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High GSK3β expression in Pkd1 cells
Sarmed H. Kathem*
ABSTRACT
Background: Polycystic kidney disease (PKD) is an inherited disease characterized by renal cysts and progressive decline in
renal function. At the molecular level, PKD thought to be caused by defective primary cilia structure and/or function. Renal
cells showed increased proliferation profile leading to progressively enlarged cysts. Primary cilia, as the mechanosensory
organelles sensitize fluid flow and trigger intracellular events. Regulation of cell proliferation is one of the cellular functions
regulated by ciliary signaling. GSK3β, a protein kinase that play a vital role in cell proliferation. Methods: In this study,
analysis of the GSK3β and p-GSK3β protein expression by western blot in renal mouse Pkd1 cells was performed as a
prospected pathogenic pathway of renal cyst. Results: Data revealed that GSK3β expression in Pkd1 cells significantly
higher than wild type cells proposing a high proliferative state of cell. In the same manner, p-GSK3β, the inactive form,
showed to be significantly low in Pkd1 cells compared to wild type renal cells. Conclusion: Pkd1 cells showed high GSK3β
and low p-GSK3β protein expression, implying a high proliferative profile of cells and suggest a mechanism for renal cyst
expansion.
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INTRODUCTION
Primary cilia are mechanosensory organelles extending
from the apical surface of cells. Cilia bending in response
to fluid flow trigger signals that regulate various cell
functions. Many studies documented that the sensory
entity of the primary cilia is polycystins 1 and 2 (PC1
and PC2). These proteins form complex at the ciliary
membrane, where PC1 is the mechanosensory part.[1,2]
When fluid flow induces cilium bending, PC1 responds
by activates its partner PC2, a non-specification channel.
As a result, calcium current generated in the cilioplasm.
This calcium current propagated to the cytoplasm and
regulated various cellular functions.[3,4] Polycystic
kidney disease (PKD) is a ciliopathy characterized by
progressively enlarged renal cysts accompanied by
decline in renal function. Studies revealed that PKD
resulted from defective primary cilia structure and/
or function. Dysfunctional renal primary cilia play a
crucial role in the pathogenic events of cyst formation
and expansion. PKD1 resulted from defective PC1
structure/function. Studies showed that PKD cells
have defective calcium signal, while experiment to
increase cilia length and function showed improvement
in calcium signal. Calcium ions have inhibitory effect
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on GSK3β-regulated pathways of cell proliferation.[5,6]
GSK3β, a protein kinase, that modulates many cellular
signaling pathways through phosphorylation of
substrate. GSK3β increases cell proliferation rate in
some types of cancer.[6,7] In addition, it was shown that
GSK3β reduces cAMP concentration. In renal cyst,
it was shown that there is reduced cAMP level and
it suggested to be a mechanism for cyst expansion.
P-GSK3β is the inactivated form resulted from serine 9
phosphorylation of GSK3β.[5,8,9]
In this study, mouse Pkd1 cells known to have
defective PC1 and primary cilia functions used to
assess the protein expression level of GSK3β and
p-GSK3β by western blot as a prospective mechanism
of renal cyst expansion.

METHODS
Cell Culture
Renal epithelial cell LLC-PK was maintained in
Dulbecco’s Modified Eagle Medium with 10% fetal
bovine serum, penicillin 100 U/ml, and streptomycin
100 μg/ml. Pkd1 cell generated and maintained in
Nauli’s lab as described previously.[2,10]
Western Blot
Cells maintained until 95% confluent then lysed
using RIPA buffer, total cells protein collected and
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blotted in SDS-PAGE gel. Primary antibodies for
GSK3β, p-GSK3β, glyceraldehyde 3-phosphate
dehydrogenase, and secondary antibodies (Cell
Signaling Technology) were used. Western blot
imaging performed using ChemiDoc (BioRad) and
analysis by Image Lab software (BioRad).
Statistics
Values represented as mean ± standard error mean. All
experiments repeated at least 3 times. Comparisons
among means were done using Student’s t-test.
Statistically significant values represent P < 0.05. All
data analyses were done using GraphPad Prism v.5.

that expression of GSK3β significantly (P < 0.05)
increased by about 1.9-fold compared to the wildtype cells (1.89 ± 0.11 vs. 1.0 ± 0.0) [Figure 2a]. To
confirm our results, measurement of p-GSK3β protein
expression - the inactive form of GSK3β - was also
done. Western blot analysis showed that the p-GSK3β
expression was significantly (P < 0.05) decreased
in the Pkd1 cells compared to wild-type renal cells
[Figure 2b]. Quantitative analysis of the blot relative
to control revealed that p-GSK3β expression in Pkd1
cell was significantly (P < 0.05) lower by about 3.4fold than the wild-type LLC-PK cells (0.29 ± 0.06 vs.
1.0 ± 0.0) [Figure 2b].

