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Macrophage migration inhibitory factor may contribute to
hypertrophy of lumbar ligamentum flavum in type 2 diabetes

mellitus
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To the Editor: Lumbar spinal canal stenosis (LSCS) is a
common disease among older individuals. Hypertrophic
lumbar ligamentum flavum (LLF) plays a vital role in the
pathogenesis of LSCS. The physiological LLF is a kind of
dense connective tissue with thickness of 2 to 4 mm,
which is mainly composed of fibroblasts and extracellular
matrix (ECM). ECM contains elastic, collagen fibers and
ground substances. The distribution characteristics of
fibers show that a large number of elastic fibers are mixed
with a small amount of the collagen fibers; mainly type I
and type III collagen fibers. These fibers are arranged
tightly and regularly along the direction of column’s axis.
The LLF is located in the dorsal part of the dura mater of
the spinal canal, and it attaches to the upper border and
lower parts of anterior surfaces of the laminas. The
hypotrophy of LLF is the consequence of several factors
such as aging, inflammatory process, stress loading and
genetic predisposition. Once the hypertrophy of LLF
occurs, it can cause the stenosis for the central spinal
canal, nerve root canal and intervertebral foramen. This
pathology can lead to low back pain, sciatica, and even
urinary and bowel disorders.

Fibrosis is the main cause of the LLF hypertrophy. The
micro cosmic morphology study has found obviously
increased thickness and brittleness in the hypertrophic
LLF. Proinflammatory reaction plays an important role in
the LLF’s fibrosis. Increased matrix metalloproteinase
(MMP) expression in LLF is accompanied by degradation
of elastic fibers and increased quantity of the collagen
fibers. Inflammatory stimulus leads to the proliferation of
fibroblasts, and collagen fibers that are secreted by those
fibroblasts becomes disordered in arrangement. The
proliferation of fibroblasts and these increased and
disorganized collagen fibers mainly contribute to the
hypertrophy of LLF.
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Previous studies have implicated the proinflammatory
factors including interleukin (IL)-1a, IL-6, tumor necrosis
factor (TNF)-a, prostaglandin E2 (PGE2), nitric oxide
(NO), MMP13 and transforming growth factor (TGF)-1
as a potential contributor in the pathogenesis of LLF
hypertrophy.!"! Among them, IL-1a, IL-6, TNF-a, PGE2,
and NO can lead to the excessive expression of collagen
fibers: type I collagen by IL-1a and IL-6, whereas type III
collagen by TNF-a, PGE2, and NO. Studies have shown
that MMP-13 plays a crucial role in the degeneration of
elastic fibers.""! In addition, TGF-B1, as a multifunctional
growth factor, not only participates in the synthesis of
ECM proteins, but also promotes the proliferation and
differentiation of the fibroblasts. Therefore, these inflam-
matory mediators constitute a complicated regulation

networks and get involved in the morphological changes
of LLF.

Previous studies have demonstrated that the mechanical
degeneration of spine causes micro-injury to LLF and
induces inflammatory reaction. However, more and more
scholars have started paying attention to the role of
metabolic factors in the inflammatory reaction for LLF
hypertrophy. Researchers have shown a definite relation-
ship between LSCS and systemic diseases; especially, type 2
diabetes mellitus (T2DM).!?! They have shown that the
LLFs in T2DM patients have more obvious infiltration of
macrophages and its thickness is more than those in non-
diabetic group. T2DM was always associated with
decreased expression of elastin fiber loss in LLF caused
by higher expression of MMP-13. However, the potential
pathogenesis underlying LLF hypertrophy remains to be
fully elucidated.

Macrophage migration inhibitory factor (MIF) is a
multipotent soluble protein with obvious pro-inflam-
matory and chemotactic function. In addition to the
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Figure 1: Immunohistochemistry result of LLF from T2DM+ showed more fibroblasts proliferation and obvious MIF positive staining which was distributed both in fibroblasts and ECM (A);
immunohistochemistry result of LLF from T2DM— showed less MIF positive staining and less fibroblasts proliferation (B) (original magnification x 100, original magnification =400 at left
bottom of each picture). ECM: Extracellular matrix; MIF: Macrophage migration inhibitory factor; LLF: Lumbar ligamentum flavum; T2DM: Type 2 diabetes mellitus.

activated T cells, human islet beta cells, macrophages,
eosinophils, basophlis, and adipocytes can also secrete
this multipotent protein. Previous studies have identified
some polymorphisms in the gene promoter region of
MIF which are associated with T2DM. A study revealed
that the concentration of MIF in serum of T2DM
patients was significantly higher than that in the normal
people.?) MIF was an important mediator in the
development of T2DM itself and its complications.
Some scholars have proposed that MIF could be a new
predictor of metabolic disturbances and complications
in T2DM. In 2018, Mokshagundam!¥ has proposed
that MIF could be applied as a potential target for
T2DM prevention. As mentioned above, IL-6, IL-1a,
TNF-a, TGF-B1, and MMP-13 played a vital role in the
fibrosis of LLF, and it has been proven that MIF could
promote the expression of these factors. Moreover,
scholars have found that MIF could promote myocar-
dial fibrosis and fibroblast proliferation through Src
kinase signaling pathway.'’) However, the relationship
between MIF and ligamentum flavum matrix and
fibroblasts in T2DM patients has not be established
yet after thorough literature review.

Higher concentration of MIF in the LLF of T2DM
patients might be the underlying pathogenesis of LLF
hypertrophy. To study the pathological differences
between the LSCS patients with or without T2DM, 19
hypertrophic LLF samples from LSCS patients with
T2DM (T2DM+; n=9) and without T2DM (T2DM—;
n=10) were obtained during their lumbar surgery. LLF
thickness was 5.9+ 0.3mm in T2DM+ group and
5.1+0.2 in T2DM— group (¢=2.398; P=0.028) by
Jong-Beom Park method. The concentration of MIF was
366.7 +20.1 pg/mg protein in T2DM+ group and
207.3 £19.1 pg/mg protein in T2DM— group (¢ =5.740;
P <0.001) by enzyme-linked immunosorbent assay.
Therefore, the differences of LLF thickness and concen-
tration of MIF between two groups were statistically
significant. Statistics analysis also revealed that the MIF
concentration in LLF had a positive correlation with its
thickness (r=0.686, P=0.001). More positive staining
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was found both in nucleus of the fibroblasts and matrix
of T2DM+ LLF using immunohistochemistry as com-
pared to that from T2DM— patients [Figure 1]. By these
results, we reasonably hypothesize that MIF may
contributes to the fibrosis and hypertrophy of the LLF
in T2DM patients, given the peculiar roles of MIF in
promoting inflammation, proliferating fibroblasts, and
inducing chemotaxis. However, further studies are
needed to understand the precise mechanism of this
phenomenon.
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