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Figure S1: Metabolism of tamoxifen by the hepatic cytochrome P450 
(CYP) enzymes and the mechanism of the endoxifen (4-hydroxy-N-
desmethyl-tamoxifen) metabolite in breast cell growth inhibition. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4-hydroxytamoxifen 

Tamoxifen 

N-desmethyltamoxifen 

CYP3A4 

N-dem
eth

ylation CYP3A5 

 

4-hydroxylation 

4-hydroxylation 

CYP3A4 

CYP3A5 

CYP2B6 

CYP2C9 

CYP2C1
9 

CYP2D6 

Endoxifen 
CYP2D6  N-dem

eth
ylation 

CYP3A4 

CYP3A5 

Liver Cell 

Breast Cell 

Nucleus 

Estrogen Estrogen-receptor 

Coactivators 

Cell 
membrane 

(b) (c) 

ERE 

ERE 

(a) 

DNA 



 2 

Footnotes: (a) Tamoxifen is metabolised by two pathways to endoxifen. The main metabolic 
pathway (>90% of tamoxifen metabolism, illustrated by a thicker arrow) involves N-
demethylation (illustrated by brown arrows) by CYP3A4 and CYP3A5, which yields the more 
potent metabolite N-desmethyltamoxifen. N-desmethyltamoxifen then undergoes 4-
hydroxylation (illustrated by grey arrows) by CYP2D6 to the more potent metabolite endoxifen 
(4-hydroxy-N-desmethyl-tamoxifen). The second (minor) pathway of tamoxifen metabolism 
(illustrated by a thinner arrow) involves 4-hydroxylation by multiple CYP isoforms including 
CYP2D6 to the metabolite 4-hydroxytamoxifen, which has shown to be 30- to 100-fold more 
potent than tamoxifen.[1] A further N-demethylation of 4-hydroxytamoxifen catalysed by 
CYP3A4 and CYP3A5 contributes a small percentage of plasma endoxifen concentration. 
Although endoxifen and 4-hydroxytamoxifen have comparable anti-estrogenic potency, 
plasma endoxifen concentration has shown to be much higher (6- to 10-fold) than that of 4-
hydroxytamoxifen.[1,2] Endoxifen also has a 100-fold greater affinity for the estrogen receptor 
(ER) than tamoxifen or N-desmethyltamoxifen.[2] (b) The presence of endoxifen out-
competes estrogen (as well as tamoxifen and N-desmethyltamoxifen) in binding to the ER at 
the breast cell membrane. The successful endoxifen-bound ERs form ER-dimer, which is 
then translocated into the nucleus (not drawn to scale). Endoxifen-bound ER-dimer then 
binds to the estrogen response element (ERE) and blocks recruitment of transcriptional 
coactivators, causing transcriptional repression and inhibition to breast cell growth. (c) In the 
absence of tamoxifen therapy, the estrogen-bound ER-dimer is translocated into the nucleus 
and activates recruitment of transcriptional coactivators via binding to the ERE. This leads to 
transcriptional activation (indicated by a black arrow) and breast cell growth. 
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