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Abstract. Malignant pleural mesothelioma (MPM) is a rare
aggressive cancer of the pleura primarily associated with
prior exposure to asbestos. The current standard of care for
patients suffering from MPM is a combination of cisplatin
and pemetrexed (or alternatively cisplatin and raltitrexed).
Most patients, however, die within 24 months of diagnosis.
New therapies are therefore urgently required for this disease.
Inflammation is thought to be a key element in the pathogen-
esis of MPM, and recently Kdm6 family members (Kdmo6a
and Kdm6b) have been identified as playing important roles in
inflammatory processes. As such these genes could potentially
represent novel candidate targets for intervention in MPM.
Using RT-PCR we examined the expression of Kdm6aA and
Kdmé6b in a panel of MPM cell lines and in a cohort of snap-
frozen patient samples isolated at surgery comprising benign,
epithelial, biphasic and sarcomatoid histologies. Both Kdmo6a
and Kdm6b were found to be significantly overexpressed
in MPM at the mRNA level. However, tests examining if
targeting therapeutically Kdmé6a/b using a specific small
molecule inhibitor (GSK-J4) was potentially useful for treating
MPM, revealed that anti-proliferative activity was higher at
lower drug concentrations in cell lines derived from normal
mesothelial cells compared to those derived from malignant
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cells. Treatments with GSK-J4 were found to be associated
with the induction of apoptosis and increased expression of
pro-inflammatory cytokines. As such our results demonstrate
that whilst members of the Kdm6 family are overexpressed in
MPM they may not be suitable candidates for therapy and may
elicit a cytokine storm.

Introduction

Associated with prior exposure to asbestos (1), malignant
pleural mesothelioma (MPM) is an aggressive inflammatory
cancer arising from mesothelial cells lining the pleural, peri-
toneal and pericardial cavities. It has a long latency period,
and because of this, the vast majority of patients present at an
advanced stage resulting in a poor prognosis with a median
survival time of 6-12 months. Current estimates suggest that
43,000 people die from MPM each year with a mortality rate
in the order of 6.2 per million population (2,3). Many countries
have banned the use of asbestos, and data are emerging to
suggest that the incidence of mesothelioma in these countries
may be falling (4-6), although there is some dispute regarding
these projections (7). Furthermore, the long-termrisk to younger
people exposed to asbestos still present in many buildings is
not currently known but could be substantial (8). Nevertheless,
it is generally accepted that MPM mortality rates will continue
to increase by 5-10% per year in most industrialized countries
for the next 2-3 decades, despite asbestos ablation efforts (7).
In addition, asbestos consumption continues to increase in
emerging countries such as such as Brazil, and a new wave of
MPM is predicted in such countries (9).

The current standard of care is a combination of peme-
trexed (or raltitrexed) and cisplatin chemotherapy (10).
Unfortunately, this treatment only has a patient response rate
of between 23-40% and is non-curative (11,12). Consequently,
there is an urgent need to identify novel therapeutic avenues in
this disease to improve patient outcomes.
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Dysregulation of epigenetic transcriptional control,
particularly in the areas of promoter DNA methylation and
histone post-translational modifications, is a well-established
feature of human malignancies, including mesothelioma
(13-15). The pharmaceutical sector has devoted significant
efforts to develop agents capable of targeting the epigenetic
machinery. The potential to target the epigenetic machinery
in MPM initially came from data in a phase I trial of vorino-
stat a histone deacetylase (HDAC) inhibitor, in which 4 of 13
patients with MPM (30%) who received vorinostat had stable
disease lasting more than 4 months with two unconfirmed
partial responses (16). Unfortunately, when vorinostat was
given as a second-line or third-line therapy in the phase III
trial (VANTAGE 014) of 660 pretreated advanced MPM
patients it did not improve overall survival, and the recom-
mendation was therefore that it was unsuitable as a therapy in
MPM patients (17).

