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Introduction and Background

Caspase-cleaved Keratin 18 (ccK18) Epithelial
Apoptosis Biomarker

Keratins 8 and 18 (K8/18) are intermediate
filament proteins expressed specifically in
simple epithelial tissues. Dynamic equilibrium
of these phosphoglycoproteins in the soluble
and filament pool is an important determinant
of their cellular functions, and it is known to
be regulated by site-specific phosphorylation
and dynamic  O-GIcNAcylation.  During
apoptotic cell death, numerous cellular
proteins are cleaved by the class of proteolytic
enzymes called caspases, among those also
cytoskeletal proteins as well as Keratin 18.

PEVIVA’s M30 CytoDEATH™ monoclonal
antibody (mAb) is a unique tool for the
specific detection of apoptotic K18 that has
been cleaved by multiple caspases, liberating
a neo-epitope (M30) that is specifically
recognized by M30 CytoDEATH™ mAb.
Specific proteolytic cleavage of K18 is an event
taking place before disruption of membrane
asymmetry and DNA strand breaks occur.
Numerous studies confirm that M30
CytoDEATH™ mAb detects only apoptotic but
not viable or necrotic cells. Reactivity of M30
CytoDEATH™ mAb in immunohistochemistry is
associated with the apoptosis index by TUNEL
and shows superior reliability in conditions
when DNA double strand breaks are
independent of apoptosis. The capacity of
M30 CytoDEATH™ mAb in flow cytomery and
immunohistochemistry studies to distinguish
between necrotic and apoptotic epithelial
cells has been verified in several disease

reliable determination of apoptosis from very
early until well advanced stages in single cells
and tissue sections of epithelial origin.

The M30 CytoDeath™ ELISA specifically
detects a caspase-cleaved cytokeratin-18
fragment. The M30 CytoDeath™ ELISA can be
used to quantify apoptosis of epithelial cells in
cell culture experiments. The assay has a
dynamic range and sensitivity suitable for in
vitro work. The M30 CytoDeath™ ELISA is a
powerful drug screening tool and is useful for
in vitro characterisation of apoptosis-inducing
drugs. The M30 CytoDeath™ ELISA method is a
versatile tool to examine apoptosis in
multicellular spheroids. It will measure the
formation of caspase-cleaved cleavage
product in the interior of spheroids. The
method does not require exogenous
substrates that do not freely diffuse into
multicellular spheroids. It is also possible to
use tissue slices from ex vivo tumors to
measure apoptosis. In this application, tumors
are sliced and explanted into culture. Drugs
are added and the levels of cleaved product
released to the medium is analysed. The
epithelial cell specificity of the M30
CellDeath™ ELISA offers the key advantage for
co-culture systems and tissue that apoptosis
of non-epithelial cells (e.g. stroma,
endothelial, immune cells, fibroblasts) will not
be detected since these cells do not express
K18.
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For the detection of apoptotic K18 release,
this study uses the PEVIVA AB M30
CytoDeath™ ELISA. Different cell / tissue lysis
buffers were compared in their efficacy to
rapidly release and solubilise the caspase-
claved K18 fragment, to maximise the
sensitivity of the standard assay, which will
allow the use in tissue culture settings, where
only limited numbers of epithelial cells are
available, e.g. profiiling of drug sensitivity of
carcinoma cells in patient’s primary tumor
tissue or multicellular tumor spheres made
from established tumor cell lines.

As test substance, Staurosporine, a known
potent apoptosis inducing agent and a Keratin
18 positive human HCC cell line HepG2 were
chosen.

Materials and Methods

Assays and Reagents

e M30 CytoDeath™ ELISA
(PEVIVA, REF: 10900) detecting human
caspase-cleaved K18 (ccK18).
e M30 CytoDeath MAb
(PEVIVA, REF: 10700) specific for ccK18.
e M5 Keratin 18 MAb
(PEVIVA, REF: 10600) for human K18.
e M6 Keratin 18 MAb
(PEVIVA, REF: 10650) for human K18.

