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ABSTRACT

Virus infection, inflammation and genetic factors play important roles in the pathogenesis of diabetes mellitus. The
role of chronic inflammation in the pathogenesis of diabetes mellitus and associated complications is increasingly
recognized. In all classes of immunoglobulin, the light chains comprise 1 of 2 subtypes, known as kappa and lambda.
Immunoglobulin light chains are synthesized in excess during the generation and assembly of complete
immunoglobulins, and can be found in the circulation under normal physiological conditions, whereas during
inflammatory conditions, greatly enhanced concentrations are found in various body fluids. Nuclei factor kappa B
(NF-kB), originally identified as a family of transcription factors that bind the enhancer of the immunoglobulin
kappa light chain gene of B cells, plays critical roles in the development, survival, and activation of B cells, and its
activation is a critical mechanism of the inflammatory cascade in the development of diabetes. Recently, we found
that circulating immunoglobulin Free Light Chain (FLC) lambda is increased in patients with diabetes mellitus, and
FLC lambda and kappa/lambda ratio have been shown to be more specific and sensitive diagnostic markers for
diabetes mellitus than hemoglobin Alc. Therefore, FLCs may represent promising potential biomarkers of
inflammation which may reflect activation of NF-kB. We suggest that NF-kB could represent a target for new types of
anti-inflammatory prevention and treatment for diabetes when FLCs are elevated, and FLCs could be a surrogate
endpoint of the preventions and treatment of diabetes mellitus.
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INTRODUCTION

Diabetes mellitus is a metabolic disorder which is characterized

Role of inflammation in the pathogenesis of
diabetes mellitus

by hyperglycemia and glucose intolerance due to insulin
deficiency, impaired action of insulin action or, both. Type 1
diabetes mellitus (T1IDM) is caused by autoimmune destruction
of pancreatic islet beta-cells leading to loss of insulin production.
Type 2 diabetes mellitus (T2DM) is more common in older
people with overweight. There is evidence that virus infection,
inflammation and genetic factors play important roles in the

pathogenesis of TIDM and T2 DM [1-3].

LITERATURE REVIEW

The human enteroviruses are common picornaviruses often
implicated as triggers of human TIDM. Among them,
coxsackieviruses B have been reported to be most commonly
associated with T1IDM [1,2]. Hepatitis C virus infection, and the
presence of insulin resistance and the new onset of T2DM have
been reported [4-6]. The molecular mechanism remains to be
clarified, but oxidative stress, cytokines, inhibition of insulin
signaling, and reduced expression of glucose transporters may be
part of the mechanism [4]. These viral infections may induce
inflammation and immune activation, and may develop
diabetes. TIDM is believed to be an autoimmune disorder and it
is characterized by the destruction of pancreatic B cells by the
immune system, which leads to lifelong dependency on
exogenous insulin. Although T cells are considered to be
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responsible for B-cell destruction in TIDM, increasing evidence
suggests that B cells may play an important role in the
pathogenesis of the disease [7]. TIDM and T2DM are
characterized by chronic inflammation; both diseases involve
pancreatic islet inflammation, while systemic low-grade
inflammation is a feature of obesity and T2DM. Longterm
activation of the immune system impairs insulin secretion and
action, and inflammation also contributes to vascular
complications of diabetes [8]. Inflammatory response may
contribute to T2DM occurrence by causing insulin resistance,
and induce hyperglycemia to promote long-term complications
of diabetes [9]. The role of chronic inflammation in the
pathogenesis of T2DM and associated complications is
increasingly recognized, as evidenced by the commonly elevated
levels of serum interleukin(IL)-1 beta (IL-1B), IL-6, and C-
reactive protein in patients with T2DM [10]. Therapeutic
interventions to counteract metabolic inflammation can
improve insulin secretion, action and glucose control and may
prevent longterm complications [11]. Nuclear factor kappa B
(NF-kB) consists of a family of transcription factors, which
regulate the inflammatory response of vascular cells, by
transcription of various cytokines which causes an increased
adhesion of monocytes, neutrophils, and macrophages, resulting
in cell damage [3]. NF-kB is activated by TNFa and IL-1 next to
hyperglycemia, the advanced glycation  end-products,
angiotensin-II, oxidized lipids, and insulin. Once activated, NF-
kB translocate from the cytoplasm to the nucleus to activate
gene transcription. NF-kB-regulated genes are adhesion
molecules, IL-1, IL-6, IL-8 and other molecules which may play
important roles in inflammation [3].