Despite this, evidence continues to emerge suggesting that
targeting the epigenetic machinery may be a viable therapeutic
option in MPM. For example, we recently demonstrated that
KATS (a lysine acetyltransferase) was overexpressed in MPM
and a suitable potential candidate for therapeutic interven-
tion (18). Furthermore, the potential importance of targeting
the epigenetic machinery in MPM has been highlighted by
data emerging regarding MPM patients who have mutated
BRCA1l-associated protein 1 (BAP1). BAP1 plays critical roles
in chromatin remodeling, and loss of BAP1 in MPM cells has
now been associated with altered sensitivity to HDAC inhibi-
tors through regulation of a specific HDAC, HDAC?2 (19).

In a recent analysis of MPM, a subset of genes was
found to be silenced by histone H3 lysine 27 trimethylation
(H3K27me3), a mark most often found at or near the promoters
of silent genes (20,21). Polycomb repressive complex 2
(PRC?2) catalyses tri-methylation of Histone H3 at lysine 27
(H3K27me2/3) (22), and contains the lysine methyltransferase
EZH2. Targeting this complex with the methyltransferase
inhibitor DZNep has been shown to be a potential therapeutic
option in MPM (23), and in particular sensitivity to DZNep
has been linked to a subset of MPM patients that contain
(BAP1) mutation (24), and a phase II clinical trial of the EZH2
inhibitor tazmetostat (EPZ-6438) in mesothelioma is currently
in progress (clinicaltrials.gov NCT02860286).

The proteins which demethylate H3K27me3 have been
collectively identified as the Kdm6 family (20) and include
Kdmé6a (also known as Utx) and Kdm6b (also known as JIMID3)
both of which have been shown to catalyze the demethylation of
H3K27me3 (25,26). The roles of these demethylases in cancer
are less well defined. There are many instances where loss of
expression of these demethylases are found in cancer through
mutation (27). Likewise, there are also many studies which
have shown overexpression of these proteins in cancer (27-29),
and specific inhibitors (GSK-J1/GSK-J4) for the Kdm6 family
have now been developed (30).

Given the pro-inflammatory nature of MPM, and the thera-
peutic potential to target the PRC2 complex, it may also be
possible that the Kdm6 family is a potential candidate thera-
peutic avenue. In the present study, we assessed the expression
of Kdmo6 family members in MPM and the effects of Kdm6
inhibition on MPM cellular health. Our results indicate that
while the Kdm6 family is overexpressed in MPM, selective
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inhibition of this family may not be suitable as a therapeutic
option in MPM.

Materials and methods

Primary tumor samples. Surgical specimens were obtained
as discarded tumor samples from patients who had under-
gone extended pleuro-pneumonectomy at Glenfield Hospital
(Leicester, UK). Benign specimens were acquired from
patients never diagnosed with MPM. Informed consent was
obtained from each patient, and the study was conducted after
formal approval from the relevant Hospital Ethics Committee
(Leicestershire REC references 6742 and 6948). Samples
consisted of the following: 5 benign lesions and 17 MPM
samples (epithelioid, n=7; sarcomatoid, n=4; biphasic, n=6),
and details are provided in Table 1.

All research on these samples was conducted at St. James's
Hospital under the STH/AMNCH research ethics committee
approval (041017/8704).

Cell culture. All MPM cell lines were maintained in a humidi-
fied atmosphere containing 5% v/v CO, in appropriate media
supplemented with 10% v/v fetal bovine serum (FBS) and
penicillin streptomycin (500 U/ml). Cell culture reagents were
purchased from Lonza (Walkersville, MD, USA). A panel of
normal mesothelial cell lines (LP9 and Met5A) and malignant
MPM cell lines (NCI-H2596, MMP, MMB, NCI-H2052,
NCI-H28, Ju77, One58, RS-5, DM-3, ACC-MESO-1,
ACC-MESO-4, Y-MESO-8D, Y-MESO-9, Y-MESO-12,
Y-MESO-14, NCI-H226 and REN) were used in the present
study.

