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Dear Editor:

Caspase regulation and activation have been extensively
studied since the discovery of this class of proteases almost
two decades ago, yet surprisingly few tools are available
that can be used to monitor individual caspase activities
[1]. The most commonly used tools include caspase-specific
anti-sera as well as fluorogenic substrates and inhibitors.
Unfortunately, antibody reagents often do not provide an
accurate measure of caspase activity since several caspase
family members (caspases 8/10 and 9) do not require pro-
teolytic processing for activation [2, 3]. Furthermore, recent
evidence suggests that caspase-7 (an executioner caspase)
activation occurs via a catalytically active full-length inter-
mediate that cannot be differentiated from the non-cleaved
inactive zymogen using antibodies [4, 5].

As an alternative to antibody-based reagents, small
molecule substrates and inhibitors can be used to directly
monitor caspase activity and a relatively large number of
caspase substrates, inhibitors, and activity-based probes are
now commercially available. These reagents have begun
to find widespread use in cell biological and biochemical
studies of caspase function. In most cases, these tools are
used as selective reagents to assess the contribution of
specific caspases to a given apoptotic pathway.

Virtually, all of the current commercially available re-
agents have been designed based on the reported optimal
substrate specificity profiles for the caspases [6]. However,
these primary peptide sequences may provide only limited
selectivity when used in the context of a small molecule
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inhibitor. Interestingly, a comprehensive study of the selec-
tivity of the most commonly used commercially available
caspase inhibitors has never been reported. Thus, we felt
that a study of the selectivity of these inhibitors towards
endogenous caspases in complex proteomes would be
extremely valuable. We chose to focus on three widely
used covalent caspase inhibitors containing the optimal
substrate specificity sequences DEVD, I/LETD, and LEHD
designed to target caspases 3/7, 8, and 9, respectively. For
these studies, we obtained three commercially available
inhibitors (Z-DEVD-FMK, Z-IETD-FMK, and Z-LEHD-
FMK) equipped with a fluoromethylketone (FMK) reactive
group. We also synthesized three inhibitors that contained
the same peptide sequences (NP-DEVD-AOMK, NP-
LETD-AOMK, and NP-LEHD-AOMK) but linked to
the acyloxymethylketone (AOMK) reactive group shown
previously to be effective towards caspases [7, 8] (Figure
1A). To test inhibitor selectivity against caspases 3, 7, and
9 we used an apoptotic proteome in which the intrinsic
apoptotic pathway is activated through addition of cyto-
chrome c and dATP [9]. Since there is currently no simple
method to monitor endogenous caspase-8 activity, we tested
the inhibitors against purified recombinant caspase-8 at
the physiologically relevant concentration of 50 nM (See
Supplement 1 for Materials and Methods) [2].

To assess caspase inhibition, we added cytochrome ¢/
dATP to cytosolic 293 extract and allowed the samples to
incubate for 10 min at 37 °C at which time the panel of in-
hibitors was added at a range of concentrations and allowed
to inhibit active caspases for 10 min. After incubation, the
poly-caspase probe KMBO1 (biotin-hex-EVD-AOMK) [8]
was added to label residual caspase active sites for an ad-
ditional 30 min. After 10-min incubation with cytochrome
¢ and dATP, KMBO1 labels the fully cleaved forms of 20
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Figure 1 (A) Structures of FMK and AOMK inhibitors. Indirect competition of FMK (B) and AOMK (C) inhibitors with active caspases
3, 7, and 9 in apoptotic cytosolic extract (top panels) and with active recombinant caspase-8 (lower panels; note: cytochrome ¢/dATP
were not added to caspase-8 samples). Residual caspase active sites were labeled with 20 uM KMBO01 (Biotin-hex-EVD-AOMK) for
30 min after inhibitor treatment at the concentrations indicated. Samples were analyzed by SDS-PAGE followed by biotin blotting using
streptavidin-HRP (Sigma). Caspases are represented as follows: FL-C7, p35 C9 (35 kDa form of caspase-9), p33 C9 (33 kDa form of
caspase-9), p20 C7/C3 (20 kDa forms of caspases 3 and 7), p17 C3 (17 kDa form of caspase-3), and p24 C8 (24 kDa form of caspase-8).
FL-C7 accumulates over time in cytosolic extracts due to inhibition of downstream executioner caspases consistent with the hypothesis
that processing of active FL-C7 to fully processed mature forms is carried out by executioner caspases [5].

