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Abstract
H11/HspB8 is a functionally distinct small heat shock protein. It causes growth arrest in

melanocytes, associated with inhibition of cyclin E/cdk2 and -catenin phosphorylation at the
transcriptional activity site Ser552 and is silenced through DNA methylation in 27/35 (77%)
melanoma tissues/early cultures. 5'-Aza-2-deoxycytidine (Aza-C) induces melanoma cell death
correlated with the levels of H11/HspB8 DNA methylation (p<0.001). In lines with low/moderate
H11/HspB8 methylation, PI3-K inhibition increases Aza-C-induced cell death. Aza-C Inhibits
growth of melanoma xenografts related to the levels of H11/HspB8 methylation, and a non-
methylated/non-TAK1 binding H11/HspB8 mutant confers Aza-C resistance. H11/HspB8 is a
potential molecular marker for demethylation therapies.

INTRODUCTION
The incidence of melanoma is increasing worldwide at a faster rate than that of any other
cancer[1] and many patients with stage IV disease often die within 2 years with few long
term survivors[2]. Therapeutic options are minimal and their efficacy is low, underscoring
the need for improved strategies that are based on a better understanding of the molecular
mechanisms of tumor development/progression. A complex molecular machinery that
provides checks and balances in normal melanocytes, is altered in melanoma through
chromosomal deletions, amplifications and gene mutations[3,4]. However, most of these
alterations occur at a relatively low frequency and their potential as therapeutic targets is
unclear.

Recent interest has focused on the role of epigenetic modifications in melanoma
pathogenesis and as a potential therapeutic target. DNA methylation of cytosine residues
that are part of a CpG dinucleotide (5'CG3') is the main epigenetic modification in cancer[5].
The human genome contains regions of unmethylated segments interspersed by methylated
regions known as CpG islands. Approximately half of all the human genes have CpG
islands, and these are present on both housekeeping genes and genes with tissue-specific
expression patterns. DNA methylation is an important regulator of gene transcription, and its
role in carcinogenesis is of considerable interest. Transcriptional inactivation of tumor
suppressor genes by DNA hypermethylation is documented in many human cancers[6] and it
has been suggested to play a central role in melanoma progression[7]. Global genome
analyses identified a large number of hypermethylated genes in melanoma. However, the
methylation patterns differed in various melanoma lines, and the ability of demethylation to
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cause melanoma cell death as well as the involved molecular target(s), remain
unknown[8–13]. As oncology moves forward into the field of personalized therapies these
limitations are particularly troublesome because molecular and prognostic markers are
crucial aspects of patient selection for individual targeted treatments.

The H11 gene (Entrez ID # 26353) is also known as Hsp22 and HspB8. It was originally
cloned in our laboratory and shown to map at a chromosome site (12q24) with frequently
reported allelic deletions in malignant neoplasms[14–16]. Although the H11/HspB8 protein
retains the α-crystallin motif characteristic of small heat shock proteins (Hsp), it differs from
canonical family members in many biological and functional properties, including
association with the plasma membrane and presence of nuclear export sequences, failure to
translocate to the nucleus upon heat shock, and the presence of intrinsic protein kinase
activity[14,15,16–22]. The H11/HspB8 promoter is rich in CpG islands (Supplementary
Information, Fig S1) and we have previously shown that H11/HspB8 is silenced in some
melanoma cell lines in which its forced expression triggers apoptosis[20,21,23]. The studies
described in this report were designed to determine the function of H11/HspB8 in normal
melanocytes, examine its methylation status in melanoma tissues and xenografts and
evaluate the potential of H11/HspB8 as a marker for demethylation-based therapies.