ACC-MESO-1, ACC-MESO-4, Y-MESO-8D, Y-MESO-9,
Y-MESO-12 and Y-MESO-14 were generously provided by
Yoshitaka Sekido (Aichi Cancer Center Research Institute,
Nagoya, Japan).

NCI-H2052, One-58 and JU77 cells were provided by
Duncan Stewart (University of Leicester, Leicester, UK). The
REN and NCI-H226 cell lines were provided by Dean Fennell
(Queen's University, Belfast, Northern Ireland). NCI-H28
and the immortalized non-tumorigenic mesothelial cell line,
Met-5A were purchased from the ATCC (LGC Promochem,
Teddington, UK). DM-3 and RS-5 were purchased from
the Leibniz-Institut DSMZ-Deutsche Sammlung von
Mikroorganismen und Zellkulturen (DMSZ).

The NCI-H226 cell line was authenticated by STR-profiling
(Source BioScience, Nottingham, UK).

Total RNA isolation and RT-PCR amplification. Total RNA
was extracted using TRI reagent according to the manufac-
turer's instructions (Molecular Research Center, Cincinnati,
OH, USA). cDNA was synthesized as follows: 250 ng (primary
tumors) or 1000 ng (cell lines) 250 ng - 1 ug of total RNA
was first pre-treated by digestion with RQ1 DNase (Promega,
Madison, WI, USA). Following inactivation the RQ1 DNase
treated mRNA was converted to cDNA using RevertAid
(Thermo Fisher Scientific) and random hexamers (Roche)
according to the manufacturer's instructions. cDNA was then
stored at -20°C until use.

Expression of Kdm6a, Kdm6b and 18S rRNA was subse-
quently examined by RT-PCR, using the primers outlined in
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Table I. Details of pleura/mesothelioma samples used in the present study.

Patients Pathology (benign, epithelial, biphasic, sarcomatoid) Age (years) Gender

1 Benign-pleural plaque (Benign fibrous plaque and focal chronic inflammation) 55 Male

2 Benign-pleural plaque (Benign hyaline plaques with chronic inflammation + reactive changes) 55 Male

3 Benign-pneumothorax (Chronic inflammatory infiltrate, mesothelial proliferation) 30 Male

4 Benign empyema (Acute and chronic inflammation + fibrosis) 68 Male

5 Benign-pleural plaque (Inflammatory + talc granuloma) 55 Male

6 Epithelial 62 Male

7 Epithelial 73 Male

8 Epithelial 66 Male

9 Epithelial 56 Female
10 Epithelial 52 Male
11 Epithelial 56 Male
12 Epithelial 54 Male
13 Biphasic 54 Male
14 Biphasic 54 Female
15 Biphasic 41 Male
16 Biphasic 58 Male
17 Biphasic N/A Male
18 Biphasic 60 Female
19 Sarcomatoid 74 Male
20 Sarcomatoid 64 Male
21 Sarcomatoid 59 Male
22 Sarcomatoid (desmoplastic) 64 Male

N/A, not available.

Table II. PCR primers used in the present study.

Primer Sequence Expected size (bp)
Kdmé6a Forward 5-GGCACTGTTCATTGGGTTCAGG-3' 305
Kdmo6a Reverse 5'-TTTGTCCGCCCATGCCATAT-3'

Kdmo6b Forward 5'-AGCAAACGGGATGCCTTCTCAC-3' 179
Kdmo6b Reverse 5'-TGCACCTGGGTGCGAACTTC-3'

CXCL1 Forward 5'-ATGGCCCGCGCTGCTCTCTC-3' 324
CXCL1 Reverse 5-TCAGTTGGATTTGTCACTGTTC-3'

CXCL2 Forward 5'-ATGGCCCGCGCCACGCTCTC-3' 324
CXCL2 Reverse 5-TCAGTTGGATTTGCCATTTTTCAGC-3'

