
This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. We will replace this Accepted Manuscript with the edited 
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 

Accepted Manuscript

MedChemComm

www.rsc.org/medchemcomm

View Article Online
View Journal

This article can be cited before page numbers have been issued, to do this please use:  D. Nhu, G.

Lessene, D. C.S. Huang and C. J. Burns, Med. Chem. Commun., 2016, DOI: 10.1039/C5MD00582E.

http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/
http://dx.doi.org/10.1039/C5MD00582E
http://pubs.rsc.org/en/journals/journal/MD
http://crossmark.crossref.org/dialog/?doi=10.1039/C5MD00582E&domain=pdf&date_stamp=2016-03-18


MedChemComm 

ARTICLE 

This journal is © The Royal Society of Chemistry 2015 MedChemComm, 2015, 00, 1-3 | 1 

Please do not adjust margins 

Please do not adjust margins 

Received 00th January 20xx, 

Accepted 00th January 20xx 

DOI: 10.1039/x0xx00000x 

www.rsc.org/medchemcomm 

Small molecules targeting Mcl-1: The search for a silver bullet in 

cancer therapy
† 
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 Guillaume Lessene,
abc
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 and Christopher J. Burns*
abd

Mcl-1 (Myeloid-cell-leukemia-sequence-1) is a pro-survival member of the Bcl-2 family of proteins. Mcl-1 has been shown 

to be critical to the survival of a variety of cancer cells and to mediate resistance to conventional and targeted 

chemotherapeutics. Whilst potent and selective small molecule inhibitors of Bcl-2 and Bcl-XL have been developed, the 

discovery of selective inhibitors of Mcl-1 has proven more problematic and only very recently have potent and selective 

inhibitors been described. In this review we outline key features of Mcl-1 biology, and chemical approaches and outcomes 

of inhibiting this important survival protein for the treatment of cancers. 

Introduction 

Apoptosis is an elegant and highly ordered process of cell 

removal that occurs in normal development and tissue 

homeostasis.
1, 2

 Cells can be programmed to undergo

apoptosis by death receptors (known as the extrinsic pathway) 

or disruption of mitochondrial integrity (the intrinsic pathway), 

with both routes leading to activation of caspases which 

irreversibly execute cell death.
3
 In the context of cancer, cells

can hijack these inherent pro-survival mechanisms to escape 

elimination,
4
 and thus, evasion of apoptosis is defined as a

hallmark of cancer.
3
 Significant effort has therefore been

invested into finding inducers of apoptosis for treatment of 

cancer. 

The key regulators of the intrinsic apoptosis pathway belong to 

the Bcl-2 protein family, which comprise pro-survival and pro-

apoptotic sets of proteins (Figure 1).
5
 The pro-survival proteins 

consist of Bcl-2 and the homologs Bcl-XL, Bcl-w, Bcl-2 A1, and 

Mcl-1. The pro-apoptotic proteins are categorised into two 

groups: the BH3-only proteins including Bim, Noxa, Puma, Bid 

and Bik (the sensors of apoptosis stimuli); and the 

multidomain proteins Bax, Bak and Bok.
6,7

The BH3 domain residing in the apoptotic proteins plays a 

critical role, not only in defining affinity and specificity for 

binding to the pro-survival partners, but also in effecting cell-

killing.
8
 Thus, in response to apoptotic signals, pairing of the 

BH3-only proteins with pro-survival proteins releases the 

death effectors Bax and Bak. Oligomerization of these two 

proteins drives permeabilization of the mitochondrial outer 

membrane leading to cytochrome c release into the cytosol, 

activation of caspase 3 (via formation of the apoptosome 

complex) and thence the downstream caspase-cleavage 

cascade. This sequence of events is the signature of cells 

undergoing apoptosis via the intrinsic pathway.
9

Dysregulation of the cellular levels of pro-survival proteins is 

the main mechanism for evasion of apoptosis, and drugs 

inhibiting the pro-survival activity of Bcl-2 proteins to restore 

cell death may therefore be valuable as cancer therapeutics. 