MATERIAL AND METHODS
Melanoma tissues and early and late passage cultures

Because previous studies had shown that the methylation status of various genes can change
with cell passage[24], we studied three types of cell preparations: (i) tissue cell suspensions,
(ii) early passage in vitro cultures and (iii) late passage in vitro cultures. The tissue cell
suspensions were the gift Dr. George Elias (Franklin Square Hospital, Baltimore, MD).
They had been prepared from 27 metastatic melanoma tissues (stage IV) collected at surgery
and given 4 serial passages in Iscove's modified Dulbecco medium with 1 μg/ml gentamycin
and 10% fetal bovine serum (FBS) (Gemini Bioproducts, Calabasos, CA) . Thy ha been
cryopreserved in liquid nitrogen at −80°C before we received them. Flow cytometry done at
the time that the cell suspensions were received showed that 85±8% of the cells stained with
antibodies to melanoma markers MART1/MelanA, S100 and HMB45[25], indicating that
they had a relatively high degree of homogeneity for melanoma cells. These suspensions
were used in methylation assays without further in vitro passage. The identity of the small
percentage of cells negative for the melanoma markers is unclear and likely represents
contaminating cells, possibly fibroblasts. The second type of cell preparation used in these
studies consisted of 8 early passage in vitro cultures established from metastatic melanoma
tissues. They were also the gift of Dr. George Elias, and they contained 91–97% MART1+
cells as determined by flow cytometry. The cultures were grown in Iscove's modified
Dulbecco medium with 1 μg/ml gentamycin and 10% FBS for 12–17 passages before study.
The late passage in vitro cultures that we studied included established melanoma cell lines
A2058, A375, MeWo, SKMEL-2, HT144 and SKMEL-28 obtained from the American
Type Culture Collection (Manassas, VA) and LM cells, which were the gift of Dr. Joseph
Sinkovics (University of South Florida, Tampa, FL). SKMEL-28 cells were grown in
Eagle's minimal essential medium (EMEM) with 1mM sodium pyruvate, 0.1mM
nonessential amino acids and 10% FBS. All the other cell lines were grown in Dulbecco's
modified Eagle's medium (DMEM) with 4.5g/L glucose, 1500mg/ml sodium bicarbonate,
4mM glutamine and 10% FBS. LM cells were established from a metastatic melanoma and
grown in RPMI 1640 with 10% FBS. HMB45 staining was seen in 97% of the cells. LM
cultures were studied at passages 50–72. A2058 and SKMEL-2 cells stably transfected with
tet-inducible H11/HspB8 were previously described[23]. Normal skin tissue (NS#3) and
adult normal human melanocytes (NHM) were purchased from Cascade Biologicals
(Portland, Ore). NHM were studied at passages 2–5. Growth medium, provided by the
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company consisted of medium 154 supplemented with 3ng/ml basic fibroblast growth
factor, 0.3% bovine pituitary extract, 3 μg/ml heparin, 0.18 μg/ml hydrocortisone, 5 μg/ml
insulin, 5 μg/ml transferrin, 10nM endothelin-1 (human melanocyte supplement 2). Human
embryonic kidney (HEK-293) cells were obtained from the American Type Culture
Collection and grown in EMEM with 1 mM nonessential amino acids, 1% sodium pyruvate,
and 10% FBS

Antibodies and chemical reagents
The generation and specificity of the rabbit polyclonal antibody to H11/HspB8 (recognizes
amino acids 181–194) were previously described[14]. Antibodies to Cdk2, Cyclin E, TAK1,
β-catenin, caspase-3 (recognizes both the zymogen and its cleavage products), GST and
actin, were purchased from Santa Cruz Biotechnology (Santa Cruz, CA). Antibodies for β-
catenin phosphorylated on Ser552 (pβ-catenin-Ser552), Ser675 (pβ-catenin-Ser675) or Thr41/
Ser45 (pβ-catenin-Thr41/Ser45) were from Cell Signaling Technologies (Danvers, MA). 5-
Aza 2'-deoxycytidine (Aza-C) was purchased from Sigma Chemicals (St. Louis, MO, USA),
doxycycline (Dox) from Clontech (Mountainview CA) and LY294002 from Cell Signaling
Technology (Danvers, MA). The WST-1 Quick Cell Proliferation kit was purchased from
Biovision Research Products (Mountainview CA) and used as per manufacturer's
instructions.

