Single-cell RNA sequencing of paclitaxel-treated
breast cancer cell lines to find individual cell response
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Cancer treatments act on a population of cells, each of which may experience
diﬀerent individual responses to treatment. Such diﬀerential response will
result in resistance to treatment even if a majority of cancerous cells are
eliminated. To examine diﬀerential cell response, we simultaneously profiled
the gene expression and mutation spectrum of individual cells from the
MDAMB231 cell line using next generation sequencing of isolated RNA. A
total of 23 transcriptomes were characterized from paclitaxel-treated and
paclitaxel-surviving cells. We found significant diﬀerent changes in mutation
rates between paclitaxel treated cells, with a dose-dependent increase in
single nucleotide changes in RNA in paclitaxel-treated cells. Cells undergoing
exposure to paclitaxel also showed higher pathway activity in SRC, as well as
an integrin switch from ITGB1 to ITGB3. In contrast, cells that survived a high
dose of paclitaxel showed an insignificant number of single nucleotide
changes, suggesting that these cells either evaded initial paclitaxel exposure
or were better able to repair the eﬀects of paclitaxel exposure. Despite the
RNA sequence similarity between surviving and untreated cells, there were
changes in gene expression and pathway activities including higher PI3K
activity. Paclitaxel-surviving cells also showed activation of pathways
associated with higher proliferation.
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Aggregate RNA sequence coverage across known
genes shows coverage across entire gene length. The top
plot shows the total number of reads that cover any gene
starting at the 5’ end of genes. The bottom blot shows
aggregate coverage starting from the 3’ end of genes.
There is a small 3’ bias towards reads, but solid coverage
even within the 5’ end of genes.
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Single-cell RNA Expression and Pathway Analysis
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Using a Bayesian variant caller originally developed for
DNA and tumor-normal pairs, we called variants in
single-sample mode on both the RNA and on a 10x
whole genome DNA sequencing of the tumor
population. Using the DNA calls at DBSNP loci as the
gold standard, we assessed the sensitivity and
specificity of the RNA calls at high-coverage (30x) loci,
finding ~70% sensitivity and specificity, disregarding
the confounding eﬀects of RNA editing.
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We find highly diﬀerential mutation rates within the
diﬀerent treatment conditions, and a dosage eﬀect
between low and high doses of paclitaxel. Surviving cells
show a variant rate similar to the untreated cells, indicating
that survivors
either repaired
mutations, or
experienced
fewer mutations
initially.
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Treated cells show a switch from Integrin Beta 1 to
Integrin Beta 3, however Beta 3 is lost in the survivors.
Survivors show increased G2/M transition as well as
generally higher proliferation, concordant with a
resumption of cell cycle after stalling.
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Using the Paradigm pathway analysis method,
diﬀerential pathway activities were extracted from the
three treatment groups. Paradigm was able to find
statistically significant diﬀerential sub-pathways in
each condition comparison, something that challenged
traditional RNA-seq diﬀerential expression methods
such as DEseq.
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●

• MAP1A - Microtubule-associated protein 1A
• TTLL5 - Tubulin tyrosine ligase-like family, member 5
• TBCD - Tubulin folding cofactor
• CCT4 - Chaperonin containing TCP1, subunit 4 (delta)
• CHD1L - Chromodomain helicase DNA binding protein 1-like
• TOX - Thymocyte selection-associated high mobility group box
•
•
•
•

NFRKB - Nuclear factor related to kappaB binding protein
CPA3 - Carboxypeptidase A3 (mast cell)
ELFN2 - Extracellular leucine-rich repeat and fibronectin type III
CTNND1 - Catenin (cadherin-associated protein), delta 1

342 genes were found to have
non-silent mutations in at least
one of the surviving cells, with no
observed variants in the
untreated cells’ RNA or in
population’s genomic DNA.
Examining genes mutated in at
least four of the surviving cells
found functional motifs for tubulin
related proteins, DNA-binding
proteins, and proteins involved in
inter-cellular signaling.
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