
Investigation of Adaptive Responses To Targeted Therapy 
In BRAF Inhibitor-Resistant Melanoma Cells

Adaptive Resistance
• Despite major breakthroughs in treatment 

development procedures, there is still no 
long-term solution to the problem of drug 
resistance.

• This resistance occurs through rapid 
rewiring of cancer cell signaling as a result 
of targeting specific genomic aberrations.

• Collective changes in pathway activities are 
better predictors of resistance and 
mitigation strategies than abundances of 
individual molecules.

Technique Results

Figure 1: Adaptive resistance concept. Drug perturbations can lead to the
immediate impact of the down-regulation of target pathways (e.g., inhibition of
ERK phosphorylation by MEK inhibitor) and upregulation of compensatory
responses that lead to adaptation of tumor cells and subsequent resistance to
therapy (e.g., upregulation of RTK expression by MEK inhibitor via a feedback
loop).

Target Score (TS)
• The TS quantifies the adaptive pathway 

responses to a perturbation as a sum of the 
response from each individual protein and 
its pathway neighborhood.

• This method reveals pathways involved in 
drug activity and adaptive resistance.

• High TS: identifies proteins involved in 
adaptive responses

• Low TS: immediate impact of the drug 

Equation 1. Target Score. fsi represents the functional score; Δxi
is the proteomic response; σ∆xi is the standard deviation; pij is the
pathway distance between the nodes i and j; and Wij represents
the signaling interaction between nodes i and j.

Data
• BRAF inhibitor-resistant melanoma 

cell line
• Proteomic (RPPA) data
• Normalized with respect to 

pretreatment levels
• 12 targeted therapeutic agents
• 89 perturbations 
• 138 protein responses
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Figure 5. Target score and adaptive resistance pathways in BRAF inhibitor-resistant melanoma. The response 
pathway (blue) and adaptive resistance pathway (red) are shown for each perturbation listed. The highest and lowest 
12 TS values are ranked. The top (red to pink) and lowest (pale blue to blue) are shown. 

Using Figure 5, the high target score values and the resistance pathways (red) inform drug combination trials,
while low target scores and the response pathways (blue) demonstrate how drug activity impacts cell
signaling. These combinations can be used in future trials to validate the accuracy of this technique. This
method can be applied to patient biopsy samples. By analyzing the resistance pathways of samples before
and after treatment, we can suggest improved treatments.
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given target protein, while cell lines with the low TS for the target protein serve as the 
negative controls. This will lead to a matrix of cell lines and responses to drug 
combinations involving the PARP inhibitor. The most promising drug combinations will 
be tested using the PDX models in the Moon Shot program and will be nominated for the  
clinical trials.  

Potential problems and mitigation strategies. A major concern is the completeness 
and quality of pathway relations in databases. To overcome this problem we will take a 
multistep approach. We will incorporate priors from multiple databases (e.g., 
phosphosite, Reactome, NDEx –formerly NCI-PID) and identify a consensus of priors to 
eliminate inaccuracies in individual databases. We will also crosscheck priors through 
literature searches and in consultation with signaling pathway experts at MDACC. 
Incorrect priors will be deleted and new ones will be added manually. Korkut lab is also 
now participating in the DARPA Big Mechanisms program5, which aims to have 
machines read the literature and assemble the causal fragments found in individual 
papers into huge causal models, automatically with a particular focus in cell signaling. 
With participation from groups such as the Sorger lab (HMS), tools for assembling 
comprehensive pathway databases are becoming available (see Integrated Network and 
Dynamical Reasoning Assembler-INDRA at https://github.com/sorgerlab/indra). 

 
Figure 2. Preliminary results. Target score and adaptive resistance pathways in JQ1 treated breast and 
ovarian cancer cell lines. (Left panel) calculated based on RPPA response (217 antibodies) to JQ1 at 24h 
(top) and 48h (bottom) time points. The cell lines are ordered from most resistant to most sensitive. The TS 
values are ranked for the most resistant cell line (HCC1954) for top 10 highest (red to pink) and lowest (pale 
blue to blue) are shown. The high target core values and the resistance pathways (red, right panel) inform 
drug combination trials, while low target scores and response pathways (blue, middle panel) demonstrate 
how drug activity impacts the cell signaling.  

 

HCC1954: JQ1 target score and response/resistance pathways
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Figure 2: Protocol for identification of adaptive resistance
pathways and the nomination of effective drug combinations.
An important step involves calculating the target score (TS). A
high TS identifies proteins involved in an adaptive response (e.g.,
upregulation of RTK expression by MEK inhibitor via a feedback
loop) and a low TS corresponds to the immediate impact of the
drug (e.g., inhibition of ERK phosphorylation by MEK inhibitor).

Figure 4: Network model construction. Network models are
constructed using the signaling data stored in the Pathway
Commons (PC) database and manual curation/correction by
experts. Both the network and the data are used in calculating
the TS.

Figure 3: Data. The table (above) lists the 12 targeted
therapeutic agents. The heatmap (below the table)
represents proteomic expression under the various
conditions.
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Research Protocol  

Using the described protocol (manuscript in preparation), we will identify adaptive resistance 
and drug activity pathways for PARP 
inhibitors, and nominate combination therapy 
targets in BRCA-mutated ovarian cancers. 
The method is amenable to calculations for 
hundreds of samples treated with individual 
(or combinations of) drugs in multiple doses 
and/or time points and interrogated for 
hundreds to thousands of molecular entities 
(mRNA or proteomic). With analyses using 
longitudinal data, we will be able to explain 
the evolution of drug resistance and 
potentially the optimum time points for 
intervention. The protocol is defined with a 
focus on RPPA data but can be adapted to all 
kinds of molecular data associated with 
adaptive responses.  

1. Data and assessment of data 
quality.  The molecular response data 
collected before and after therapy is used as 
the input in the analysis pipeline. We plan to 
use proteomic (RPPA) and mRNA transcript 
data available from the Moon Shot program, 
Dr. Mills’ laboratory and the RPPA core facility 
at MDACC. Our method can analyze data 
from patient biopsy samples and cell lines. 
Time series and multi-dose perturbation leads 
to statistically and biologically stronger 
analyses but is not a prerequisite. Although it 
is not strictly required, we prefer to analyze 
samples from both drug resistant and 
sensitive cases to identify events specific to 
resistant samples. The comparison of 
samples from drug resistant and sensitive 
cases identify the pathways preferably 
activated in resistant samples (potential 
resistance pathways) and the pathways that 
are immediately impacted by the agents (drug 
activity pathways). The data quality will be 
assessed in two steps. First, the correction 
factor will be calculated using the median 
normalization method to check for errors from 
protein loading.   Second, when replicates are 
available, we will calculate the coefficient of 
variation and Pearson’s correlations between 

Figure 1. Protocol for identification of adaptive resistance 
pathways for nominating effective drug combinations. An 
important step in the calculation involves Target Score 
(TS) calculation. High target score identifies proteins 
involved in adaptive response (e.g., upregulation of RTK 
expression by MEK inhibitor via a feedback loop4) and 
low target score corresponds to the immediate impact of 
the drug (e.g., inhibition of ERK phosphorylation by 
MEK inhibitor). 
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