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A B S T R A C T 

 

Introduction 

 

Diabetes mellitus during pregnancy is a known risk factor for imperfect 

closure of the developing embryonic neural tube.  The diabetic state most 

likely increases risk for neural tube defects via multiple parallel 

pathways.  Previously proposed pathways for diabetic teratogenesis 

during neural tube closure have included augmented production of nitric 

acid, which is toxic in excess to the developing neural tube; reduction of 

Pax3, which suppresses p53 dependent cell death during embryonic 

development of the neural tube; and increased production of long-chain 

acyl-CoA synthetase 1 (ACSL1), which promotes polarization of 

macrophages or toward a more inflammatory phenotype. These 

mechanisms have been summarized in a previous analysis [1]. 

 

It is of interest that all of the three mechanisms suspected to be involved 

in diabetic teratogenesis above -- Pax3 reduction, nitric acid excess, and 

ACSL1 upregulation -- should reduce the population of macrophages 

belonging the M2 or M2-like phenotype (Hereafter, “M2” includes “M2-

like” in the text below.)  A reduction in Pax3 would be expected to result 

in fewer M2 macrophages via promotion of p53 associated polarization 

to the M1 phenotype.  Increased production of nitric acid should result 

in fewer M2 macrophages via peroxynitrite associated macrophage 

apoptosis.  Upregulation of ACSL1 would be expected to result in fewer 

macrophages via the pro-inflammatory effect of ACSL1 on 

macrophages. M2 macrophages, in turn, are associated with regulation 

and deposition of structural proteins such as collagen and actin, 

molecules which play significant roles in closure of the neural tube [1]. 

Circumstantial evidence suggests that these mechanisms may influence 

the structure of the developing neural tube by virtue of, or in connection 

to, their effects on the size of the M2 macrophage pool.  

 

M2 macrophages as a central player in neural tube closure 

 

In a previous analysis, our hypothesis was that M2 macrophages might 

play a role of “middle man” between known protective factors (folic 

acid, other factors involved in one carbon metabolism, inositol, and 

signalling molecules such as inositol trisphosphate and sphingosine-1-

phosphate) and the structural work of the developing embryo.  As was 

discussed in that analysis, in order to demonstrate that M2-like 

macrophages play a role in influencing neural tube structure, one would 

need to demonstrate that M2-like macrophages can exert effects, either 

directly or indirectly, on factors such as actin, collagen, integrin, and 

others -- factors which contribute to the structural integrity of the 

embryo.  A “proof” for such a relationship has not yet been established: 

testing is needed.  Nevertheless, since M2 macrophages have already 

been demonstrated to play a role in the remodelling of collagen in other 
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tissues, it is tempting to implicate M2 macrophages in the regulation and 

remodelling of collagen in the developing embryo, as well [1]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(ACSL1 = long-chain acyl-CoA synthetase 1) 

Figure 1: Illustrates various potential parallel mechanisms by which 

diabetes mellitus might interfere with collagen remodelling and neural 

tube closure in the developing embryo.  It is hoped that the various 

hypotheses and associations noted above will be further clarified through 

experimentation on embryonic tissue. 

 

A potential role for M2 macrophages in collagen IV remodelling 

 

One type of collagen, collagen IV, has been implicated in the 

development of the neural plate in the mouse embryo [2]. One would 

expect that, under normal conditions, collagen IV deposition and 

removal would be an ongoing, continuous process.  Such remodelling 

would be expected to occur throughout embryonic development.  During 

folding and closure of the neural tube, attainment of optimal geometry 

might involve even more resorption and breakdown of collagen.  Thus, 

it is perhaps not so surprising that a deficit of folic acid, the best-known 

preventative factor for neural tube defects, results in an increased 

accumulation of collagen IV in some tissues [3].  

 

In addition to folic acid, macrophages have been implicated in collagen 

and folic acid related pathways.  Folic acid activates the macrophage 

folic acid receptor beta (FR-beta), a receptor which is heavily expressed 

on activated macrophages polarized to the M2 phenotype.  The M2 

macrophage FR-beta receptor, in turn, regulates macrophage attachment 

to collagen.  Thus, folic acid deficiency has the potential to impair 

adhesion of macrophages to collagen, and M2 macrophages have been 

found to mediate collagen remodelling and degradation [4-6]. It is 

possible that M2 macrophages are players which translate the “input” of 

folic acid into the “output” of collagen IV remodelling during neural tube 

closure.  

 

Disruption of collagen IV remodelling in diabetes mellitus 

 

Similar to the effects of folic acid deficiency, in the present analysis, it 

is suggested that diabetic teratogenesis might also involve disruption of 

collagen IV remodelling during neural tube closure. The evidence is 

limited but suggestive. It has been known for some time that the diabetic 

state predisposes to increased urinary excretion of collagen IV, and that 

urinary excretion of collagen IV is even higher in those with diabetic 

nephropathy [7, 8].  In vitro, a hyperglycemic environment upregulates 

expression of collagen IV synthesis, potentially leading to collagen IV 

accumulation [9]. Thus, it is possible that diabetes mellitus predisposes 

to collagen IV imbalance with resultant impaired collagen IV 

remodelling 
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