As a consequence the discovery of small molecules which 

either structurally or functionally mimic BH3-only proteins has 

been a significant focus in recent years.
10,11

 The discovery of 

ABT-737, a potent tool compound antagonising Bcl-2, Bcl-w 
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and Bcl-XL represented a landmark achievement in this field.
12

 

The subsequent development of clinical candidates ABT-263 

(navitoclax)
13

 (Bcl-2/Bcl-XL inhibitor) and ABT-199/GDC-0199 
(venetoclax)

14
 (selective Bcl-2 inhibitor), and the probe Bcl-XL 

inhibitors WEHI-539,
15

 A-1155463
16

 and A-1331852,
17

 have 
demonstrated the potential of highly potent small molecules 

targeting Bcl-2 proteins as cancer therapeutics.
18-21

The development of equally potent BH3 mimetics specific for 

Mcl-1, however, has been slower despite its clear role in 

cancer progression and drug resistance (vide infra). This is in 

part a consequence of the binding site for Mcl-1 which is 

predicted to be shallower and less flexible.
22

 Nevertheless, 
Mcl-1 inhibitors from various chemotypes and with differing 

properties with respect to potency, selectivity and efficacy, 

have been reported in the literature. In this review we critically 

assess compounds that have been reported to directly inhibit 

MCL-1’s pro-survival activity
23

 and discuss those compounds 

that are bona fide Mcl-1 inhibitors and those that are suitable 
leads for further medicinal chemistry optimization. 

Role of Mcl-1 in cancer and therapeutic potential 

of targeting Mcl-1 

Increased levels of Mcl-1 protein have been implicated in the 

initiation and maintenance in both haematological cancers and 

solid tumours. Thus, there is expanding literature which 

documents the pivotal role of Mcl-1 in haematological 

malignancies including acute myeloid leukaemia (AML),
24

 

multiple myeloma (MM),
25

 and acute lymphoblastic lymphoma 
(ALL)

26
 amongst others.

26, 27
 The seminal study by Glaser et.al 

demonstrated that genetic deletion of one Mcl-1 allele in AML-

reconstituted mice was sufficient to eradicate AML cells 

whereas blocking other pro-survival proteins, including Bcl-2 

and Bcl-XL, was not.
24

 Amplification of Mcl-1 was also shown to 
be prerequisite to transform and sustain leukemic B cells 

expressing BCR-ABL fusion, a form of ALL with poor treatment 

outcome.
28

 Although a critical role for Mcl-1 in development 
and maintenance of solid tumours has not been definitively 

established, knockdown of Mcl-1 with siRNA has been 

reported to induce apoptosis in prostate
29

 and pancreatic
30

 cell 
lines amongst others.

31
 High-resolution analysis of somatic 

copy-number alterations from human cancer specimens 

identified amplifications in the MCL1 gene in 10.9% of cancers 

including breast and lung cancer.
32

 These findings indicate that 
targeting Mcl-1 to combat these cancers may be beneficial.  

A role for Mcl-1 in chemoresistance has also been 

demonstrated. For example, cancer cells may hijack Mcl-1 to 

survive when other pro-survival Bcl-2 proteins have been 

blocked. Upregulation of Mcl-1 has been observed in various 

cancer cell lines that have developed resistance to ABT-263 

and ABT-737.
33-35

 Further, elevated levels of Mcl-1 have been 

documented following genotoxic drug treatments of patients 

with chronic lymphocytic leukemia (CLL) and correlated with 

increased cell viability and consequently relapse and 

treatment failure.
36-38

 Over-expression of Mcl-1 has been 
attributed to the failure of solid tumour cell lines to undergo 
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chemotherapy-induced senescence,
39

 whilst gene silencing of 
Mcl-1 has been shown to circumvent drug-resistance in 

glioblastoma,
40

 colon cancer and lung cancer in preclinical 
models.

41
 Taken together, these data indicate that effective 

targeting of Mcl-1 may address mechanisms of relapse and 

chemo-resistance which are significant obstacles in effective 

cancer treatment. 

