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BACKGROUND
● Autosomal Dominant 

Polycystic Kidney Disease 
(ADPKD) is a hereditary 
disease resulting in cyst 
formation

● Fourth leading cause of renal 
replacement and failure 
worldwide



BACKGROUND
● Shear stress is detected by the 

primary cilium which transmits 
this mechanical stimulus into a 
biochemical response

● PKD 1 and 2 are genes that 
encode polycystins (PC 1 and 
PC 2) which aid in 
mechanotransduction



BACKGROUND
● Mutations in polycystins result in 

dysfunctional primary cilia
● Loss of PC1 or PC2 results in 

decreased Ca2+ influx which 
causes fluid secretion and cyst 
formation



BACKGROUND
● No cures for ADPKD
● Treatments include dialysis or 

kidney transplants
● Identification of altered 

metabolic pathways could 
potentially contribute to 
therapeutic targets in the future



GOALS OF THIS STUDY
1. Expand our understanding of fluid flow mechanotransduction 
in renal epithelial cells
2. Determine how mechanotransduction is altered when the 
mechanosensory organelle, the primary cilium, is removed to 
gain insight into dysregulated mechanotransduction in PKD



Hypothesis: Cells lacking primary cilia will have greater 
evidence of dysregulated metabolic pathways and metabolites 
than those cells with their cilia intact

How:
● Emulate the diseased mechanism of mechanotransduction that 

is seen in individuals with ADPKD through the comparison of 
cells with and without cilia in both static and fluid flow shear 
stress environments 

● Perform global metabolic profiling by high performance 
liquid chromatography-mass spectrometry (LC-MS) to analyze 
response to experimental conditions



METHODS
Samples:
1. Madin-Darby Canine Kidney 
(MDCK) cells were plated in media 
for 24 hr prior to division into cohorts
2. Cells resuspended at concentration 
of 300,000 cells/2 mL



EXPERIMENTAL DESIGN
Figure 1. Pathway A shows the 
control cohort in which renal 
epithelial cells with intact 
primary cilia are exposed to 
both static and fluid flow shear 
stress environments. Pathway B 
shows the experimental cohort 
in which primary cilia were 
removed using ammonium 
sulfate and the cells are 
exposed to static and fluid 
flow shear stress environments. 



METHODS
3. 30 mM ammonium sulfate media 
was  used in the experimental cohort
4. One 6-well plate containing cells 
with and without cilia was placed on 
a platform rocker at a 6 degree 
angle at 0.74 Hz for 5 hours



METHODS
Metabolite Extraction:
- Metabolites were extracted using 80% 

v/v methanol and aqueous acetonitrile
Global Metabolomic Profiling:
1. Samples were analyzed by LC-MS
2. Differences between cohorts assessed 

using MetaboAnalyst
3. Metabolite identity matches and 

enriched pathways were identified 
using MetaboAnalyst MS Peaks to 
Pathways



RESULTS

Figure 2. Significant metabolites detected by the one-way ANOVA with 
a p-value < 0.05. Green dots represent those that are insignificant 
while red dots represent those that are significant.

Table 1. Values from significant metabolites selected by 
one-way ANOVA plot.



RESULTS

Conclusion: Metabolic pathways were mainly perturbed in response to the absence of cilia rather than 
in response to fluid-flow exposure.

Hierarchical Cluster Analysis (HCA) Dendrogram and Heatmap

Figure 3. Clustering result shown as a dendrogram. The x-axis represents the dissimilarity 
between the clusters. Group A (red) represents the static condition in which cilia were present, 
Group B (green) the static condition lacking cilia, Group C (purple) the fluid flow environment with 
cilia, and Group D (blue) the fluid flow environment lacking cilia.

Figure 4. Clustering result shown as a heatmap. Each row represents a different 
metabolite. Black lines represent m/z values. Red indicates a higher metabolite 
intensity while blue represents a lower metabolite intensity. 



RESULTS

Conclusion: Removal of the primary cilium does alter metabolic pathways. 

Principal Component Analysis (PCA)

Figure 5. 2D (left) and 3D (right) representations of Principal 
Component Analysis (PCA) demonstrating natural clusters or 
groupings of samples. The four groups are represented by 
letters A (red), B (green), C (purple), and D (blue). The red 
represents the static condition with intact cilia, the green was 
static without cilia, blue was fluid flow without cilia, and purple 
was fluid flow with cilia. Separation between groups C (fluid 
flow with cilia) and D (fluid flow without cilia) suggests that the 
removal of the primary cilium does perturb metabolic 
pathways. 



RESULTS

Conclusion: PLS-DA shows some separation between cohorts which indicates a shift in 
metabolism in the different conditions.

Partial Least Squares-Discriminant Analysis (PLS-DA)

Figure 6. The scores plot (left) shows a 2D 
representation of Partial Least 
Squares-Discriminant Analysis (PLS-DA). This 
identifies supervised clusters and reveals 
underlying variation as well as the metabolites 
that are strongly contributing to separation 
between cohorts. The VIP scores (right) is a 
measure of a variable’s importance in the 
PLS-DA model. The colored boxes on the right 
indicate the relative concentrations of the 
corresponding metabolite in each group.



RESULTS
Table 2. Perturbed metabolic pathways as a result of metabolite abundance. Metabolites with the 
highest VIP scores were enriched using MS Peaks to Pathways to identify perturbed metabolic 
pathways. Ether lipid metabolism is the only significantly affected pathway (p-value < 0.05).



CONCLUSIONS
● Created metabolomic profiles of how renal epithelial cells respond 

to fluid flow-induced shear stress
● Differences between experimental cohorts were attributed to ether 

lipid metabolism as this involved the only significantly affected 
cohort of metabolites

● Although not significant, many of the other pathways that 
corresponded to large numbers of detected metabolites included 
those involved with fatty acids (fatty acid elongation, 
degradation, and biosynthesis of unsaturated fatty acids)

● Ammonium sulfate may have had significant effects on some of the 
molecules and, as a result, interfered with the clustering of 
metabolites



CONCLUSIONS
Significance: This research has identified the specific metabolic pathways 
that are affected as a result of a defective primary cilium, thus, enhancing 
our understanding of ADPKD pathogenesis which may lead to future 
development of new therapeutic drug treatments.

Limitations:
● Lack of immunofluorescence visualization to confirm cilia removal
● Less than 70-90% confluency of cells
● Small sample size

Future studies will increase the sample size and employ a targeted 
metabolomics approach which would focus on specific metabolites involved 
in ether metabolism.
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