Methylation-Specific PCR (MSP) and quantitative real time MSP (MSQP)
Genomic DNA was extracted with the Wizard Genomic DNA purification kit (Promega,
Madison, Wisc., USA) and sodium-bisulfite modified with the EZ DNA Methylation kit
(Zymo Research Corp, Orange, CA., USA), both according to manufacturers' instructions.
The primers for the MSP assay were 5-GGGAAAGGTAGGATACGATA CGTTT-3 (sense)
and 5-ACTAAAACCGCCCTCCCCGAACGA-3 (antisense). For the PCR reaction, bisulfite
converted DNA was amplified using a Gene Amp Gold PCR kit (Applied Biosystems,
Carlsbad, CA) with 20 pmol of each primer in a 50μl reaction volume for 35 cycles (95°C
for 1 min, 58°C for 1 min, and 72°C for 1 min). Reaction products were separated by
electrophoresis on 1.7% agarose gels and detected by staining with 0.5 μg/ml ethidium
bromide. The MSQP assay was done as described by Martinez-Galan et al.,[26] using the
QuantiTest SYBR green PCR Kit (Qiagen, Valencia CA). Each PCR reaction (20μl)
contained 200 ng of the bisulfite-converted DNA, 2×QuantiTect SYBR Green PCR Master
Mix (10μl) and 0.2μM each sense (5'-GGGAAAGGTAGGATACGATACGTTT-3') and
antisense (5'-TCCAAATTCAACCGA CTCTCCGA-3') primers (position −224bp to −21bp
relative to the transcription start site) which will amplify a DNA product that contains 9
CpG sites (Supplementary Information, Fig S1). Real-time PCR conditions were 95°C for
15 min followed by 41 cycles of 94°C for 15s, 55 °C for 25s and 72 °C for 25s and one
additional cycle of 76 °C for 10s with data acquisition after each cycle. Duplicate PCR
reactions were run using the LightCycler 2.0 Instrument (Roche Applied Science, Germany)
and data analysis was with the LightCycler software 3.0. Cycle threshold (Ct) values,
defined as the cycle number at which the fluorescence-generated signal crosses an arbitrary
but defined threshold within the exponential phase of the reaction, were converted to
methylation units from a standard curve generated with serial dilutions of the CpGenome™
Universal methylated DNA (Millipore, Temucala CA). Relative methylation units are
expressed as the dilution factor[26].

Quantitative Real time RT-PCR (QRT-PCR)
Total RNA was isolated with the RNeasy Mini Kit (Qiagen) and cDNA was generated by
reverse transcription using the High-Capacity cDNA Archive kit (Applied Biosystems,
Foster City, CA), both according to the manufacturers' instructions. The Real time
QuantiTect SYBR green PCR Kit (Qiagen) was used for quantitative amplification of the
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cDNA. Each assay mixture contained 1μl cDNA and 0.3μM sense and antisense primers.
The H11/HspB8 primers were 5'-CCATGGCTGACGGTCAGATGCCCTTCTCCT-3'
(sense) and (5'-TCCATGCCAAAGCCATCATCCAGCAG-3 (antisense). The primers for
human β-actin, (used for data normalization), were 5'-CATGTACGTTGCTATCCAGGC-3'
(sense) and 5-CTCCTTAATGTCACGCACGAT-3' (antisense). Real-time PCR conditions
were 95°C for 15 min followed by 40 cycles of 94°C for 15s, 64°C for 30s and 72°C for 30s.
All the reactions were done in duplicate using the LightCycler 2.0 Instrument (Roche) and
data analysis was with the LightCycler software 3.0 to generate average Ct values. Results
are expressed as ΔCt = Ct for H11/HspB8 – Ct for β-actin. Low ΔCt values indicate high
expression[27].

H11/HspB8 DNA sequencing
cDNA was PCR amplified with H11/HspB8 primers 5'-
ACCATGGCTGACGGTCAGATGCCCTTC-3' (sense) and 5'-ATCTCAGGT
ACAGGTGACTTCCTGGC-3' (antisense) (0.8 μM) using the REDTaq™ kit (Sigma) as per
manufacturer's instructions. The PCR program was 5 minutes at 94° C for 1 cycle, followed
by 94°C for 30 seconds, 62°C for 30 seconds, and 72°C for 30 seconds for 35 cycles, with a
final extension at 72°C for 6 minutes. The products were purified with the QIAquick PCR
Purification Kit (Qiagen) and sequenced by the University of Maryland Biopolymer Core
Facility.