Small molecule antagonists of Mcl-1 

This review discusses Mcl-1 inhibitors reported in the peer-

reviewed literature up to mid-2015. We have assessed each 

compound series based on published data and assessed 

compounds based on their biochemical and cellular data with 

particular focus on cellular potency and selectivity. In addition, 

chemical structures and functionality known to be reactive or 

lead to assay artefacts are also flagged.
42

Peptide and oligomeric inhibitors 

The successful design of non-natural peptides (foldamers) as 

mimetics of the BH3-only pro-apoptotic proteins to engage the 

apoptotic response has recently been demonstrated.
24, 43

 A Bim 

variant, Bimαs2A and a Puma-like peptide with high affinity for 

Mcl-1, were able to elicit apoptosis in AML and MEF cell lines.
24, 43

 

Stapled peptides based on the BH3 template of Noxa, exploiting 

the inherent specificity of this BH3-only protein towards Mcl-1, 

have been reported to possess enhanced stability and cell 

penetration.
44, 45

 The activity of these peptide inhibitors to induce 

Bax/Bak dependent apoptosis
44

 lends support to the specificity of 

this type of antagonist, however the role of the staple in the 

activity of these compounds has been questioned.
46

 

Oligomeric small molecules that act as α-helix mimetics have also 

been reported, such as the water-soluble oligoamide JY-1-106 (1) 

(Figure 2) which weakly neutralized Mcl-1 at low micromolar 

ranges.
47

 JY- 1- 106 (1) was able to disrupt Mcl- 1/Bak dimers, 

restore apoptosis and inhibit tumour growth in a lung cancer 

xenograft mouse model with no apparent toxicity issues.
48

 

JY-1-106 and other similar terphenyl compounds are designed to 

replicate the side chain trajectory of an ideal isolated α-helix, 

however, as the actual conformation of the compounds in the 

cellular milieu may be different, the mechanism of action of these 

molecules needs further validation. 

Pan inhibitors of pro-survival proteins 

A number of the BH3 mimetics developed to date possess 

measurable binding affinity against Mcl-1 (Table 1).  

Figure 2. Pan inhibitor JY-1-106 (1)
55
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Pan BH3-mimetics in clinical studies (Figure 3): Gossypol 2a 

and obatoclax 3 are the only two pan Bcl-2 inhibitors reported 

to antagonise Mcl-1 that have advanced to phase II clinical 

trials. Isolated from the plant Gossypium, (-)-Gossypol (AT-101) 

(1a) binds Bcl-XL, Bcl-2, Mcl-1 and Bcl-w at low micromolar 

affinity and induces apoptosis in various human cancer cell 

lines.
49-53

 Despite the potency reported for 2a and its

derivatives such as apogossypol (2b-c) and apogossypolone 

BI112D1 (4),
54, 55, 56

the cytotoxicity is not wholly Mcl-1 

dependent as these compounds were active on Bax/Bak 

deficient fibroblasts.
57,58

 Given that Bax/Bak are essential for

cells to undergo apoptosis via the intrinsic pathway,
59

 this

outcome suggests that the single-agent efficacy effects 

observed in transformed cells are not solely due to inhibition 

of pro-survival proteins.
60, 61

 Likewise, obatoclax (3), which

displays a similar binding profile to 2a,
62

 also killed Bax/Bak

deficient fibroblasts again indicating off-target effects.
58, 63, 64

In clinical studies in patients with AML, ALL and CLL both 2a 

and 3 have not demonstrated significant benefit due to dose 

limiting toxicity that may be a consequence of their non-

selectivity.
65, 66

Pan BH3-mimetics in pre-clinical development (Figures 4, 5): 

The compound series 5, a truncated version of ABT-737, was 

designed to mimic the trajectory of two key residues of the 

BH3-only protein Bim.
22

 These compounds were weakly active

and exhibited low micromolar affinity to Mcl-1 in binding 

assays while cellular cytotoxicity was observed only at very 

high concentrations (IC50 10-40 µM).
67

 The planar heterocyclic

compound S1 (6) was reported to potently neutralize both Bcl-

2 and Mcl-1 and mediate Bax/Bak dependent apoptosis in 

vivo;
45, 68, 69

however, subsequent studies indicated that 

induction of Noxa was responsible for the cell death 

response.
70

 Moreover, although related systems 7a-b and the

acyclic cyanoacrylamide 8,
71

 derived from 6,
72

 were reported

to possess sub-micromolar binding affinity towards Mcl-1, 

further studies are required to validate their activity as bona 

fide BH3-mimetics. Compound 9, identified from virtual 

screening as a moderate Mcl-1 binder,
73

 was shown to induce

cell death via mechanisms unrelated to pro-survival proteins,
73

possibly in part related to the reactive rhodanine-like scaffold 

present in this compound.
74, 75

 In light of this data, the related

compound BCL-LZH 40 (10), reported as a nanomolar Mcl-1 

inhibitor 
76, 77

 requires further investigation in cellular systems.

