
Jennifer Bré1,2, Alison L. Dickson1, Oliver J. Read1,2, 
Ying Zhang1, Clarissa M. Czekster1, David J. Harrison1,2 
1) University of St Andrews, St Andrews UK
2) NuCana plc, Edinburgh, UK

INTRODUCTION RESULTS

METHODS

5-FU: The cornerstone of treatment for CRC despite limitations
• Rapid degradation by DPD1

• Generation of toxic metabolites such as FBAL and FUTP2

 • FBAL associated with hand-foot syndrome
 • FUTP associated with dose-limiting RNA toxicities (diarrhea, mucositis & myelosuppression)
• Requires enzymatic activation by thymidine kinase (TK)
NUC-3373: A targeted inhibitor of TS
• ProTide transformation of FUDR-MP, the active anti-cancer metabolite of 5-FU3,4

• Designed to overcome the key 5-FU resistance mechanisms
 • Protected from breakdown by DPD
 • FUDR-MP generation independent of intracellular enzymatic activation
• NUC-3373 generates significantly higher levels of FUDR-MP compared to 5-FU5,6

Aim
Investigate a potential DNA-mediated mode of action for NUC-3373
Hypothesis
In addition to being a potent TS inhibitor, NUC-3373 also exerts anti-cancer activity via a 
DNA-mediated pathway

• 5-FU treatment results in FUTP incorporation into RNA (FUr up to 91x higher for 5-FU than NUC-3373)
• NUC-3373 treatment results in FdUTP incorporation into DNA (FdUr below limit of detection for 5-FU)

• dUTPase prevents misincorporation of uracil into DNA
• NUC-3373 retains cytotoxic activity in the presence of dUTPase
 • dUTPase knockdown increases NUC-3373 potency confirming a DNA-mediated mode of action

• NUC-3373 induces S-phase arrest and causes more DNA damage than 5-FU confirming a    
 DNA-mediated mode of action
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NUC-3373 induces S-phase arrest and DNA damage
48 hours

CRC cell lines
HCT116 and SW480 cell lines treated with equimolar NUC-3373 or 5-FU for 
6 hours (intracellular metabolites & DNA damage experiments) or 24 hours (incorporation into 
nucleic acid and dUTPase knockdown experiments)
Similar outcomes observed for both HCT116 and SW480 cells but only HCT116 presented
Intracellular metabolite profile 
Quantification of FUDR-MP, dUMP, FUTP by LC-MS/MS
LLOQs: FUDR-MP=5nM, dUMP=50nM, FUTP=1nM
RNA and DNA incorporation
FUr and FdUr by LC-MS/MS were used as surrogate markers of FUTP and FdUTP to 
determine incorporation into RNA and DNA, respectively
LLOQs: FUr=0.5nM, FdUr= 0.1nM

dUTPase knockdown
Knockdown with siRNA against DUT gene (scramble siRNA for control) validated by 
Western Blot and cytotoxicity assessed by sulforhodamine B assay 
Cell cycle
Cell cycle analysis was performed with flow cytometry using propidium iodide at 24 hours  
DNA damage
Immunofluorescence microscopy was used to analyze ɣH2AX expression at 48 hours 
as a marker of DNA damage in CRC cells

NUC-3373 has a more targeted DNA 
mode of action than 5-FU
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CONCLUSION
In addition to being a potent TS inhibitor, NUC-3373 has a cytotoxic DNA-mediated mode of action
Compared to 5-FU, NUC-3373:

• Generates significantly higher intracellular levels of FUDR-MP
• Results in greater accumulation of dUMP
• Does not generate detectable levels of FUTP, associated with dose limiting toxicities 
• Results in DNA incorporation and induces greater DNA damage

NUC-3373 is currently being investigated in patients with advanced CRC 
(NuTide:302 Phase Ib/II; NCT03428958)

NUC-3373 is a potent TS inhibitor that does not generate toxic metabolite FUTP

NUC-3373 is primarily incorporated into DNA 
RNA DNA

NUC-3373 has a more potent DNA-mediated mode of action than 5-FU

• NUC-3373 generates up to 
 83x higher FUDR-MP than 
 5-FU (measured by AUC)

• NUC-3373 generates up to   
 120x higher dUMP than 
 5-FU (measured by AUC)

• NUC-3373 does not 
 generate FUTP#
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Figure 1.  FUr and FdUr were used as surrogate for FUTP and FdUTP incorporation into RNA and DNA

Figure 2.  Profile of key metabolites in cells following treatment with 5-FU or NUC-3373

Figure 3.  Incorporation of FUr and FdUr into RNA and DNA, respectively, in cells following treatment with 10µM 5-FU or NUC-3373
#below limit of detection

Figure 4.  The effect of dUTPase knockdown on sensitivity of cells following treatment with 5-FU or NUC-3373

Figure 6.  Cell cycle analysis and expression of ɣH2AX in cells following treatment with 5-FU or NUC-3373 (insets represent untreated cells)   

Figure 7.  NUC-3373 & 5-FU mode of action and metabolism comparison
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ABBREVIATIONS: 5-FU: 5-fluorouracil,     AUC: area under the curve,      CRC: colorectal cancer,     DHFU: dihydrofluorouracil,     DNA: deoxyribonucleic acid,     DPD: dihydropyrimidine dehydrogenase,     dTMP: deoxythymidine monophosphate,     dUMP: deoxyuridine monophosphate,     dUTPase: deoxyuridine 5’-triphosphate nucleotidohydrolase,     FBAL: α-fluoro-β-alanine,     FdUr: fluorodeoxyuridine,     FdUTP: fluorodeoxyuridine triphosphate,     FUr: fluorouracil,     FUDR: fluorodeoxyuridine,     FUMP:  fluorouridine monophosphate,     FUDP: fluorouridine diphosphate,     FUTP: fluorouridine triphosphate,     IC50: half maximal inhibitory concentration,     LC-MS/MS: liquid chromatography mass spectrometry,     LLOQ: lower limit of quantification,     
 OPRT: orotate phosphoribosyl, transferase,     RNA: ribonucleic acid,     siRNA: short interfering RNA,     TK: thymidine kinase,     TP: thymidine phosphorylase,     TS: thymidylate synthase   

FUDR-MP dUMP FUTP
NUC-3373 5-FU NUC-3373 5-FU NUC-3373 5-FU

Treatment 
(µM)

AUC Total             
(hr*pmol) /106 cells

AUC Total             
(hr*pmol) /106 cells

AUC Total             
(hr*pmol) /106 cells

0.1 # # 72.2 (±16.1) # # #

0.5 3.5 (±0.7) # 385.1 (±51.8) # # #

2 20.8 (±5.0) # 922.0 (±229.0) 7.7 (±9.4) # 17.0 (±4.0)

10 114.3 (±14.4) 1.4 (±0.8) 2184.0 (±579.0) 278.5 (±95.8) # 105.8 (±15.4)