H11/HspB8 antisense oligonucleotide
The sequence and specificity of the phosphorothioate oligodeoxynucleotides (ODN)
complementary to the H11/HspB8 translation initiation site [antisense ODN (aODN); 5'-
CCGTCAGCCATGGTGG-3'] and the sense ODN (sODN; 5'-
CCACCATGGCTGACGG-3') were previously described[14].

Immunoprecipitation and immunoblotting
Cells were lysed with immunoprecipitation buffer with protease and phosphatase inhibitor
cocktails (Sigma-Aldrich) and protein extracts were assayed by immunoblotting or
immunoprecipitation/immunoblotting, as previously described[14,15,20,23]. Densitometry
used the Bio-Rad GS-700 imaging densitometer. Pixel density was determined with Multi
Analyst software (Bio-Rad, Hercules, CA) and the results are expressed as mean
densitometric units ± SD for three independent experiments normalized to actin.

Construction of GST-H11/HspB8 fusion protein and protein kinase (PK) assays
The GST-H11/HspB8 fusion protein was generated as previously described[14] using the
prokaryotic expression vector pGEX-4T-3 (Amersham Pharmacia Biotech). Transformation
was in the protease-deficient E. coli BL21 and expression was induced by treatment (4h;
37°C) with 0.1mM isopropyl-1-thio-β-D-galactopyranoside (IPTG). Glutathione-Sepharose
4B beads coated with bacterial extracts induced to express GSTH11/Hsp8 or GST alone,
were used in PK assays with purified GST-β-catenin or GST proteins (2μg) (SignalChem
Richmond, British Columbia) as substrates. Each assay mixture contained 20mM Tris-HCl
pH 7.4, 5mM MgCl2, 2mM MnCl2, and 20μCi [32P]-γ-ATP (3000Ci/mM; Perkin Elmer,
Waltham, MA) and incubation was at 30°C for 15 min. Proteins were separated by SDS-
PAGE, transferred to PVDF membranes and phosphorylation was verified by exposure to X-
ray film followed by immunoblotting with antibodies to β-catenin or GST.

In vivo studies
The Animal Care and Use committee of the University of Maryland School of Medicine
approved all the described studies. Six-eight week old female nude mice (Balb/c nu/nu)
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were obtained from Charles River Laboratories (Wilmington, MA). To establish
subcutaneous melanoma xenograft models, nude mice were given melanoma cells (5 × 106

in 100μl) by subcutaneous injection into both hind flanks. Animals were randomly divided
into two groups and left untreated or given ip injections of Aza-C (5mg/kg) (3 doses at 3hr
intervals) on days 6 and 15 after the tumors became palpable (200 mm3 in volume). Each
treatment group consisted of 10 tumors. Minimum and maximum perpendicular tumor axes
were measured with microcalipers and tumor volume was calculated using the formula:
volume=[(length × width2)/2]. Animals were maintained in pathogen-free conditions and
were euthanized when their tumors reached 1.5 cm in any one direction. Tissues were
collected at that time.

Statistics
Pearson's correlation coefficients were calculated using SAS software. Analysis of variance
(ANOVA) was performed with SigmaStat version 3.1 for Windows (Systat Software, Point
Richmond, CA). Tumor volumes were compared between untreated and treated groups by
pairwise two-way ANOVA followed by the Tukey's honestly significant difference test.

RESULTS
H11/HspB8 is a cell cycle regulator in normal melanocytes

To examine the function of H11/HspB8 in normal melanocytes, NHM cultures were grown
(37° C; 3d) in triplicate in the absence or presence of 20μM of H11/HspB8 antisense
oligonucleotide (aODN) or sense oligonucleotide (sODN) (used as control) and examined
for cell growth by trypan blue staining. The effect of the ODNs on H11/HspB8 expression
was confirmed by immunoblotting of protein extracts from duplicate cultures. Relative to
the untreated cultures, treatment with aODN caused a significant increase in the cell
numbers (p < 0.01) that was associated with inhibition of H11/HspB8 expression. H11/
HspB8 expression was not inhibited by sODN and it did not alter the cell number (Fig. 1).
Flow cytometry, done as previously described[14,15,23], showed that the aODN-treated
cultures had a decreased proportion of cells in the G1 phase (45–47%) and an increased
proportion in the S phase (42–44%) relative to the untreated and sODN treated cultures (58–
61% and 21–23% cells in G1 and S phases, respectively). The proportion of cells in G2 was
slightly lower in the aODN than untreated or sODN-treated cultures (9–13% and 16–21%,
respectively), indicating that H11/HspB8 inhibits growth at the G1/S phase of the cell cycle.

