes secrete bioactive molecules, which are called adipokines.
Adipokines, including TNFalpha, IL-6, FFA, resistin, adiponectin or leptin
affect the insulin sensitivity in liver and skeletal muscle and regulate
metabolism in vivo.

We investigated tissue distribution of MCP-1 in genetically obese diabetic
db/db mice. MCP-1 expression in WAT and BAT was increased in db/db mice
compared to the control mice. Plasma MCP1 concentration was also
increased, approximately two-folds elevated in db/db mice compared to the
control mice.In high-fat diet induced obese mice, MCP-1 mRNA expression
was also increased in WAT and BAT. And plasma concentration was also
increased, approximately two folds elevated in HFD-induced obese mice as
well. MCP-1 is a potent monocyte chemoattractant factor. And recently, it
has been reported macrophages were infiltrated into adipose tissues of obese
animals. So, we performed immunohistochemical analysis of epidytimal
white adipose tissues using Mac-3, anti-macrophage specific antibody. And
we comformed that M®s were actually infiltrated into eWAT in db/db mice
and HFD-induced obese mice.

To investigate the primary effects of increased MCP-1 expression in adipose tissue,
we generated transgenic mice in which MCP-1 is overexpressed specifically in
adipocytes using aP2 promoter. Low grade expression lines of the transgenic
mice showed approximately 3-fold increase of plasma MCP1 concentration.
This fold increase is similar to that of db/db mice or HFD-induced obese mice
compared to the control mice, respectively. So, This Tg mice are appropriate
models to investigate the pathological role of increased MCP-1 expression in obese
mice. Therefore, we conducted subsequent analyses with this low grade expression
(MCP-1 Tg-B) mice compared to WT littermates mice. Fasting plasma glucose and
serum FFA were significantly higher in Tg mice than in control mice. M®s were
actually infiltrated into adipose tissue in Tg mice by immunohistochemical analysis and
quantitative real time-RT-PCR analysis. And the Tg mice showed increased
hepatic TG content and manifested both insulin resistance and glucose intolerance
in insulin and glucose tolerance tests, respectively.

We next examined MCP-1 homozygous knockout mice to investigate whether the
increased MCP-1 in adipose tissue contributes to obesity-induced insulin resistance.
Immunohistochemical analysis using the Mac3 Ab also showed macrophage infiltration
into adipose tissue induced by high fat diet was markedly inhibitide in MCP-1 knockout
mice. Quantitative real time-RT-PCR analysis also supports the consequence.

In metabolic parameters, serum FFA and plasma insulin level were both
significantly decreased in MCP-1 knockout mice compared to that in control mice on
HFD. Serum adiponectin level was significantly higher in MCP-1 knockout mice.

In KO mice, HFD induced hepatic steatosis was protected, and hepatic TG content was
lower than in WT mice.And insulin resistance and glucose intolerance induced by high
fat diet were both protected in MCP-1 knockout mice. These results suggest that MCP-1
plays an important role in the pathogenesis of the macrophage infiltration into adipose
tissue, insulin resistance, and hepatic steatosis which were induced by high fat diet.

And then, To examine whether acute loss of MCP-1 function could ameliorate
obesity-induced insulin resistance, we inhibited MCP-1 activity by expressing a
dominant negative mutant of MCP-1 (7ND) in vivo.
7TND expression reduced hepatic triglyceride content of db/db mice by approximately
50%. Furthermore, 7ND ameliorated insulin resistance in db/db mice compared to the
control db/db mice injected with the empty vector. And expression of 7ND also
significantly increased both insulin sensitivity and glucose tolerance in high fat
diet-induced obese mice in ITT and IPGTT, respectively These results suggest that even
after development of obesity, acute inhibition of increased MCP-1 activity by
expressing a dominant negative mutant of MCP1 ameliorated insulin resistance and
hepatic steatosis.

These findings suggest that an increase in MCP-1 expression in adipose tissue
contributes to the macrophage infiltration into this tissue, insulin resistance, and hepatic
steatosis associated with obesity in mice.
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