CXCLS8 Forward 5-ATGACTTCCAAGCTGGCCGTG-3' 297
CXCLS Reverse 5-TGAATTCTCAGCCCTCTTCA-3'

18S rRNA Forward 5'-GATGGGCGGCGGAAAATAG-3' 166
18S rRNA Reverse 5'-GGCGTGGATTCTGCATAATGG-3'

[-actin Forward 5-TGTTTGAGACCTTCAACACCC-3' 529
[-actin Reverse 5'-AGCACTGTGTTGGCGTACAG-3'

Table II. PCR cycling conditions consisted of 95°C for 5 min  electrophoresed on a 2% agarose gel. Product quantification
followed by 35 cycles of 1 min at 95°C, 1 min at 58°C and 1 min ~ was performed using TINA 2.09c (Raytest, Isotopenmefgerite
at 72°C with a final extension at 72°C for 10 min. Products were =~ GmbH, Straubenhardt, Germany) densitometry software. The
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Figure 1. Kdm6 family mRNA expression in a panel of mesothelioma cell lines. Kdm6a and Kdm6b mRNA expression was examined in a panel of MPM cell
lines including the normal pleural/peritoneal mesothelial cell lines (Met5A and LP9) by RT-PCR. 18S rRNA was included as a loading control.

mRNA expression was normalized to either 18S rRNA or
[-actin controls, and was expressed as a ratio of experimental
gene expression: control gene expression.

Drug treatment and cellular viability assays. GSK-J4 was
purchased from Selleck (St. Louis, MO, USA; cat. no. O7753),
and dissolved in dimethyl sulfoxide (DMSO) at a final concen-
tration of 1 M. Cells were serum starved (0.5% v/v FBS) for
24 h prior to addition of either drug or vehicle, and incubated
for a further 48 h. Cellular viability was assessed using either
a resazurin reduction assay as previously described (31), or
by a BrdU ELISA (Roche Diagnostics, Ltd., Sussex, UK),
according to the manufacturer's instructions.

Cellular apoptosis (FACS). NCI-H226 cells were plated
in 6-well plates (1x10° cells/well) and allowed to adhere
overnight. Complete media was then removed and the cells
washed with 100 ml phosphate-buffered saline (PBS). At this
point, serum depleted media (0.5% FBS) was then added and
the cells incubated for a further 24 h. Following this cells
were subsequently treated with various concentrations of
GSK-J4, diluted in serum depleted media, and incubated in
the presence of drug for a further 48 h. Where appropriate,
control cells were treated with either vehicle or left untreated
with media only. Following treatment, the culture media
was transferred to labeled FACS tubes and placed on ice.
Remaining adherent cells were trypsinized and transferred
to the same corresponding FACS tubes. Cells were then
centrifuged (1300 rpm for 3 min) and all supernatants were
discarded. The pellet of cells was resuspended and washed
in 1 ml of 1X binding buffer (BB) diluted in ice cold PBS,
centrifuged and subsequently resuspended in 100 1 BB. A
total of 2 ul Annexin V (IQ Products BV, Groningen, the
Netherlands) was added to each tube, with the exception of
the negative control and media only samples, and incubated at
4°C for 20 min, protected from light. The cells were washed
in 1 ml 1X binding buffer and supernatant removed. Prior to
flow cytometric analysis the pellet of cells was resuspended in
400 pl BB containing 0.5 xg/ml PI (Invitrogen, Paisley, UK),
except the negative control and FMO (fluorescence minus
one) control for PI for which BB alone was used and analyzed
by flow cytometry.

Cellular apoptosis (caspase-3/-7 activation). NCI-H226
cells were seeded at a density of 4x10* cells/well in Corning®

96 Well Flat Clear Bottom Black Polystyrene Tissue Culture-
treated 96-well plates and allowed to adhere overnight.
Subsequently, the media was removed and the cells washed
with 100 ml PBS. The cells were then incubated in serum
depleted media (0.5% FBS) for a further 24 h, at which point
they were then treated with GSK-J4 at various concentrations
for a further 48 h. Caspase-3/-7 activation was then measured
using a FluoroFire caspase-3/-7 fluorescent assay kit
according to the manufacturer's instructions (Molecutools,
Dublin, Ireland).