Immunoglobulin free light chains as new
biomarkers of diabetes

In all classes of immunoglobulin, the light chains comprise 1 of
2 subtypes, known as kappa and lambda. Immunoglobulin light
chains are synthesized in excess during the generation and
assembly of complete immunoglobulins and can be found in the
circulation under normal physiological conditions, whereas
during  inflammatory  conditions,  greatly  enhanced
concentrations are found in various body fluids [12]. B cells play
multiple functions. Following differentiation into plasma cells,
they secrete antibodies into the body fluids. Autoantibodies can
contribute to the pathogenesis of autoimmune diseases in
multiple ways [13]. We found that circulating immunoglobulin
free light chains (FLCs) were increased in mice with heart failure
due to viral myocarditis [12]. More recently, we found that
circulating FLC lambda is increased and kappa/lambda ratio
was lower in the sera from patients with heart failure with
myocarditis than in healthy controls, and FLC lambda and
kappa/lambda ratio had good diagnostic ability for
identification of heart failure with myocarditis. Further, FLC
kappa/lambda ratio was an independent prognostic factor for
overall survival [14]. We also found that FLCs are increased in
patients with atrial fibrillation which is an important risk factor
of stroke suggesting that atrial fibrillation is an inflammatory
disease [15]. As FLCs could be biomarkers of activation of NF-
kB, inflammation, and immune responses, we recently
measured FLCs in the patients with T2ZDM. The concentration
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of circulating FLC lambda was higher, and the kappa/lambda
ratio was lower in patients with T2DM than in healthy
volunteers [16]. The area under the receiver operating curve
(ROC-AUC) of the FLC lambda and kappa/lambda ratio was
larger than that of hemoglobin Alc. Thus, sensitivity, and
specificity for the diagnosis of T2DM of FLC lambda and
kappa/lambda ratio were larger than HbAlc [16]. As a critical
mechanism of the inflammatory cascade in developing T2ZDM is
NF-kB activation [17], it is highly interesting that the results of
this study indicate FLC lambda and kappa/lambda ratio are
more specific and sensitive diagnostic for T2DM than HbAlc.
They therefore represent promising potential biomarkers of
inflammation which may reflect activation of NF-kB. Recently,
we also found that FLC lambda was higher and kappa/lambda
ratio was lower in patients with TIDM as seen in those with
T2DM (unpublished observation). Although why specific
activation of FLC lambda expression would occur in this
situation is as yet unknown, but it may suggest that the clones of
B lymphocytes and plasma cells which produce FLC lambda may
specifically be activated in diabetes [16]. It is also possible that
FLC kappa and lambda are differently regulated because NF-kB
may not exercise control of the production of FLC kappa and
FLC lambda in the same manner [16]. We suggest that NF-kB
could represent a target for new types of anti-inflammatory
treatment for diabetes when FLCs are elevated with FLCs could
be surrogate endpoint of the treatment of diabetes.

Therapeutic interventions using new biomarkers of
diabetes

Agents with anti-inflammatory actions can have beneficial
effects to improving insulin sensitivity. Pharmacological
inhibition of proinflammatory pathways that drive insulin
resistance may be promising for therapeutic intervention [18].
As discussed above, NF-kB pathway is one of the key mediators
of inflammation, and this pathway is activated by genotoxic,
oxidative and inflammatory stress, and regulates expression of
cytokines, growth factors, thus the inhibition of NF-kB may lead
to delayed onset of diabetes. One of the examples is metformin.
Metformin is commonly used as an anti-diabetic medication in
T2DM throughout the world. Although metformin has the
pleiotropic effects, it been shown to inhibit the expression of
NF-kB gene, and suppress inflammatory responses [19]. Thus,
anti-diabetic effects of metformin could be explained by its anti-
inflammatory effect. We suggest that NF-kB could represent a
target for new types of anti-inflammatory treatment for diabetes
when FLCs are elevated, and FLCs could be a surrogate
endpoint of the prevention and treatment of diabetes mellitus.

CONCLUSION

Circulating FLCs are specific and sensitive diagnostic markers
for diabetes mellitus. They may represent promising potential
biomarkers of inflammation which may reflect activation of NF-
kB. NF.kB could represent a target for new types of anti-
inflammatory prevention and treatment for diabetes when FLCs
are elevated, and FLCs could be a surrogate endpoint of the
treatment of diabetes.
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