The levels of Cyclin E and Cdk2, that are required for G1/S transition[28,29], were
significantly higher in aODN-treated NHM than in their untreated or sODN-treated
counterparts, indicating that H11/HspB8 inhibits the Cyclin E/Cdk2 complex (Fig. 2). This
inhibition was accompanied by a significant increase in the levels of β-catenin
phosphorylated at Ser552 (pβ-catenin-Ser552), a site that is required for nuclear translocation
and transcriptional activity[30,31], but not by β-catenin phosphorylated at two other sites
(Ser675 and Thr41/Ser45) that have distinct functions[32–34] (Fig. 3A). Because β-catenin is
responsible for Cyclin E expression[31,35], the data suggest that H11/HspB8 inhibits the
Cyclin E/Cdk2 complex through its ability to interfere with the phosphorylation of β-catenin
at Ser552. While the mechanism whereby H11/HspB8 specifically affects Ser552 is still
unclear, we infer that it is related to β-catenin phosphorylation at other sites [36], because in
vitro kinase assays with GST-H11/HspB8 coated glutathione-sepharose beads indicated that
it phosphorylates purified GST-β-catenin protein used as substrate, but phosphorylation was
not seen for GST alone (Fig. 3B). Collectively, the data indicate that H11/HspB8 is a
melanocyte growth inhibitor.
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H11/HspB8 DNA methylation in cell suspensions from melanoma tissues is inversely
related to gene expression

We used cell suspensions from melanoma tissues shown to contain 85±8% cells that
expressed melanoma markers MART1/MelanA, HMB45 and S100, as described in
Materials and Methods. To examine the incidence and levels of H11/HspB8 methylation in
these suspensions, the DNA was assayed by MSQP, as described in Materials and Methods.
CpGGenome™ Universal Unmethylated human genomic DNA (NC-A and NC-B)
(Millipore) and DNA from NHM cultures and normal skin biopsies were used as negative
controls. HEK293 cells, and melanoma cell lines SKMEL-2 and MeWo that are respectively
sensitive or resistant to Aza-C-induced cell death[23], served as additional controls. H11/
HspB8 DNA was methylated in cell suspensions from 13/16 (81%) melanoma tissues. In all
but 3 of these, the levels of methylation were similar to those seen for SKMEL-2 cells and
ranged between 0.09 and 0.12 units. Three tissues had lower methylation levels (0.06–0.075
units). Methylation was not seen in MeWo cells, which are Aza-C resistant, NC-A, NC-B,
NHM, normal skin tissues and HEK293 cells (Fig. 4), but it was also seen in cell
suspensions from 8/11 (73%) melanoma tissues assayed by MSP (Fig. 5A). The data
indicate that H11/HspB8 methylation is a relatively common [21/27 (78%)] melanoma-
specific event, but the levels of methylation are tissue-specific.

Two series of experiments were done to examine the relationship between H11/HspB8
methylation and gene expression. First, the cell suspensions from 11 melanoma tissues
examined for H11/HspB8 methylation by MSP, were analyzed for H11/HspB8 mRNA
levels by QRT-PCR. Melanoma cell lines SKMEL-2, A2058, and MeWo that have different
levels of H11/HspB8 methylation (Fig. 4,5B) and NHM were studied in parallel and served
as controls. mRNA levels correlated with DNA methylation, such that all the melanoma cell
suspensions with methylated H11/HspB8 DNA had mRNA levels lower than those in NHM
(ΔCt = 5.4), but 3 melanoma tissues with unmethylated H11/HspB8 DNA had mRNA levels
similar or only slightly higher than the NHM. High mRNA levels were also seen in MeWo
cells in which H11/HspB8 is not methylated but not in SKMEL-2 and A2058 cells, in which
H11/HspB8 is methylated (Fig. 5A).