In silico analysis. Data-mining of available mesothelioma
datasets were conducted using Oncomine (Www.oncomine.
org) (32), or cBioPortal (www.cbioportal.org) (33) using the
default settings. The results shown here are in whole or part
based upon data generated by the The Cancer Genome Atlas
Research Network (cancergenome.nih.gov).

Statistical analysis. Data are expressed as mean + standard
error of multiple experiments (n=3). Statistical analysis was
performed using either Mann-Whitney or unpaired Student's
t-tests, or one-way ANOVA with Dunnett's post-test using
the GraphPad Prism 5.01. Differences were considered to be
statistically significant at P<0.05.

Results

Kdmo6 family members are ubiquitously expressed in mesothe-
lioma cell lines. Utilizing RT-PCR, the levels of expression of
Kdmé6a and Kdm6b mRNA were examined in a panel of cell
lines including those derived from normal pleura (LP9 and
Met5A) and mesotheliomas. Kdm6a and Kdm6b were readily
detectable in all cell lines as shown in Fig. 1.

Kdm6 family members are overexpressed in MPM. To assess
the expression of Kdm6 family members in primary patient
material, RT-PCR was performed on a panel of benign pleura
and MPM tumor samples isolated at surgery from patients
(Fig. 2A). Densitometric analysis of the gels revealed a signifi-
cant increase in the expression of Kdm6a mRNA (P=0.0036)
and Kdm6b mRNA (P=0.0122) in MPM tumor samples
compared with normal pleura (Fig. 2B). When stratified by
histology, significant overexpression of both Kdm6a mRNA
was observed across all histological subtypes, whereas only
Kdm6b mRNA was significantly altered in the biphasic subtype
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Figure 2. Kdm6 family members mRNA expression are significantly overexpressed in primary mesothelioma tumors. (A) Kdm6a and Kdm6b mRNA
expression was examined by RT-PCR in a series of primary MPM (n=17) vs. benign pleura (n=4/5). Loading order is as per sample order in Table I. (B) Semi-
quantitative densitometric analysis of the results determined that Kdm6a and Kdm6b mRNA were significantly elevated in the tumors compared to benign
pleura. (C) When separated on the basis of histology Kdm6a was shown to be significantly elevated across all histological subtypes, whereas for Kdm6b,
only the biphasic samples were shown to have significantly altered expression. (D) In Silico Oncomine analysis demonstrating significant overexpression of
Kdmé6a but not Kdm6b in a separate cohort of mesothelioma samples. (E) In silico analysis using cBioPortal of an existing TCGA NGS mesothelioma dataset,
indicating that overexpression of Kdm6a and Kdmo6b occurs in a small subset of patients. Statistical significance was measured using either the Mann-Whitney
two-tailed t-test, or a one-way ANOVA with Dunnett's post-test ("P<0.05; “P<0.01; ““P<0.001).

(Fig. 2C). Using Oncomine (32), we queried the expression of
both Kdm6 family members in the Gordon et al (34) dataset. In
this dataset only Kdmo6a was shown to be significantly overex-
pressed in the MPM specimens compared to benign pleura or
lung (P=0.007), whereas Kdmo6b levels were not significantly
altered (Fig. 2D). Using cBioPortal (33), we also examined
an available mesothelioma TCGA NGS dataset comprising

(n=87) samples (Fig. 2E). Overexpression of Kdmé6a and
Kdm6b were observed in a small cohort of patients (Fig. 2E).
Overall, the results suggest that the Kdm6 family could be a
potential therapeutic target in MPM.

