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Our previous studies have shown 
that mesangial cells stimulated to 
divide in hyperglycemic medium 
activate hyaluronan synthases that 
then synthesize hyaluronan into in-
tracellular compartments, endoplas-
mic reticulum (ER), golgi, transport 
vesicles.  This initiates an ER stress-
autophagy response that upregulates 
cyclin D3, which induces formation 
of a monocyte-adhesive extracellular 
hyaluronan matrix after completing 
cell division 1), 2). The critical role of 
the cytosolic UDP-sugar substrates 
was shown by treating the dividing 
hyperglycemic mesangial cells with 
4-methylumbelliferyl-xyloside, 
which increases chondroitin sul-
fate in the golgi by 8-10 fold.  This 
decreases the cytosolic substrates 
sufficiently to prevent the intracel-
lular HA response, the autophagy 
and the formation of the extracel-
lular HA matrix.  The intracellular 
HA response also occurs in kidney 
glomeruli of streptazotocin-treated 
diabetic rats. Over a 6 week pe-
riod, the glomeruli have increasing 
numbers of autophagic mesangial 
cells surrounded by an extensive 
hyaluronan matrix with embedded 
macrophages, with resulting exten-
sive nephropathy and proteinurea.   
Previous studies showed that daily 
IP injection of a small amount of low 
MW heparin in diabetic rats pre-
vented the nephropathy and protein-
urea over an 8 week period 3), 4). Our 
new studies show that mesangial 
cells stimulated to divide in hyper-
glycemic medium in the presence 
of 0.2 μM heparin do not activate 
hyaluronan synthesis in intracel-
lular compartments nor induce the 
autophagy and cyclin D3 responses.  

Nevertheless, at the end of cell divi-
sion, the mesangial cells synthesize 
a much larger monocyte-adhesive 
matrix.  In the heparin treated dia-
betic rat, the hyaluronan content 
in glomeruli increases greatly in 
weeks 1-2 and then declines to near 
normal by 6 weeks, at which time 
there are large numbers of macro-
phages present, but no evidence for 
autophagic mesangial cells. These 
results suggest that the dialogue 
between the mesangial cells and in-
fluxed macrophages in the diabetic 
glomeruli is pro-inflammatory with 
accumulation of a fibrotic hyal-
uronan matrix that compromises 

kidney function. In contrast, in the 
heparin treated diabetic rat the me-
sangial cells maintain their normal 
function after completing cell divi-
sion, but still activate synthesis of 
the extensive hyaluronan matrix 
as an effective way to deal with the 
continued high glucose stress. In 
this case the influxed macrophages 
remove the matrix and do not ini-
tiate fibrotic responses, and by 6 
weeks we propose that there is a 
steady state of hyaluronan synthe-
sis by the mesangial cells and its 
removal by the macrophages. The 
figure shows the models that are 
supported by these studies.
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