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Bisphosphonates (BPs) have been used to treat patients 
with osteoporosis and osteopenia for over a quarter of a 
century. BP treatment has been shown to:
• Reduce skeletal re-modelling rate
• Strengthen bones
• Reduce fracture rates

There are two classes of BPs; non-nitrogenous such as 
Clodronate and nitrogenous such as Zoledronate. 

Bisphosphonates work by inhibiting farnesyl 
pyrophosphate synthase, leading to osteoclast apoptosis. 

Longitudinal studies have shown non-skeletal effects of 
BP treatment. 
• 28% reduction in death[1]

• 67% reduction in cardiovascular mortality[2] 

• 45% reduction in myocardial infarction[2]

• 39% reduction in colon cancer deaths[3]

• 59% reduction in mortality in ICU patients[4]

The aims of this study were to investigate changes in 
gene expression throughout the body triggered by 
Zoledronate treatment and to elucidate the mechanisms 
underlying this wide range of non-skeletal effects. 

Female C57BL/6N mice were grown to twenty-two months old before 
treatment with either:
• Zoledronate-treated (n=6)
• Vehicle-treated (n=6)

2-month-old, untreated mice were used as a control (n=6)

Zoledronate dosage administered to the mice was equivalent to that 
given to osteoporosis patients, adjusted for body weight of the mice. 

Twelve tissues were harvested from each of the mice. 

The tissues were formalin-fixed, paraffin embedded and tissue 
microarrays (TMAs) were generated using cores taken from 3-5 organs 
of each mouse. 

Spatial transcriptomic analysis was performed on the Nanostring 
GeoMx Digital Spatial Profiler to detect changes in gene expression 
throughout the body in ageing and following Zoledronate treatment.

Age Treatment Number of mice Tissues
2 month Untreated 6 Brain, fat, quadricep, gastrocnemius muscle, 

heart, lung, kidney, spleen, liver, pancreas, small 
intestine and skin 

24 month Vehicle-treated 6
24 month Zoledronate 6

Differential Gene ExpressionPrincipal Component Analysis 

Following completion of whole transcriptome analysis on all tissues, bioinformatic analysis will be 
performed, including: 
• Differential gene expression
• Single cell deconvolution
• Gene set variation analysis
• Pathway analysis

The outputs from this study will be used to determine the effect of Zoledronate treatment across 
different tissues and better understand the ageing mouse model for this and future therapeutic 
studies. 

Ultimately it is hoped that understanding the mechanisms underlying the wide-ranging effects of 
bisphosphonate treatment will allow us to identify potential therapeutics for age-related 
diseases.
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Figure 1: Bisphosphonate structures and relative potencies for 
osteoclast inhibition.[5]

Figure 2: A. Nitrogen-containing BPs selectively inhibit farnesyl 
pyrophosphate synthase (FPPS) within osteoclasts. B. Osteoclast 
endocytosis of BPs from the bone surface leads to FPPS 
inhibition and osteoclast apoptosis.[5]
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A small pilot study was performed using tissue frozen at -80°C to ensure the RNA within the tissue 
was of sufficient quality for whole transcriptome analysis. 
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4. Digital Spatial Profiler

Whole transcriptome analysis was performed on each TMA using the Nanostring GeoMx Digital 
Spatial Profiler (DSP).

Two serial sections were taken from each TMA and mounted.
• H&E stained
• Syto13 (nuclear), PanCK (epithelial) and CD45 (immune) stained

The DSP uses target complementary sequences tagged with a photocleavable sequencing 
barcodes to identify each protein-coding gene. Sequencing barcodes are photocleaved and 
collected from each ROI, before the libraries are prepared, pooled and sequenced. 

Single cell deconvolution was performed by comparing previously published gene sets enriched 
within different cell types to the whole transcriptome data collected from each ROI. 

Figure 3: A. Nanostring GeoMx Digital Spatial Profiler (DSP). B. Workflow summary of testing FFPE tissue on the Nanostring GeoMx DSP.
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