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Integration of Cell Line and Clinical Trial Genome-Wide
Analyses Supports a Polygenic Architecture of Paclitaxel-
Induced Sensory Peripheral Neuropathy

Heather E. Wheeler', Eric R. Gamazon?, Claudia Wing', Uchenna O. Njiaju®, Chidiamara Njoku';

Robert Michael Baldwin®, Kouros Owzar*, Chen Jiang®*, Dorothy Watson®, Ivo Shterev®, Michiaki Kubo®,

Hitoshi Zembutsu®, Eric P. Winer®, Clifford A. Hudis’, Lawrence N. Shulman®, Yusuke Nakamura®®, Mark J.
Ratain’, and Deanna L. Kroetz® for the Cancer and Leukemia Group B; Nancy J. Cox?, and Mary Eileen Dolan’

Abstract

Purpose: We sought to show the relevance of a lymphoblastoid cell line (LCL) model in the discovery of
clinically relevant genetic variants affecting chemotherapeutic response by comparing LCL genome-wide
association study (GWAS) results to clinical GWAS results.

Experimental Design: A GWAS of paclitaxel-induced cytotoxicity was conducted in 247 LCLs from the
HapMap Project and compared with a GWAS of sensory peripheral neuropathy in patients with breast cancer
(n = 855) treated with paclitaxel in the Cancer and Leukemia Group B (CALGB) 40101 trial. Significant
enrichment was assessed by permutation resampling analysis.

Results: We observed an enrichment of LCL cytotoxicity-associated single-nucleotide polymorphisms
(SNP) in the sensory peripheral neuropathy-associated SNPs from the clinical trial with concordant allelic
directions of effect (empirical P = 0.007). Of the 24 SNPs that overlap between the clinical trial (P < 0.05)
and the preclinical cytotoxicity study (P < 0.001), 19 of them are expression quantitative trait loci (eQTL),
which is a significant enrichment of this functional class (empirical P = 0.0447). One of these eQTLs is
located in RFX2, which encodes a member of the DNA-binding regulatory factor X family. Decreased
expression of this gene by siRNA resulted in increased sensitivity of Neuroscreen-1(NS-1; rat pheochro-
mocytoma) cells to paclitaxel as measured by reduced neurite outgrowth and increased cytotoxicity,

functionally validating the involvement of RFX2 in nerve cell response to paclitaxel.

Conclusions: The enrichment results and functional example imply that cellular models of chemo-
therapeutic toxicity may capture components of the underlying polygenic architecture of related traits in
patients. Clin Cancer Res; 19(2); 491-9. ©2012 AACR.

introduction

Paclitaxel is a tubulin-targeting agent, widely used in the
treatment of malignant disease, including ovarian, breast,
lung, and head and neck cancers. Its long-term use is often
limited by sensory peripheral neuropathy, although the
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mechanism of this toxicity is poorly understood. In one
recent large study of more than 1,500 patients with breast
cancer, severe (grade 3) sensory peripheral neuropathy
occurred in 4% of patients treated with 4 cycles and 10%
of patients treated with 6 cycles of single-agent paclitaxel
(1). Currently, genetic prediction of which patients with
cancer may experience severe side effects induced by pac-
litaxel treatment is not possible (2), but several preliminary
genetic associations have been made (3-8). If patients likely
to experience such toxicities could be identified before
beginning a paclitaxel regimen, patient care might be
improved by implementing a reduced dose or an alternative
treatment.

Because accruing large patient cohorts receiving the same
drug regimen for discovery genome-wide and replication
studies in oncology is challenging, several groups of inves-
tigators have used lymphoblastoid cell lines (LCL) as a
discovery tool and for follow-up functional studies (9~
13). LCLs are easy to experimentally manipulate and the
genetic background and expression environment is known.
The LCL model also permits functional validation studies of
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