RESULTS

DISCUSSION

GSK3β Expression in Cilia Defective Cells
Regarding PKD, it is known that Pkd1 cells have
defective primary cilia function, abnormally
low flow-induced calcium signals, and aberrant
proliferation profile.[11,12] To assess primary ciliacalcium axis-dependent cell effectors, protein
expression of GSK3β in renal Pkd1 and wild-type
cells achieved. Western blot technique of whole cell
lysate showed that expression of GSK3β in Pkd1 cells
is significantly (P < 0.05) greater than equimolar
protein loading of wild-type LLC-PK cells [Figure 1].
Quantitative analysis of the blot after normalization
and standardization relative to the control showed

Pkd1 cell generated in Nauli’s lab and proved to have
defective PC1 and consequently defective primary cilia
mechanosensory function.[3] In this study, Pkd1 cells
used to evaluate the expression level of GSK3β and
its inactive form p-GSK3β, as a suggestive pathogenic
pathway for renal cyst expansion.
Renal cysts filled with fluid in PKD, a prominent
feature that leads to renal failure was under thorough
investigation to uncover the causative pathway of the
disease. Primary cilia-induced calcium signal activates
cAMP pathway in response to fluid flow. It was shown
that Pkd1 cells have defective response to fluid flow
and have lower calcium current and cAMP level.[5,8,13]
Renal cyst cells also shown to have high proliferative
rate compared to normal cells.[14,15] In addition, GSK3β
plays an important role in regulating cell proliferation
has an inhibitory effect on cAMP pathway. In this
study, GSK3β was measured in Pkd1 cells proved to
be significantly higher than wild-type renal cells. This
result augments others who suggest a pathogenic role
of GSK3β in renal cyst development.[5,8,13] In addition,
this result considered compatible with others who
suggest an inhibitory effect of cilia-induced calcium
current on GSK3β pathway.[5,16] Pkd1 cells known
to have defective cilia-induced calcium signal.[17,18]
Further support for this hypothesis provides in this
study by measurement of p-GSK3β, the inactive

Figure 1: Images of western blot. Expression of GSK3β
and p-GSK3β band in western blot membrane showed the
various intensities in Pkd1 and wild-type renal cells. Blot
loaded in equimolar concentrations of total protein with
glyceraldehyde 3-phosphate dehydrogenase as a control.
Whole cell lysate of Pkd1 and wild-type cells used, n = 3

a

b

Figure 2: Representative graph from analysis of western blot. A, Pkd1 cells showed higher expression of GSK3β compared
to wild type. B, Pkd1 cells showed lower expression of p-GSK3β compared to wild type. Results analyzed relative to control
(glyceraldehyde 3-phosphate dehydrogenase). Asterisk denoted significant difference p<0.05, values are mean ± standard error
mean, n=3.
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form of GSK3β. Western blot analysis of p-GSK3β
protein expression revealed a significantly lower
level in Pkd1 cells compared to wild-type renal
cells. The later result implied that GSK3β pathway is
exaggerated in renal cyst and the regulatory pathway
that phosphorylates and inactivates GSK3β is also
downregulated in Pkd1 cells. Altogether, the results
obtained from this study support the hypothesis
that suggests a pathogenic role of GSK3β in renal
cyst development. This pathway activated by the
defective cilia-induced calcium current pathway.[19]
This pathway could be considered as a prospective
therapeutic target for PKD. Intervention with GSK3β
pathway by the use of GSK3β inhibitors and knockout
models hindering renal cyst development and may be
a promising target for new drugs.[5]
In summary, renal Pkd1 protein expression of GSK3β
is higher and p-GSK3β is lower compared to wildtype renal cells implying a pathogenic role of GSK3β
in PKD.
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