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Torcetrapib
Cholesterylester transfer protein (CETP)
transforms high-density lipids (HDL), the 
άƎƻƻŘέ ŎƘƻƭŜǎǘŜǊƻƭΣ ƛƴǘƻ ƭƻǿ-density lipids 
ό[5[ύΣ ǘƘŜ άōŀŘέ ŎƘƻƭŜǎǘŜǊƻƭΣ ƭŜŀŘƛƴƎ ǘƻ 
heart disease ςthe no. 1 cause of death!

Genetic CETP deficiency causally linked to 
increase in HDL and less heart disease ς
CETP is a proven drug target.

Torcetrapibinhibits CETP!

tŦƛȊŜǊ /9hΥ ά¢Ƙƛǎ ǿƛƭƭ ōŜ ƻƴŜ ƻŦ ǘƘŜ 
most important compounds of our 
ƎŜƴŜǊŀǘƛƻƴΦέ (30 November 2006)
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Torcetrapib

Development 
starts

First human 
trial

Efficacy first 
shown

Mass 
production 

begins

Withdrawn due to 
άŜȄŎŜǎǎƛǾŜ 
ƳƻǊǘŀƭƛǘȅέ

(2 December 2006)

Total cost to Pfizer: over $800 million

Dead patients: 31 3



Torcetrapib

ÅTorcetrapibwas found to increase blood 
pressure (hypertension) ɀnot a good idea, 
especially for heart disease patients!

ÅHypertension is not due to CETP inhibition ɀ
genetic deficiency and other inhibitors have 
no hypertensive effect.

ÅFurther studies indicate the issue is off-target 
effects of torcetrapib, but there is still no 
definitive answer.
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Kidney

ÅBlood pressure (BP) regulation 
is a function of the kidney.

ÅBP regulation by the kidney is 
both hormonal (RAAS) and 
metabolic ɀthe kidney 
(re)absorbs sodium and water 
from the blood, changing the 
volume of the blood and BP.
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Game Plan

1. Reconstruct (predict) a 
metabolic model of the kidney.

2. #ÏÌÌÅÃÔ ÔÈÅ ËÉÄÎÅÙȭÓ ÍÅÔÁÂÏÌÉÃ 
functions. 

3. Predict off-target enzymes for 
torcetrapib.

4. Find which predicted off-
targets of torcetrapibdamage 
the functionality of the 
predicted kidney metabolic 
model.

5. Hopefully explain why 
torcetrapibfailed, save future 
money and lives?
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Kidney Model Reconstruction

Metabolites detected 
in both biofluidand 
organ were assumed 
freely exchangeable 
in the model, and the 
remainder of the 
metabolite 
exchanges were 
tentatively 
constrained to zero.

Metabolite exchange, 
transport, and demand 
reactions required to 
achieve some functions 
were added to the network
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GIMMEPreliminary 
kidney model Kidney metabolic 

functions
Kidney gene 
expression

Final kidney 
model
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Kidney Model
333 reactions 

(excluding 
exchange)

336 genes (243 
active in 
expression)

Cross-validationof gene expression input shows good recall (p-value < 5e-22).
Comparisonwith proteomics shows 40% of detected enzymes not included in 

this model.
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Predict proteins with structural similarity to CETP

Map proteins to metabolic enzymes and gene-
protein-rules (fixed 3 GPRs). 41 off-target 
enzymes linked to 97 reactions.

Predict inhibition by torcetapibς28 reactions 
found.
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The predictions
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BACKUP
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Role of CETP in regulating macrophage cholesterol 
efflux via ABCA1 and ABCG1

Tall, A. R. et al. ArteriosclerThrombVascBiol 2007;27:257-260

When CETP is active there is exchange of HDL cholesteryl
esters (CE) for triglycerides in VLDL, leading to 
enrichment of HDL with triglyceride; subsequent lipolysis
via various lipases may lead to release of lipid-poor apoA-
1, providing substrate for ABCA1-mediated cholesterol 
efflux. Cholesterol efflux to HDL particles occurs via 
ABCG1 or via passive diffusion processes. Both ABCA1 
and ABCG1 are induced in macrophage foam cells by the 
transcription factors LXR/RXR.

When CETP is inhibited, there may be reduced 
regeneration of lipid-poor apoA-1 via lipid exchange-
lipolysis, potentially resulting in less cholesterol efflux via 
ABCA1. At higher levels of CETP inhibition (probably 
>50%), large apoE- and LCAT-rich HDL particles 
accumulate and promote cholesterol efflux via ABCG1 
and passive diffusion.

We speculate that these particles may have a variety of 
antiatherogenicproperties. In addition, there is reduced 
cholesterol in the VLDL/LDL fractions, as a result of 
decreased transfer of CE, increased catabolism of LDL 
particles, and possibly increased clearance of VLDL 
remnants by the liver. 15