Tanaka and colleagues prepared pyrazolopyridine 11 which 

was found to bind to Mcl-1 with submicromolar potency (IC50 

Figure 3: Clinically studied pan inhibitors of Bcl-2 proteins and their derivatives 

Table 1. Binding affinity of pan-inhibitors of members of Bcl-2 family 

Compound In vitro activity (Ki , μM)
a
 Ref 

Mcl-1 Bcl-2 Bcl-XL 

ABT-737 >1
a

0.12 0.064 
13 

ABT-263 0.5
a 

<0.001 <0.0005 
13 

ABT-199  >0.444 <0.0001 0.048 
14 

2a (-)-Gossypol 1.75
a 

0.28
a 

3.03
a 49,50 

2b (-)-Apogossypol 2.60
 

2.80
 

3.69
 55 

2c  BI79C1 0.20
a 

0.32
a
 0.31

a
 

56 

3 Obatoclax 2.90
 a
 1.11

 a
 4.69

 a
 

60,66 

4 BI112D1 0.025
a
 0.031

a
 0.076

a
 

56,57 

5a  

5b  

4.10 

3.11 

0.76 

0.80 

1.50 

1.27 

23 

6 (S1)  0.058 0.310 
45,68 

7a  

7b  

0.050 

0.010 

0.190 

0.020 

0.165 

0.018 

72 

8 0.160 - - 
71 

9 DCBL55 6.4 3.1 3.4 
73 

10 BCL-LZH 40 0.2 0.53 0.017 
76 

13  0.088
a 

- 0.0037
a 78 

a
Values were obtained under different experimental conditions. Comparison 

of absolute affinities may be misleading. 
b
IC50 value
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0.54 µM).
78

 Binding studies of fragments of ABT-263 led to the

selection of acylsulfonamide 12 (IC50 0.15µM) for the 

development of hybrid structures as dual Mcl-1/Bcl-XL 

inhibitors. Thus, the pyrazolopyridine fragment of 11 was 

joined to 12 via a linker (Figure 5). This resulted in the 

discovery of 13 which exhibits 6-fold and 40-fold enhancement 

in binding affinity towards Mcl-1 and Bcl-XL, respectively, over 

the individual components. 

Selective inhibitors of Mcl-1 

Preclinical and clinical studies of the dual Bcl-2/Bcl-XL inhibitor 

ABT-263 indicate that inhibition of Bcl-XL results in toxicity to 

platelets.
14,79

 The development of Mcl-1 inhibitors with

improved selectivity over Bcl-XL should therefore avoid this 

side effect. Despite the topological and sequence similarity 

between Mcl-1 and the other Bcl-2 family members, the 

nature of the binding groove of Mcl-1 appears to be more 

open and less flexible compared to the other pro-survival 

proteins.
22

 A tabulation of reported selective small-molecule

antagonists of Mcl-1 is presented in Table 2. 

Compounds identified from chemical screening (Figure 6): 

Screening for small molecules selectively disrupting Mcl-1–BH3 

peptide complexes have identified potential Mcl-1 antagonists 

of varied chemotypes from libraries of natural and synthetic 

compounds. The plant metabolite gambogic acid (14)
80

 and the

marine Streptomyces metabolite, marinopyrrole A (referred to 

as maritoclax) (15a), displaced the counterpart Bim-BH3 

peptide from Mcl-1 more effectively than from other Bcl-2 

homologs.
81, 82

 Inhibition of tumour angiogenesis has been

reported for gambogic acid (14) in xenograft models of 

prostate and glioma malignancies with few side effects.
80

Treatment of Mcl-1 dependent human leukaemia
82

 and

melanoma
83

 cell lines with 15a led to caspase-dependent

apoptosis. Elaborated marinopyrrole analogues, such as 15c,
84

 

