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Measurement of DNA repair proteins in human tissues by liquid chromatography-tandem mass 
spectrometry with isotope-dilution
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Malignant tumors possess increased DNA repair capacity that may affect the therapy and outcome of cancer. Thus, DNA repair 
proteins are becoming predictive, prognostic and therapeutic factors in cancer. Accurate measurement of expression levels 

of these proteins in tumors and normal tissues will likely help develop and guide treatment strategies. We developed an approach 
involving LC-MS/MS with isotope-dilution to positively identify and accurately quantify several DNA repair proteins in human 
cells, including APE1 and MTH1. As a major endonuclease in mammals, APE1 is involved in base excision repair and possesses 
other functions. Evidence points to the predictive and prognostic value of APE1 expression and subcellular localization in human 
cancers. MTH1 sanitizes the nucleotide pool so that oxidatively modified 2’-deoxynucleoside triphosphates (dNTPs) cannot be used 
in DNA replication. Cancer cells require MTH1 to avoid incorporation of modified dNTPs resulting in DNA damage leading to 
apoptosis. We produced 15N-labeled full-length human APE1 and MTH1 be used as internal standards. Unlabeled and 15N-labeled 
proteins were digested with trypsin and analyzed by LC-MS/MS. Numerous tryptic peptides of APE1 and MTH1 were identified 
by their mass spectra. Multiple-reaction monitoring was used to monitor characteristic mass transitions of peptides. Subsequently, 
APE1 and MTH1 were identified and quantified in cultured human cell lines, and in human normal and cancerous breast tissues. 
Overexpression and subcellular de-localization in cancer cell lines and breast cancer tissues were observed. The novel approach 
developed in this work may help elucidate the role of APE1 and MTH1 in disease development and treatment responses.
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