Since the MSP assay does not accurately reflect the levels of DNA methylation, a second
series of experiments examined DNA methylation by MSQP, which is a very sensitive and
quantitative method. Early passage melanoma cultures and cell lines MeWo, A375, A2058,
LM, and SKMEL-2 were also examined by MSQP and the levels of methylated DNA were
compared to protein expression determined by immunoprecipitation/immunoblotting. NHM
cultures were studied in parallel and served as control. H11/HspB8 was methylated in 6/8
early passage cultures (75%) and 4/5 (80%) cell lines. These proportions are similar to those
seen for the melanoma tissues, indicating that methylation is not an artifact resulting from
cell line establishment. Cultures with moderate/high methylation units (> 0.05) had low
expression levels (< 10 densitometric units) and those with low methylation units (<0.05)
had high levels of gene expression (>10 densitometric units). Expression was seen in NHM
in which H11/HspB8 is not methylated (Fig. 5B). The inverse correlation between the levels
of H11/HspB8 methylation and gene expression is statistically significant (p< 0.05 by
Pearson's correlation coefficient).

H11/HspB8 DNA methylation correlates with Aza-C induced H11/HspB8 expression and
melanoma cell death

Having seen that the levels of H11/HspB8 methylation differ in various melanoma lines, we
wanted to know whether they reflect the extent of demethylation-induced cell death.
Duplicates of the cultures examined for H11/HspB8 methylation (Fig. 5B) were treated with
Aza-C at a relatively low dose (2μM)[10,12], and examined for cell death by the WST-1
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assay. Duplicate cultures were assayed for H11/HspB8 expression by immunoprecipitation/
immunoblotting and the results are expressed as fold-induction, defined as H11/HspB8
densitometric units in Aza-C treated/untreated cultures. Restored expression was seen in all
the cultures with methylated H11/HspB8, but it covered a relatively wide range (1.6 – 14.2-
fold) (Fig. 6A). Cell death correlated with the levels of DNA methylation and fold-induction
(p<0.001 by Pearson's correlation coefficient). As summarized in Fig. 6B, the lines fell into
four distinct groups. Melanoma lines with unmethylated H11/HspB8 and NHM were
negative for both H11/HspB8 induction and cell death. Low/moderate induction levels (≤
5.8 fold) were seen in lines in which DNA methylation was low/moderate (0.01–0.1 units)
and this was associated with low/moderate levels of cell killing (16.5±1.7% to 30±2.4%).
Lines with strongly methylated H11/HspB8 DNA (> 0.1 units) had high levels of induction
(>5.8-fold) and this was associated with robust cell death (51±4.7 to 74.8± 2.4%). The
threshold of H11/HspB8 DNA methylation levels for Aza-C induced expression (>1 fold)
was 0.01 methylation units.

To confirm that Aza-C mediated cell death was due to H11/HspB8 expression, duplicate
cultures of SKMEL-2 cells were treated or not with Aza-C (2μM; 4d) in the presence or
absence of 20μM H11/HspB8-specific aODN or sODN and assayed for apoptosis by
TUNEL. The percentage of Aza-C induced TUNEL+ cells was significantly decreased in
cultures given aODN, but not sODN and this was associated with aODN-mediated inhibition
of H11/HspB8 expression, as determined by immunoblotting (Supplementary Information
Fig. S2). The data support previous findings that forced H11/HspB8 expression causes
melanoma cell death[20,23] and indicate that the extent of Aza-C induced cell death
correlates with the levels of H11/HspB8 methylation. They suggest that H11/HspB8
methylation is a potential marker for the therapeutic efficacy of Aza-C.

High levels of Aza-C-restored H11/HspB8 expression overcome the cell survival functions
of the constitutively activated PI3-K/Akt survival pathway