Human Hepatocellular Carcinoma (HCC) cell
line

e HepG2 (ATCC HB-8065)

Media and Compounds

e DMEM Cell Culture Medium (Biochrome)

e Fetal Calf Serum (FCS) (HyClone)

e Staurosporine (STS) (Sigma)

e Cytoskeleton Solubilisation Buffer (CSB)
(TecoMedical)

Cell Culture and Test Set-Up

Adherend HepG2 human liver carcinoma cells
were seeded (100 pl in DMEM maintenance
medium containing 5% FCS) at cell densities
doubling at every level from 625 to 20,000
cells / well in a 96-well culture plate and were
treated with the pan-protein kinase inhibitor
Staurosporine (STS) at a concentration of 1
uM. Control cells were treated with DMSO in
100 pl maintenance medium per well for 8hs.
After incubation with STS for 2, 3, 5 and 8h,
cells were lysed by the addition of 100 pl lysis
buffer NP40 (1%) or CSB (0.75%) to yield a
final concentration of 0.5% or 0.375%
respectively and frozen at -20°C. Upon
thawing at 37°C, cell lysates were diluted 1:5
with DMEM medium without FCS, mixed well
and 25 ul of the pre-diluted lysate analysed
with the M30 CytoDeath™ ELISA according to
the manufacturer’s instructions.

To confirm the efficient solubilisation of intact
and ccK18 duplicates of the different cell
lysates were subjected to Western blot
analysis using either the M30 CytoDEATH™
MADb (apoptosis specific ccK18) or the M5
MAb that detects a conventional epitope
present on intact Keratin 18 and ccK18, thus
representing total K18 levels. The distribution
of ccK18 (M30) and K18 (M5) was investigated
for the insoluble (pellet) and soluble
(supernatant) cell fraction.
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ccK18 Sample Preparation and ELISA and
Western Blot Assay

Cell Lysis and Solubilisation Buffer

Thaw Cytoskeleton Solubilisation Buffer (CSB,
sterile without preservative, with 0.75% active
detergent and freeze protection agent) and
the standard lysis buffer made of 1% Nonidet
P40 (NP-40) at 37°C (water bath). Vortex and
leave buffers at room temperature (RT) for 30
mins before use.

Cell Lysis Procedure

Drug treated (STS at 1 uM) and untreated
control HepG2 cells were lysed according to
the following protocol:

Pipette 100 ul of CSB to the cell culture wells
containing cells in 100 pl complete cell culture
medium, mix well and keep at RT for at least
15 mins until assayed. Alternatively, freeze
samples in cell culture plates at -20°C
(packaged in zip-lock bags in case of frost-free
freezers to avoid evaporation).

Do not wash cells as this will remove floating
dead cells and ccK18 and K18 from dead cells
already released into the supernatant.

In case of starting from frozen samples, thaw
cell culture plates at 37°C (water bath) and
mix well with pipette. To avoid CSB
interference with the M30 CytoDeath™ ELISA
analysis transfer cell lysates to
microcentrifuge tubes or 96 microtiter test
wells for a 1:5 (vol:vol) pre-dilution e.g. with
serum-free DMEM medium.

M30 CytoDeath™ ELISA

For analysis with M30 CytoDeath™ ELISA
apply 25 ul of the diluted cell lysates to the
pre-coated ELISA plate and use the kit
according to the instructions by the
manufacturer.

Cell Fractionation and Western Blot

For the analysis by Western blot, cell lysates
were prepared as described before with the
exception that the pre-dilution step was
omitted and the STS incubation time point of
2h at a cell density of 20,000 per well selected.

Centrifuge the cell culture plates with the
lysed cells at 800g for 10 mins at 4°C.

For the analysis of the soluble protein fraction,
transfer supernatant (S) (200 ul) to micro-
centrifuge vials and add 5x Laemmli SDS
denaturation buffer (50 ul), mix well and heat
at 95°C for 5 mins. Apply 25 ul to the SDS-
PAGE (15%), followed by a standard Western
blot procedure using M30 CytoDEATH™ MAb
(ccK18) and M5 Keratin 18 MAb at 0.1 pg/ml,
respectively for 1h at RT, followed by 3
washes in washing buffer and incubation with
GaM 1gG-POD (1 : 5,000) for 30 mins, 3
washes in washing buffer and ECL detection
(30 sec. exposure).

Resuspend the cell pellet (P) in 200 ul CSB
(0.375%) or NP-40 (0.5%) and add 5x Laemmli
SDS denaturation buffer (50 pl), mix well and
heat at 95°C for 5 mins, apply 25 pul to the SDS-
PAGE (15%) followed by the Western blot as
described before.

For the 2 day cell culture supernatant
experiment, 24 ul were taken from the 200 pl
cell culture supernatant and denatured with
5x Laemmli buffer (6 ul) and applied to SDS-
PAGE and Western blot analyses as described
above. Cell Lysates can be stored at -20°C.
Avoid multiple freeze/thawing cycles.

