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Cistein-proteasi che tagliano a monte di un residuo di Asp
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Ø Membri della famiglia di Bcl-2 (B-cell lymphoma 2)

Ø Inhibitori dell’ apoptosi (IAPs)

Ø Antagonisti di IAP (SMAC/DIABLO)
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I membri della famiglia di Bcl2 regolano l’equilibrio 
tra sopravvivenza e morte cellulare

ONCOGENI ONCOSOPPRESSORI
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Ø Membri della famiglia di Bcl-2 (B-cell lymphoma 2)

Ø Inhibitori dell’ apoptosi (IAPs)

Ø Antagonisti di IAP (SMAC/DIABLO)
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IAPs legano direttamente le CASPASI 

RING (really interesting new gene) domain conferisce attività ubiquitin protein 
ligase (E3) causando degradazione di proteine proapoptotiche 14



Fuchs Nat Rev Cancer 2015

IAP antagonists
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unfolding of proteins and reduced protein synthesis in
the cell, and an adaptor protein known as TNF receptor
associated factor 2 (TRAF2) dissociates from procas-
pase-12, resulting in the activation of the latter [22].

3. Apoptosis and carcinogenesis
Cancer can be viewed as the result of a succession of
genetic changes during which a normal cell is trans-
formed into a malignant one while evasion of cell death
is one of the essential changes in a cell that cause this
malignant transformation [32]. As early as the 1970’s,
Kerr et al had linked apoptosis to the elimination of
potentially malignant cells, hyperplasia and tumour pro-
gression [8]. Hence, reduced apoptosis or its resistance
plays a vital role in carcinogenesis. There are many ways
a malignant cell can acquire reduction in apoptosis or
apoptosis resistance. Generally, the mechanisms by
which evasion of apoptosis occurs can be broadly divi-
dend into: 1) disrupted balance of pro-apoptotic and
anti-apoptotic proteins, 2) reduced caspase function and
3) impaired death receptor signalling. Figure 2

summarises the mechanisms that contribute to evasion
of apoptosis and carcinogenesis.

3.1 Disrupted balance of pro-apoptotic and anti-apoptotic
proteins
Many proteins have been reported to exert pro- or anti-
apoptotic activity in the cell. It is not the absolute quan-
tity but rather the ratio of these pro-and anti-apoptotic
proteins that plays an important role in the regulation
of cell death. Besides, over- or under-expression of cer-
tain genes (hence the resultant regulatory proteins) have
been found to contribute to carcinogenesis by reducing
apoptosis in cancer cells.
3.1.1 The Bcl-2 family of proteins
The Bcl-2 family of proteins is comprised of pro-apop-
totic and anti-apoptotic proteins that play a pivotal role
in the regulation of apoptosis, especially via the intrinsic
pathway as they reside upstream of irreversible cellular
damage and act mainly at the mitochondria level [33].
Bcl-2 was the first protein of this family to be identified
more than 20 years ago and it is encoded by the BCL2

Figure 2 Mechanisms contributing to evasion of apoptosis and carcinogenesis.
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Biomarkers for Smac Mimetic–Based
Therapies

Several biomarkers have been used to assess the pharmacody-
namic activity of Smac mimetics in clinical trials. This comprises
markers of target engagement in surrogate tissue such as periph-
eral blood mononuclear cells (PBMC) or tumor tissue (i.e.,
degradation of cIAP1 levels due to Smac mimetic–stimulated
autoubiquitination and proteasomal degradation), markers of
apoptosis in blood or tumor tissue (i.e., cleavage of caspases or
caspase substrates such as PARP or cytokeratin-18) as well as
blood markers of inflammation related to Smac mimetic–medi-
ated activation of signaling pathways (i.e., increase in inflamma-
tory cytokines such as TNFa, MCP-1, IL6, and IL8).

A study evaluating the pharmacodynamics of GDC-0917
administered to patients with refractory solid tumors or lym-
phoma showed rapid down-modulation of cIAP1 in PBMCs as
well as decreased cIAP1 levels and increases in activated cas-
pase-3 and cleaved PARP in tumor biopsies (27). LCL161 was
reported to trigger rapid and sustained degradation of cIAP1
protein in paired pre- and postdose tumor and skin biopsies as
documented by semiquantitative IHC and also in PBMCs
shown by Western blot analysis (26). Furthermore, LCL161
was described to stimulate a rapid cytokine release with dose-
dependent increases in TNFa, MCP1, IL8, and IL10 levels (26).
Clinical pharmacokinetic/pharmacodynamic studies with
Debio1143 revealed a clear link between pharmacokinetics,
markers of target engagement, and apoptosis over the dose
range explored (31, 33). Debio1143-stimulated on-target phar-
macodynamic effects were documented by degradation of
cIAP1 in PBMCs, which was accompanied by increased plasma
levels of inflammatory cytokines such as MCP-1 postdose and
induction of apoptosis as demonstrated by increased plasma
levels of caspase-3–generated cytokeratine-18 fragments
(CK18-M30; refs. 31, 33). Furthermore, a phase II clinical study
on pharmacodynamic biomarkers verified on-target activity of