also possess low micromolar binding affinity for Mcl-1, as do 

the cyclic analogues 16a,b.
85,86

 Both 14 and 15a, however,

have displayed additional activities, namely proteasome 

associated mechanisms responsible for modulation of Mcl-1 

levels that interestingly may synergise with their primary 

effects on Mcl-1 binding.
83, 87, 88

Library screening has also led to the discovery of the thiazolyl 

derivative Mcl-1 inhibitor molecule 1 (MIM-1) 17
89

 and the

hydroxyquinoline 18.
90

 Initial reports documented that these

compounds preferentially disrupted Mcl-1/Bax and Mcl-1/Bim 

heterodimers compared to the corresponding Bcl-XL dimers. In 

cellular assays, only modest activities were observed for the 

putative Mcl-1 inhibitor 17, although the apoptosis observed 

was Bax/Bak dependent implying selectivity for Mcl-1.
57, 89

 The

high concentrations of these compounds required to elicit 

apoptosis does not preclude the possibility of off-target driven 

cellular toxicity. For example, the structural features of 17 and 

18, particularly their ability to chelate metals and generate 

Figure 5: Hybrid compound 12 as dual Bcl-xL/Mcl-1 inhibitor and component parts
Figure 6: Mcl-1 inhibitors identified from chemical screening and SAR optimization 

Table 2: Binding affinity (FP-based assay) of reported selective Mcl-1 antagonists 

Compound Activity (IC50, μM) Ref 

Compounds identified from chemical screening 

14 Gambogic acid 0.79 
80 

15a  10 
81-83 

16a  1.4
a
 

85 

17 MIM-1 4.78 
89 

18 0.31 
90 

Compounds identified from structure-guided hit-to-lead optimization 

19 Tw-37 0.26  
50 

20a UMI-77 1.87
b
 

94 

20b-d 0.17-0.29 
94 

21a 

21b 

6.9 

8 

96,97 

Compounds derived from fragment-based screening 

22 0.18 (66% inhibition)
b 100 

23 0.03 
101 

25a 

25b 

0.05-35
b
 

0.12- 1.6
b
 

102 

26a 

26b 

0.00043
c
 

0.00045
c
 

103 

a
ELISA assay IC50 value. 

b
Ki value from Fluorescence Polarization-based assay.

c
Ki value from TR-FRET assay 
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redox active species
91,92

 may result in other biological

activities, and therefore further validation is necessary to 

confirm their function as a bona fide BH3-mimetics.
74

Compounds identified from structure-guided hit-to-lead 

optimization (Figure 7): Several compounds from structure-

guided hit-to-lead optimization programs have been reported 

to be specific Mcl-1 inhibitors. The benzenesulfonyl derivative 

TW-37 (19) was discovered using computational-aided design 

and NMR studies, inspired by molecular docking of (-)-

Gossypol (2a).
48

 Compound 19 displaced Bax and t-Bid from

human recombinant Mcl-1 and Bcl-2 with comparable binding 

affinity (<0.3 μM)
93

 but induced Bax/Bak dependent apoptosis

only in Mcl-1 dependent cell lines.
57

 Although the high

concentration required (≥10 µM) is sub-optimal for 

therapeutic application, 19 may serve as a valuable lead for 

further optimization of Mcl-1 selective inhibitors. In 

competition assays with fluorescently labelled Bid-BH3 peptide 

and recombinant Bax, UMI-77 (20a) selectively bound to Mcl-1 

and also disrupted Mcl-1:Noxa dimers in cell lysate.
94

Compound 20a induced apoptosis in pancreatic cancer cell 

lines with high Mcl-1 expression whereas the compound was 

less active in Bcl-XL-amplified or Mcl-1 silenced cell lines.
94

 

Treatment with 20a also caused more cell death in wild-type 

than in Bax/Bak
 
double knockout (DKO) MEFs (60% versus 

16%). These results support that the compound does indeed 

act as an Mcl-1 inhibitor; however its activity in Mcl-1 deficient 

cells, Bax/Bak DKO and wild-type MEFs indicates that 

additional mechanisms of action are contributing to its 

cytotoxicity. Exploiting an ionic interaction between 20a and 

an additional hydrophobic pocket of Mcl-1 afforded high 

nanomolar binders 20b-d. Their efficacies were confirmed in 

apoptosis assays where both analogues induced Bax/Bak-

dependent cell death, accompanied by caspase activation in 

human AML cell lines and in Eµ-Myc lymphoma cell lines over-

expressing Mcl-1 and Bcl-2.
95

The rhodanine derivatives 21a,b have also been reported as 

Mcl-1 inhibitors 
96,97

 from screening a small library of 

analogues based on the Bcl-XL inhibitor BH3I-1;
98

 however, as

stated previously, the potential issues with rhodanine 

derivatives raises concerns over the usefulness of these 

compounds as drug leads.
75,99

 