Inhibition of the Kdm6 family results in decreased MPM
proliferation and altered expression of pro-inflammatory
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significance was assessed using a one-way ANOVA with Dunnett's post-test (“P<0.01;

cytokines. The only current selective inhibitor targeting
Kdmo6a and Kdm6b is GSK-J1, with a corresponding cell-
active pro-drug form GSK-J4 (30). We initially tested the
effect of GSK-J1 on the proliferative capacity of NCI-H226
cells (Fig. 3A), the results of which indicated that this
compound could indeed inhibit MPM cellular proliferation.
We subsequently tested the ability of the pro-drug to inhibit
cellular proliferation and confirmed that GSK-J4 inhibited
MPM cellular proliferation in two MPM cell lines tested
(Fig. 3B). Given the known role of Kdmo6a as a key regu-
lator in inflammation (27,30,35), and the ability of GSK-J4
to block pro-inflammatory cytokine expression (30), and the
pro-inflammatory nature of MPM, we examined the effect
of GSK-J4 on the expression of a panel of pro-inflammatory
cytokines. However, treatment of MPM cells with GSK-J4
resulted in significant upregulation of CXCL1 (P=0.0072;
Fig. 3C), CXCL2 (P=0.004; Fig. 3D) and CXCLS8/IL-8
(P=0.0038; Fig. 3E).

Non-malignant pleural cells are more sensitive to GSK-J4
than MPM cells. Whilst GSK-J4 has significant anti-prolif-
erative effects on MPM cell lines, given that expression of
Kdmé6a and Kdm6b was found to be almost ubiquitous in our
panel of cell lines (Fig. 1), we subsequently examined the
sensitivity of normal mesothelial cells (LP-9) in parallel with
two malignant MPM cell lines (NCI-H226 and REN). Using
either a Resazurin based assay (Fig. 4A), or BrdU incorpora-
tion (Fig. 4B), we demonstrated that the normal pleural cell
line is more sensitive to GSK-J4. We re-screened the cell lines
for expression of Kdm6a and Kdm6b mRNA and confirmed
that both cells were expressed (Fig. 4C). The increased sensi-
tivity of the normal pleural cell line to Kdm6 inhibition was
reflected in increased levels of apoptosis in comparison with
the MPM cell lines (Fig. 5).

"P<0.001).

Discussion

MPM is an aggressive cancer with very limited treatment
options. Currently, the established first-line therapy is a combi-
nation of cisplatin and an anti-folate. Most MPM patients do
not respond to this or other therapies, and the duration of
response is short with a rapid development of resistance (36).
There is no current defined second-line therapy, and as a
consequence there is an urgent need to identify new therapeutic
options for the treatment of this cancer. The recent demonstra-
tion that MPMs are in fact polyclonal tumors formed by the
coalescence of different independent subclones highlights the
need for new therapeutic approaches, as each clone may carry
its own distinct set of molecular alterations, and the intra-
tumoral heterogeneity arising may allow for the emergence
of drug-resistant subpopulations, and as such multi-targeted
approaches to therapy may be required to overcome the issue
of clonality (37).

EZH2 is associated with the H3K27me3 histone post-trans-
lational modification mark common to silenced chromatin or
bivalent ‘poised’ promoters (20,38). The lysine demethylases
that catalyze the removal of this mark have been identified
as Kdmo6a (Utx) and Kdm6b (Jmjd3). Given the potential
importance of this mark in BAP1 mutated MPM, in this study
we therefore sought to examine the expression of these lysine
demethylases in MPM. An initial screen showed that the
mRNA for both Kdm6a and Kdm6b was commonly expressed
in all cell lines derived from both normal mesothelial and
malignant MPM cells (Fig. 1).

However, when examined in patient tumors we demonstrate
that both Kdm6a and Kdm6b show significantly elevated
mRNA for these lysine demethylases in the tumors compared
to benign pleura (Fig. 2A). When separated according to
histological subtype we observed no significant overexpression
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of Kdm6a across all histological subtypes (Fig. 2C), whereas
elevated Kdm6b mRNA was only significant in the biphasic
subtype (Fig. 2C). In this regard the current sample size is
clearly insufficient to make any clear comparisons across histo-
logical subtype, and that a larger sample size will be required
to address this. In silico analysis confirmed that altered expres-
sion of these Kdms does occur in MPM, but significantly may
only be restricted to Kdmo6a (Fig. 2D and E).

