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Diabetic nephropathy (DN), a devastating complication 
of diabetes mellitus, is a worldwide health, societal and 
economic problem. Tubulointersitial fibrosis has been shown 
to be the final common pathological consequence of almost 
all forms of chronic progressive renal disease, including 
diabetic nephropathy [1]. Numerous pathways have been 
identified in the pathogenesis of this disease, but clinical 
strategies based on these pathways for the management of 
diabetic nephropathy remain unsatisfactory, as the number 
of diabetic patients with nephropathy continues to increase 
[2-4]. New treatment modalities or strategies are needed to 
prevent or slow the progression of diabetic nephropathy. 

KCa3.1 (also known as IK1, SK4 or KCNN4) is a 
member of the calcium-activated potassium channel (KCa) 
family. KCa3.1 has been suggested as a potential therapeutic 
target for diseases such as sickle cell anemia, autoimmunity 
and atherosclerosis [5,6]. Recent reports suggest that the 
highly selective inhibitor of KCa3.1, TRAM34, can reduce 
unilateral ureteral obstruction (UUO)-induced renal fibrosis 
[7] and prevent acute kidney transplant rejection in rats 
when combined with a KV1.3 blocker [8]. However, the role 
of the KCa3.1 channel in mediating diabetic nephropathy 
is still not clear. Therefore, our group has done a series of 
studies to explore the role of KCa3.1 in diabetic nephropathy. 
Two in vivo streptozotocin (STZ)-induced diabetic mouse 
models were studied: a genetic knockout of KCa3.1 and 
pharmacological inhibition of KCa3.1 with TRAM34 in 
eNOS-/- mice, to determine the therapeutic effect of KCa3.1 
in diabetic nephropathy.  Since proximal tubular cells are the 
predominant cell in the tubulointerstitium and fibroblasts are 
the main source for extracellular matrix (ECM), proximal 
tubular cells and fibroblasts were used as in vitro models 
to further determine the signaling pathways involved under 
transforming growth factor beta 1 (TGF-β1) or high glucose 
condition. Our studies have provided multiple lines of evidence 
that KCa3.1 channel is implicated in the pathogenesis of 
diabetic nephropathy and elucidated its possible underlying 
mechanisms and downstream signaling pathways [9-14].

Firstly, we demonstrated that KCa3.1 expression was 
increased in kidneys of both human and mouse models with 
DN. Blockade of KCa3.1 ameliorated the renal injury in 
two STZ-induced diabetic models [9]. In addition, blockade 
of KCa3.1 attenuated inflammation, regulators of matrix 
production and matrix protein expression and thus reduced 

renal fibrosis in diabetic mice [9]. Furthermore, blocking 
KCa3.1 channel in both animal models led to the reduction of 
TGF-β1, TβRII, and phosphorylation of Smad2/3, indicating 
that one mechanism by which KCa3.1 mediates renal fibrosis 
in DN is through TGF-β1/Smad signaling pathway [9].  

Inflammation has been proposed to be important in 
the pathogenesis of DN with increased expression of 
chemokines. Monocyte chemoattractant protein-1 (MCP-1) 
is an important chemokine, playing a key role in monocyte/
macrophage recruitment and contributing to inflammation in 
DN [14]. To investigate the role of KCa3.1 in the regulation 
of TGF-β1 induced MCP-1 expression and the underlying 
signal transduction pathway, we combined whole-cell 
electrophysiology together with biochemical and molecular 
techniques in HK2 cells, a proximal tubular cell line [10]. Our 
data showed that TGF-β1 not only increased the expression of 
KCa3.1 but also the channel activity, indicating a direct link 
between TGF-β1 treatment and induction of this channel [10]. 
Consistent with the in vivo results, both gene knockdown 
and pharmacological inhibition of KCa3.1 suppressed TGF-
β1-induced MCP-1 expression in HK2 cells [10]. Using the 
specific inhibitor, we further demonstrated that the inhibitory 
effect of KCa3.1 was dependent on the activation of Smad3, 
p38 and ERK1/2 signaling pathways [10].  Chemokine 
(C-Cmotif) ligand 20 (CCL20) has also been shown to 
be involved in the pathogenesis of DN. As demonstrated 
previously by our group CCL20 was significantly increased 
by high glucose in renal proximal tubule cells as well as in 
the kidneys of diabetic rats [16]. To determine the effect of 
KCa3.1 on CCL20, we exposed HK2 cells to high glucose 
for 6 days to mimic diabetic milieu [13]. In vitro results 
showed that blockade of KCa3.1 with TRAM34 was able 
to attenuate high glucose-induced upregulation of CCL20 
expression in HK2 cells, which was further confirmed by 
in vivo mice models [13]. The anti-inflammatory effect of 
KCa3.1 inhibition on DN was shown to be closely associated 
with suppression of NF-κB activation, which is an important 
transcription factor in the regulation of inflammation [13]. 
Together, these results further demonstrated that inhibition of 
inflammatory responses may be another key mechanism by 
which KCa3.1 attenuates diabetic nephropathy.

Previously KCa3.1 has been reported to be involved 
in renal fibroblast proliferation [7]. However, the role of 
KCa3.1 in the activation of fibroblasts in DN was required 
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to be delineated. We investigated the effects of KCa3.1 
on fibroblast activation, matrix synthesis and degradation 
induced by TGF-β1 in human primary renal interstitial 
fibroblasts and explored the underlying mechanisms in two 
mouse models of DN [12]. Our results demonstrated that 
blockade of KCa3.1 suppressed TGF-β1-induced activation 
of fibroblasts and ECM production, which occurs through 
Smad2/3 or ERK1/2, but independent of P38 or JNK 
pathways [12].  Furthermore, blockade of KCa3.1 normalized 
regulators of matrix production and matrix protein expression 
and thus reduced renal fibrosis in both animal models of DN 
[12]. Hence, the results suggest that targeting the signaling 
pathways that mediate the activation of fibroblasts may be 
the third mechanism whereby KCa3.1 inhibition suppresses 
the pathological consequences of DN.

Recently, autophagy has drawn increasing attention 
as dysregulated autophagy has been implicated in the 
pathogenesis of diabetic nephropathy [17]. The role of 
autophagy in diabetic nephropathy has not been fully 
elucidated [18]. A study has been undertaken to identify 
the role of KCa3.1 in dysfunctional tubular autophagy in 
diabetic nephropathy [19]. Our data clearly demonstrated 
dysfunctional tubular autophagy in the presence of TGF-β1 
in vitro as well as in a mouse model of diabetic nephropathy 
[19]. In addition, our results suggested that TGF- β1-induced 
overexpression of KCa3.1 in tubular cells contributed 
to the impairment of autophagic flux [19]. Furthermore, 
TGF-β1-induced KCa3.1 activation was likely to mediate 
dysregulation of tubular autophagy through PI3K/Akt/mTOR 
signaling pathways [19]. Therefore, our data demonstrated 
that blockade of KCa3.1 attenuated diabetes induced 
dysregulation of tubular autophagy, indicating a further 
mechanism by which KCa3.1 mediates diabetic renal fibrosis 
is through dysregulation of autophagy.

In summary, given the evidence developed in the studies, 
we propose that the KCa3.1 channel is a promising therapeutic 
target for DN based on its expression and demonstrated 
role in fibrosis and inflammation in tubular epithelia cells 
and fibroblasts in in vitro and in vivo models of diabetic 
nephropathy.
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