birinapant (i.e., depletion of cIAP1 in PBMCs and tumor tissue)
and developed biomarkers of drug effects (i.e., cleavage cas-
pases or PARP, upregulation of inflammatory cytokines such as
TNFa, IL6, and IL8; ref. 34). Although these biomarkers may
serve as indicators of pharmacodynamic activity of Smac
mimetics, reflecting on-target effects and engagement of sig-
naling pathways, they are not suitable for patient selection, as
they do not accurately predict the response to treatment with
Smac mimetics. Also, upregulated IAP protein levels did not
directly correlate with sensitivity to Smac mimetics in preclin-
ical studies. It remains therefore a challenge to develop suitable
biomarkers that can be used to guide therapeutic decisions, for
example, to select patients for enrollment into clinical trials
with Smac mimetics.

Clinical Efficacy of Smac Mimetics as
Monotherapy

Initial phase I clinical trials also showed some evidence of
antitumor activity of Smac mimetics as monotherapy. Best
responses were documented for two complete remissions fol-
lowing administration of GDC-0917 in patients with ovarian
carcinoma or mucosa-associated lymphoid tissue lymphoma
(27), for tumor regression in a patient with colon cancer treated
with HGS1029 (28), and for reduction of melanoma metastatic
lesions by 11% upon treatment with Debio1143 (31). Ten
out of 53 patients treated with LCL161 had a best response
of stable disease, which in 2 patients lasted longer than 3
months (26). Also, cases of stable disease over several months
were encountered for additional Smac mimetics, i.e., stable
disease for more than 3 months in 4 out of 42 patients treated
with GDC-0917 (27), stable disease for more than 6 months
in 2 out of 44 patients [i.e., non–small cell lung cancer
(NSCLC) and adrenocortical carcinoma)] that received HGS-
1029 (28), and stable disease in 5 out of 31 patients upon
treatment with Debio1143 (31).

Table 1. Clinical trials with Smac mimetics

Compound Combination Cancer type Status Phase I/II Reference
LCL-161 None Solid tumors Completed Phase I NCT01098838
LCL-161 None Leukemia Recruiting Phase II NCT02098161
LCL-161 Paclitaxel Solid tumors Completed Phase I NCT01240655
LCL-161 Paclitaxel Solid tumors Recruiting Phase I NCT01968915
LCL-161 Paclitaxel Breast cancer Completed Phase II NCT01617668
LCL-161 Gemcitabine Pancreatic cancer Recruiting Phase I NCT01934634
LCL-161 Cyclophosphamide Multiple myeloma Recruiting Phase II NCT01955434
GDC-0152 None Solid cancers Completed Phase I NCT00977067
CUCD-427 None Lymphoma Recruiting Phase I NCT01908413
Birinapant None Solid tumors Completed Phase I/II NCT01188499
Birinapant None Solid tumors, lymphoma Completed Phase I NCT00993239
Birinapant None AML Completed Phase I/II NCT01486784
Birinapant None Ovarian, peritoneal and fallopian tube cancer Completed Phase II NCT01681368
Birinapant Gemcitabine Solid tumors Terminated Phase I NCT01573780
Birinapant 5-Aza MDS Active, not recruiting Phase I/II NCT01828346
Birinapant 5-Aza MDS, CMML Recruiting Phase II NCT02147873
Birinapant Conatumumab Ovarian, peritoneal and fallopian tube cancer Recruiting Phase I NCT01940172
AT-406 Daunorubicin, cytarabine AML Terminated Phase I NCT01265199
Debio1143 None Solid tumors, lymphoma Completed Phase I NCT01078649
Debio1143 Paclitaxel, carboplatin Solid tumors Recruiting Phase I NCT01930292
Debio1143 Cisplatin, radiotherapy Head and neck carcinoma Recruiting Phase I/II NCT02022098
HGS1029 None Solid tumors Completed Phase I NCT00708006
HGS1029 None Lymphoid malignancies Terminated Phase I NCT01013818

Abbreviations: 5-Aza, 5-Azacitidine; AML; acute myelogenous leukemia; CMML, chronic myelomonocytic leukemia; MDS, myelodysplastic syndrome.
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