Table 1: Instrument settings for ccK18 readout on
the Infinite M200 PRO

Measurement parameter Instrument
settings
Mode Absorbance
Measurement Wavelength 450nm
Reference Wavelength 630nm
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Results and Discussion

CSB compared to NP-40 sample lysis buffer

Staurosporine is known to cause apoptosis by
inhibiting protein kinases. Cell toxicity was
studied by measuring the extra- and
intracellular content of caspase-cleaved K18
by M30 CytoDeath™ ELISA and by Western
immunoblot using the same monoclonal
antibody employed in the ELISA: M30
CytoDEATH™ at different time points and cell
density per cell culture well. As shown in
Figure 1, treatment of HepG2 cells with 1 uM
STS led to a time-dependent increase in ccK18.

CSB Key Features

e Highly sensitive detection of released
apoptotic K18 from lysed HepG2 cells.

e Detection of apoptotic cytotoxicity from
as early as 2h (10,000 cells per well).

e Standard assays (8h) only require 1,000
cells per well.
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Fig. 1
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Figure 1: Kinetic of apotosis quantification by M30
CytoDeathTM ELISA using different cell densities / well.

Measurement of ccK18 lysed in high sensitivity lysis
buffer CSB (A, C) compared to standard NP-40-based
lysis buffer (B, D) from the same HepG2 cell culture.
The dotted line represents 2x of the detection limit of
the assay.

CSB compared to NP-40 sample lysis buffer

Using different solubilisation detergents in the
cell assay/lysis buffer (NP-40 or CSB) it could
be shown that the distribution ratio of both

Figure 2: Western blot analysis shows improved
solubilisation of ccK18 and K18 with the novel CSB
compared to the standard NP-40 lysis/assay buffer.

The applied protein loading corresponds to a cell lysate
of 20,000 cells, divided into soluble (S) and insoluble (P)
fraction. cck18 was detected by M30 CytoDEATH™
mADb, and intact K18 by M5 Keratin 18 mAb (PEVIVA).
Loading control was Erk2 MAP kinase (clone 6G11),
with a cytosolic localisation. Control (non-induced)
HepG2 cells were harvested after 2h in (A), or after the
incubation of STS apoptosis inducer for 2h. (B).

After long-term exposure (48h) with STS, ccK18 (M30)
and K18 (M5, M6 MAb) were readily detectable in the
cell culture supernatant of 20,000 cells per well (C).
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Conclusion

Whereas there are a range of cytotoxicity
assays available, such as intracellular ATP, LDH
release, Live/Dead dyes, these cannot
selectively quantify the cell death of the target
organ, for example epithelial hepatocytes
when co-cultured with non-parenchymal
(NPC), endothelial, macrophage-like Kupffer
cells. In this respect K18, is very useful as an
epithelial (organ) specific biomarker, which
will not contribute to the cytotoxicty reading
derived from by-stander cell death of the
supporting cell matrix.

Secondly, some compounds may specifically
induce the apoptotic cell death, which
requires a bono fide biomarker, which does
not detect proteinase activity not associated
with apoptosis as is often the case with the
use of synthetic peptide substrates. Lastly,
ccK18 is a stable cellular apoptotic caspase
substrate, which will accumulate, thus
allowing an integrative measure of apoptosis
over time.

Whereas the direct detection of enzymatic
caspase activity in vitro provides only a snap-
shot of this event, it also requires specific
assay conditions and has an optimal time
window for maximal activity, requiring
repeated sampling.

TE1026 Cytoskeleton Solubilisation Buffer
(CSB) (20ml with 0.75% detergent and
cryoprotective agent)

Store at -20°C. Thaw CSB at 37-50°C, mix
vigorously and let stand at RT for 30 min
before use. CSB is stable for 2-3 weeks at 4°C
or for up to 1 year when apportioned into
working aliquots and stored at -20°C.

Expiry Date: Expires one year from date of
receipt when stored as instructed.

Outlook

The new CSB sample buffer system, which
only requires 25 pl of the pre-diluted lysate
may be useful to overcome the current
sensitivity limitation of M30 CytoDeath™
ELISA to quantitate selectively hepatocyte
apoptosis based on intracellular and/or
released ccK18.

For a standard cytotoxicity assay with an 8h or
longer incubation time with a (organ) toxic
drug candidate the use of CSB less than 1,000
epithelial target cells (e.g. carcinoma,
hepatocytes, lung or kidney epithelial cells)
are required for M30 CytoDeath™ ELISA.

Alternatively, if higher cell numbers are
available >10,000 per 96 well, e.g. in multi-
layer scaffold cultures (collagen, hydrogel,
etc.) or conventional 2D cultures, the
detection of in vitro apoptoxicity using M30

CytoDeath™ ELISA can be as early as 2h.
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