Having seen that Aza-C-induced cell death correlates with the levels of H11/HspB8 DNA
methylation/fold-induction, we considered the possibility that the high levels of H11/HspB8
are required in order to overcome the cell survival functions of the PI3-K/Akt pathway that
is well known to be constitutively activated in human melanoma[37,38]. Activation of this
pathway results in increased levels of phosphorylated (active) Akt[39,40] and is known to
cause resistance to chemotherapy[41]. To test the interpretation that high levels of H11/
HspB8 are required in order to overcome this cell survival function, we asked whether the
levels of Aza-C-induced cell death are differentially affected by PI3-K inhibition in
melanoma lines with distinct levels of H11/HspB8 methylation. We used A2058, A375 and
LM cells which have significantly increased [3–4-fold] levels of activated (phosphorylated)
AKT as compared to NHEM (data not shown) and respectively display low, moderate and
high levels of H11/HspB8 DNA methylation (Fig. 5B) and Aza-C-mediated restored
expression (1.2 ± 0.1, 23.2 ± 1.7, and 39 ± 2 densitometric units for A2058, A375 and LM,
respectively) (Fig. 7A). The cultures were treated with Aza-C (2μM; 4d), the PI3-K inhibitor
LY294002 (50μM, 24h) or Aza-C + LY294002 (the latter given for the last 24h of Aza-C
treatment) and examined for cell death by the WST-1 assay. H11/HspB8 expression and
caspase-3 activation were studied in parallel, by immunoblotting.

The levels of Aza-C induced cell death were directly related to those of H11/HspB8
methylation and fold-induction (15 ± 2.2, 30 ± 2.4 and 62 ± 1.8 % for A2058, A375 and LM
cells respectively). Addition of LY294002 caused a dramatic increase in the death of A2058
and A375 (60 ± 2.4 and 75 ± 2.9 %, respectively), but not LM (63 ± 4.5 %) cells, and
LY294002 alone had no effect on cell viability (5–15 % cell death) (Fig. 7B). The increased
death of A2058 and A375 cells treated with Aza-C+LY294002 is due to enhanced caspase-3
activation, as evidenced by higher levels of activated caspase-3 and lower levels of
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procaspase-3 than those seen for each drug alone (Fig. 7C,D) and similar results were
obtained for A2058 cells stably transfected with tet-inducible H11/HspB and treated with
Dox+LY294002 (Fig. 7E). LY294002 did not increase the levels of Aza-C activated caspase
in LM cells (Fig.7F). Collectively, the data indicate that Aza-C causes melanoma cell
apoptosis the levels of which correlate with those of H11/HspB8 methylation, apparently
related to the ability to overcome the cell survival functions of the activated PI3-K/Ak
pathway. The H11/HspB8 dose-dependence of the Aza-C-induced melanoma cell death
supports the interpretation that H11/HspB8 is one molecular marker for Aza-C treatment.

The levels of H11/HspB8 DNA methylation correlate with Aza-C-mediated inhibition of
melanoma tumor growth

To examine the relationship between H11/HspB8 methylation and tumor growth inhibition
by Aza-C treatment, we used LM and A2058 cells that differ in their sensitivity to Aza-C in
culture. Xenografts were established in Balb/c nude (Nu/Nu) mice by subcutaneous injection
into both hind flanks. The animals were randomly divided into two groups that were left
untreated or given ip injections of Aza-C (5mg/kg) (3 doses at 3hr intervals) on days 6 and
15 after the tumors became palpable and tumor volume was calculated as described in
Materials and Methods. Each treatment group consisted of 10 tumors. The untreated
xenografts evidenced time-dependent growth reaching maximal levels (651 ± 95.3 and 449.4
± 43 mm3 for LM and A2058 cells, respectively) at day 26. Aza-C treatment caused a
significant decrease in the growth of both tumors (p<0.001 by pairwise two-way ANOVA
followed by Tukey post-hoc test). Inhibition was somewhat greater for LM than A2058
xenografts, with respective volumes of 120 ± 61.2 mm3 and 200 ± 25.2 mm3 on day 26 post-
treatment. These values respectively represent a 5.4 fold and 2.2 fold inhibition of tumor
growth (Fig 8A,B) and correspond to the higher levels of H11/HspB8 methylation (Fig. 5B)
and Aza-C- restored expression in LM than A2058 cells (0.88 and 0.086 H11/HspB8/actin
densitometric units respectively) (Fig. 8C). The data underscore the critical role of H11/
HspB8 in Aza-C induced tumor growth inhibition and its promise as a potential molecular
marker for demethylation-based therapeutic efficacy. Studies designed to test this
interpretation are ongoing.

