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Addendum to:

Diabetes downregulates large-conductance Ca2+-activated 
potassium b1 channel subunit in retinal arteriolar smooth 
muscle. 
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ABstRact
Diabetic retinopathy is an important cause of visual loss. Functional abnormalities 

including vasoconstriction precede structural changes. Using the streptozotocin-model of 
diabetes in rats, we have identified downregulation of the b1 subunit of the BK channel 
in arteriole myocytes as a possible molecular mechanism underlying these early changes. 
BKb1 mRNA levels were reduced as early as one month after induction of diabetes, 
and BK Ca2+-sensitivity and caffeine-evoked BK currents were reduced at three months. 
This effect appears to be selective for the regulatory subunit, as BK| subunit expression 
was not altered at the mRNA level, and voltage-activated BK currents were unaltered. 
No changes were seen in voltage activated Ca2+-current, Ca2+-activated Cl-current, or 
A-type voltage activated K+-currents. Reduced Ca2+-activated BK activity may promote 
depolarization, Ca2+-channel activation and increased contraction under resting 
conditions or in response to Ca2+-mobilizing agonists.

Diabetes mellitus is a major metabolic disorder which adversely affects most 
systems in the body. Many of the complications of this condition are microvascular 
in nature, leading to impaired tissue repair, nephropathy and retinopathy. Although 
the devastating complications of diabetes have long been recognised and are well 
documented, the underlying molecular mechanisms responsible remain unclear. Our 
recent paper on the effects of streptozotocin‑induced diabetes on rat retinal arterioles 
suggests that one important cellular target may be large conductance, Ca2+‑activated 
K+‑channel (BK‑channel) activity.1 This was dramatically reduced in arteriole smooth 
muscle three months after induction of diabetes. This did not appear to result from 
downregulation of the pore‑forming |‑subunit, since neither the relevant mRNA levels 
nor the voltage‑activated BK‑current was altered in arterioles from diabetic animals. 
Similarly, there was no change in caffeine evoked Ca2+‑transients, while spontaneous 
Ca2+‑sparks were actually increased in amplitude. This suggests that the reductions seen 
in both caffeine‑evoked and spontaneous BK‑current (spontaneous transient outward 
currents or STOCs) reflected uncoupling of Ca2+‑signalling from BK channel activation. 
One possible explanation of such uncoupling could be reduced Ca2+‑sensitivity of the 
BK channels themselves. Voltage‑clamp experiments using off‑cell, inside‑out patches 
demonstrated that the [Ca2+]‑dependence of channel open probability was indeed shifted 
towards higher concentrations in myocytes from diabetic animals. This functional change 
was paralleled by a reduction in the gene and protein expression of the Bkb1 subunit, 
which is known to influence the Ca2+ sensitivity of BK channels.2,3 It appears, therefore, 
that this downregulation decreases BK channel activity in these cells, reducing negative 
feedback by intracellular [Ca2+] and promoting contraction. This may play a role in 
the vasoconstriction and reduced retinal blood flow, which are often seen as the earliest 
functional changes in diabetic patients.4

New, previously unpublished data suggests that this effect may occur very early in 
the diabetic state. Quantitative PCR, carried out as described in our previous paper (see 
ref. 1), showed that mRNA levels for the BKb1‑subunit (normalized to b‑actin mRNA 
levels) were reduced by 30 ± 5% (mean ± SEM) after only one month of diabetes when 
compared to age‑matched controls (p < 0.05, three replicates in each of three experiments). 
The effect was time‑dependent, however, and the reduction in transcript levels was 
increased to 60% at three months.1 As well as being early in onset, it also appears that 
this effect is highly selective. No changes were seen when a range of other conductances 
were compared in three‑month diabetic and age‑matched control tissues. We have already 