Compounds derived from fragment-based-screening (Figure 8): 

Several research groups have undertaken fragment-based 

screens to identify selective Mcl-1 inhibitors. The 

benzylpiperazines, such as 22 (IC50 0.18 µM), inhibited Mcl-1 

without cross-binding to Bcl-2 and Bcl-XL.
100

 Similar potencies

were observed for compounds identified from an NMR-based 

fragment screening study that identified two promising 

scaffolds represented by the arylsulfonamide 23 (IC50 0.03 µM) 

and salicyclic acid 24 (IC50 0.57 µM). The naphthyl moiety of 24 

occupied the same space as the conserved isoleucine residue 

of Bim, Noxa and Puma as determined by X-ray 

crystallography.
101

 An alternate hit series which displayed Mcl-

1 selectivity are the indoles (e.g. 25a) and benzothiophenes 

(e.g. 25b).
102

 Cellular activity of these compounds has,

however, not been reported. Researchers at AbbVie have 

studied related systems based on the indole-2-carboxylic 

scaffold and have obtained significant potency improvements 

with the sulfonamides 26a,b that possess picomolar Mcl-1 

inhibition.
103

 Importantly, these compounds induce the

hallmarks of apoptosis in Mcl-1 dependent cell lines without 

cytotoxicity in MEF cells lacking Bax/Bak.
104

 In addition, 

synergy was observed with co-administration of 26b and ABT-

263, to effectively kill a panel of cell lines expressing both Bcl-

XL and Mcl-1.
104

 These results indicate that 26a,b satisfy the

characteristics of true BH3-mimetics and further study across a 

range of cell types will demonstrate the therapeutic potential 

of these agents in various cancers. Unfortunately these 

Figure 8: Mcl-1 inhibitors developed by fragment-based screening 

Figure 7: Mcl-1 inhibitors developed by structure-guided hit to lead optimization 
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compounds show only low micromolar activity against Mcl-1 

dependent cells presumably as a result of their zwitter-ionic 

nature possibly limiting cellular permeability and through high 

plasma-protein binding. 

Targeting Mcl-1 Regulation 

Mcl-1 is differentiated from other Bcl-2 family members in its 

regulation pathway (short half-life, degradation/stabilization 

mechanism) which also offers the opportunity to indirectly 

target this protein. Whilst beyond the scope of this review, 

small molecule inhibitors of both natural and synthetic origin 

have been reported to possess Mcl-1 dependent cellular 

cytotoxicity through these mechanisms. Examples include 

inhibitors of kinases involved in transcription such as CDK7 and 

CDK9;
105

 spliceosome inhibitors such as the natural product

FR901464;
106

 and blocking Mcl-1 translation through inhibition 

of kinases such as Mnk1/2 and mTOR
107

 or via inhibiting

translation initiation with the natural product silvestrol and 

analogues.
108, 109

Conclusions 

Amplification of Mcl-1 expression has been implicated in 

commitment to transformation, maintenance of malignant 

cells, as well as drug resistance in various cancers. The 

discovery of potent and selective BH3-mimetic Mcl-1 

antagonists is a significant drug design challenge. The recent 

disclosure of the potent Mcl-1 inhibitors 26a and 26b that 

possess selective activities within cells represents the current 

state-of-the-art and demonstrates that design of such 

compounds is indeed feasible. 

As Mcl-1 plays a pivotal role in both normal and malignant 

cells, targeting Mcl-1 may be a double-edged sword. Recent 

publications have shown that genetic deletion of Mcl-1 in 

cardiomyocytes in mice results in impaired autophagy and 

mitochondria dysfunction, manifested by fatal heart failure.
110, 

111
 In addition, immunosuppressive regulatory T cells require 

Mcl-1 for survival and ablation of Mcl-1 causes lethal 

autoimmune disease.
112

 Neutrophils are similarly also highly

sensitive to Mcl-1 depletion.
113

 Taken together, these findings

indicate that clinical deployment of Mcl-1 inhibitors may be 

associated with significant on-target toxicity. Further study 

with potent and selective Mcl-1 inhibitors such as 26a,b will 

clearly allow a greater understanding of the therapeutic 

potential of these agents and the potential toxicities 

associated with their use. 
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