kDa forms of caspases 3 and 7 and the 17 kDa form of
caspase-3. A 37-kDa active full-length form of caspase-
7 (FL-C7) and a 33-kDa active form of caspase-7 with
an N-terminal cleavage (AN-C7) are also visible. Active
caspase-9 is present as 33 and 35 kDa active forms. The
identification of all caspases has been confirmed through
immunoprecipitation experiments using specific anti-sera
[5]. Recombinant caspase-8 was pre-activated in caspase
buffer (100 mM Tris, 2 mM DTT, 0.1% CHAPS, 10%
sucrose, pH 7.4) for 10 min followed by a 30-min incuba-
tion with inhibitor and a 30-min incubation with KMBO1
(Figure 1B and 1C). Active caspase-8 is visible as a single
24 kDa form in this assay.

The results of our study clearly show that all inhibitors
tested demonstrate significant cross-reactivity towards non-
target caspases. In general, the AOMK warhead slightly
increased selectivity and increased potency towards the

desired target caspase relative to the FMK reactive group. In
particular, the caspase-3 targeted inhibitors Z-DEVD-FMK
and NP-DEVD-AOMK completely inhibited caspase-9 at
high concentrations and showed significant cross-reactivity
towards caspase-8 at all concentrations tested. The caspase-8
targeted compounds Z-IETD-FMK and NP-LETD-AOMK
did show good potency towards caspase-8, and also showed
significant cross-reactivity towards caspases 3 and 9. The
two caspase-9 targeted compounds (Z-LEHD-FMK and NP-
LEHD-AOMK) were weak caspase-9 inhibitors yet showed
relatively good potency towards caspases 3 and 8 suggesting
that the LEHD, in the context of an irreversible inhibitor,
is a particularly poor selectivity sequence for caspase-9.
The results of this study and others [5] suggest that cross-
reactivity with endogenous caspase-3 may be unavoidable
due to the high concentrations of active caspase-3 relative
to other caspases. However, due to their lower endogenous
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concentrations, selectivity between caspases 8 and 9 may be
achieved with better inhibitor design. Achieving selectivity
between caspases 8 and 9 is especially important for experi-
ments designed to distinguish between the contributions of
intrinsic and extrinsic apoptosis pathways.

The overall purpose of this communication is to high-
light the caveats of using small molecule caspase inhibitors
to assess the role of specific proteases in a given biological
process. In particular, extreme care should be taken when
using covalent inhibitors that contain peptide sequences
based only on optimal substrate profiles. In our small
study of covalent inhibitors, we have shown that none of
the compounds are highly selective and all exhibit broad
inhibition when used at high concentrations. Furthermore,
it is possible that other “selective” caspase inhibitors de-
signed to target other caspases may demonstrate similar
cross-reactivity when used at concentrations required
for cell-based studies. One must be aware of this lack of
selectivity both when carrying out experiments and when
evaluating studies in which claims are made regarding
the role of individual caspases based solely on “selective”
inhibitor studies.

As an increasing number of selective reagents become
available some of the issues of cross-reactivity that we
currently face may become less of an obstacle; however,
comprehensive studies using multiple reagents and meth-
ods will be required to confirm the selectivity of any new
reagents and the selectivity of commercially marketed
compound should be verified by the end user. Only in the
case where target selectivity can be verified in relevant
biological samples should small molecule inhibitors be
used to make claims of specific caspase function.
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