It could also be construed that normal pleural tissues from
patients with resected lung cancer would be a more suitable
control than the inflammatory benign pleural samples used in
the present study. In our opinion that moving forward, this may
be a useful additional control to compare non-inflammatory
pleura to inflammatory pleura. Nevertheless, given the fact
that MPM is a pro-inflammatory cancer, and that Kdm6 family
members have been shown to play key roles in the regulation
of pro-inflammatory responses (30), including the potential
role of Kdmo6b as a key element in ‘inflammaging’ that can
contribute to tumor progression (27), our data demonstrates
that overexpression of these demethylases occurs in malignant
tissue (Fig. 2) compared to the benign pleural plaques which
contain a significant inflammatory profile (Table I). In this
regard, our data remove a potential confounding issue; that
inflammation itself may be driving the upregulation of Kdmé6a
and Kdm6b in malignant tissue.

Inhibitors specific to members of the Kdm6 family
(GSK-J1 and GSK-J4) have been developed (30), and given
both the pro-inflammatory nature of MPM, and the elevated
expression of Kdm6a and Kdm6b in our patient samples, we
subsequently examined the effects of these inhibitors on MPM
cellular health and pro-inflammatory cytokine expression.
Both drugs were shown to have significant anti-proliferative
activity on MPM cell lines with the cell-active ethyl ester
pro-drug GSK-J4 showing greater anti-proliferative effects at
lower concentrations than GSK-J1 (Fig. 3A and B).

GSK-J4 was originally demonstrated to prevent
LPS-mediated induction of pro-inflammatory cytokines in
human primary macrophages (30). However, treatment of an
MPM cell line with GSK-J4 resulted in significant upregula-
tion of several pro-inflammatory cytokines including IL-8
(Fig. 3C). In this regard, induction of IL-8 by anticancer
regimens has previously been observed in an experimental
model of mesothelioma (39). Furthermore, elevated levels of
IL-8 have also been found to be increased in mesothelioma
patients undergoing therapy following pleurectomy or extra-
pleural pneumonectomy (EPP) (40), or in MPM patients
treated tumor necrosis factor-alpha (TNF-a) (41). It has
been noted that elevated levels of IL-8 may not be a reliable
marker for predicting response to therapy (42), and the obser-
vation that GSK-J4 is capable of elevating the expression of
several pro-inflammatory cytokines suggests that inhibition
of Kdm6 family members may have the potential to induce
cytokine response syndrome (CRS) (43), as sometimes seen
in MPM (44).

The increased production of pro-inflammatory cytokines
in MPM cells was accompanied by decreased cellular prolifer-
ation (Fig. 4) and an associated induction of apoptosis (Fig. 5)
and necrosis (Lauren MacDonagh, unpublished). Moreover,
we were able to show that cells derived from normal pleura
were more sensitive to GSK-J4 that those derived from MPM.
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These results suggest that whilst the expression of Kdm6
family members are significantly elevated in MPM, targeting
the same may not be sparing of patients normal pleura.
However, our results also indicate that in primary tissues levels
of the Kdm6 family are much higher in patient tumors than
in normal pleura (Fig. 2), and this discrepancy remains to be
resolved.

In conclusion, our results suggest that the Kdmé6 family
may represent a novel therapeutic target for the treatment of
MPM, but given the potential for damage to the normal pleura,
or the potential for inducing a cytokine storm, further studies
are warranted. We believe that more studies will be required
to further determine whether or not targeting the Kdmo6 family
is possible in MPM, or indeed even in a subset of MPM and to
determine if a multi-targeting approach combining epigenetic
therapies (including GSK-J4) is possible.
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