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Background
10-15 signal transduction pathways govern major cellular processes, e.g. cell division, differentiation and migration, both in
physiology and pathophysiology. They are frequently abnormally active in cancer and can drive cancer growth and metastasis.
Resistance to targeted drugs directed towards specific signaling pathways like the ER pathway, can be mediated by induction of
activity of other signaling pathways.

Approach: We developed an RNA-based assay platform, which is in addition to clinical diagnostic applications, useful to identify
mechanisms of drug resistance, i.e. aberrant signal transduction pathway activity. An example case is shown here for hormonal
therapy resistance in breast cancer.

Assays for quantitative measurement of signal transduction pathway 

activity

RNA-based tests have been developed for androgen (AR) and estrogen receptor
(ER), Hedgehog (HH), Wnt, TGFβ, Notch, NFκB, PI3K, and MAPK-AP1 pathways.
They can be performed simultaneously on a single tissue or cell culture sample
using Affymetrix HG-U133 Plus 2.0 microarray, qPCR or RNA-sequencing and
provide quantitative pathway activity scores (PAS) expressed on a 0-100 scale.1-3
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Conclusion
Using our pathway tests we identified the mechanism of resistance to either fulvestrant or tamoxifen in a cell culture model
system (three independent studies) for breast cancer, demonstrating that:

(1) Loss of ER pathway activity with gain of MAPK-AP1 pathway activity may confer resistance to hormonal therapy.

(2) PI3K and MAPK-AP1 pathway activity may be mutually exclusive in causing resistance.

(3) Signaling pathway assays are well suited to (quantitatively) investigate activity of signal transduction pathways which may
confer resistance to a (targeted) drug treatment.

Cell line examples of biological 

validation of pathway assays

For each pathway one example with
known pathway activity is shown below
as proof points.1-3,7-8
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Fulvestrant resistance in MCF-7

Signaling pathway activity analysis of breast cancer cell lines, sensitive and resistant to hormonal therapy

Tamoxifen resistance in MCF-7
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Fulvestrant-resistance in 
MCF-7 cells was induced 
by long-term treatment 
with 10-7 M fulvestrant.4

Tamoxifen-resistance in 
MCF-7 cells was induced 
by long-term treatment 
with 10-6 M tamoxifen.5,6

Pathway analysis showed:
 Decrease in ER pathway activity
 Increase in MAPK-AP1 pathway activity
 Negative correlation FOXO/MAPK-AP1

Pathway analysis was performed on public Affymetrix expression microarray data
from ER-positive MCF-7 cells that were either sensitive (n=6) or resistant (n=20) to
fulvestrant (GSE743914) and from ER-positive MCF-7 cells that were either sensitive
(n=18) or resistant (n=24) to tamoxifen (GSE679165 and GSE216186).

Estrogen receptor (ER) pathway
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MAPK-AP1 pathway

MCF-7 cell line and tamoxifen-
resistant MCF-7 cells treated with
10 nM growth hormone heregulin
(HRG) or 100 nM 17β-estradiol (E2)
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PI3K pathway
(inverse of FOXO activity)
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