Aza-C resistance is associated with H11/HspB8 mutation
In a last series of experiments, we asked whether H11/HspB8 mutation is associated with
resistance to Aza-C treatment. We focused on early passage cultures EK and NL and
melanoma cell lines MeWo and HT144, all of which are negative for H11/HspB8
methylation and resist Aza-C-induced cell death. A point mutation (P173H) was seen in
MeWo cells, but not in the other cultures. We conclude that Aza-C resistance is associated
with this mutation, because H11/HspB8-induced melanoma cell death requires TAK1
binding[23] and P173H did not bind TAK1 in reciprocal pull down assays with H11/HspB8
and TAK1 antibodies (Fig. 9A). By contrast, binding was seen for the wild type protein
expressed in SKMEL2 cells (Fig. 9B) that causes cell death when induced by Dox-treatment
of cells stably transfected with tet-inducible H11/HspB8[23].

DISCUSSION
The salient features of the data presented in this report are the findings that H11/HspB8 is a
growth regulator in normal melanocytes that is silenced by DNA hypermethylation in a high
proportion of melanoma tissues and is a potential molecular and therapeutic marker for Aza-
C induced melanoma cell death. The following comments seem pertinent with respect to
these findings.
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Recent interest has focused on DNA methylation as a potential therapeutic target.
Methylation of DNA at CpG islands in gene promoters is a relatively common alteration in
cancer cells, including melanoma[7,42], and it silences genes involved in all the key
pathways that contribute to tumor development and progression, including cell cycle
regulation and signalling, differentiation, DNA repair, apoptosis, invasion and immune
recognition[43.]. The most frequently mutated gene inherited in familial cutaneous melanoma
is CDKN2A that encodes two proteins, p16INK4A and p14ARF, which exert tumor suppressor
functions through the pRB and the p53 pathways, respectively. CDKN2A is hypermethylated
at loci that are known to independently affect p16INK4A and p14ARF in 27% and 57% of
metastatic melanoma samples, respectively[44]. The most frequently hypermethylated genes
in cutaneous melanoma are RAR-β2, which mediates growth arrest, differentiation and
apoptotic signals triggered by retinoic acids, RASSF1A, which promotes apoptosis and
growth arrest, and MGMT, which is involved in DNA repair, being methylated in 70%, 55%
and 34% of lesions, respectively[8,45,46]. The list of genes that are hypermethylated in
cutaneous melanoma is expanding and it includes new genes (viz. QPCT and LXN) that are
hypermethylated in a very high proportion of examined lesions. Re-expression of two of
these, HOXB13 and SYK, was shown to reduce colony formation in vitro and diminish tumor
formation in vivo, indicating that they function as tumor suppressors in melanoma[10]. Aza-
C was also shown to sensitize a melanoma line to interferon-induced apoptosis[46] and DAC
upregulated the gene TSPY and suppressed the growth of two derivatives from another
line[9]. However, the exact function of most of these genes in melanoma cell death and their
ability to serve as markers for the therapeutic efficacy of demethylating agents, if any,
remain unknown. Identification of specific biomarkers for individual cancers such as
melanoma is particularly relevant as oncology moves forward into the field of personalized
therapies and is of crucial importance for patient selection for individual therapies.

We cloned the H11/HspB8 gene from a melanoma cell line and showed that it has an α-
crystallin motif and differs from other members of the Hsp family in its biological and
functional properties. These include the failure of heat shock to upregulate its expression
and cause its nuclear translocation in melanoma cells[14,15,16–22]. Indeed, the presence of an
α-crystallin motif does not necessarily imply that a protein functions as an Hsp and a similar
motif was seen in the herpes simplex virus type 2 protein ICP10PK that has apoptosis
regulatory activity and was used to clone H11/HspB8[21]. In this context it may be important
to point out that in one melanoma line, H11/HspB8 carried a single site mutation (W51C)
that imparted transforming potential and was able to override the pro-apoptotic activity of
the wild type H11/HspB8[20], supporting the interpretation that H11/HspB8 has a central
role in melanoma cell life/ death decisions[20,21,23]. H11/HspB8 was also shown to
contribute to cell survival and proliferation in skin keratinocytes and cardiomyocytes,
apparently involving kinase-dependent Akt activation or inhibition of caspase-3 activation at
the level of cytochrome C release[15,18,19, 47,48]. However, we find that in melanocytes, H11/
HspB8 causes cell cycle arrest, apparently related to inhibition of the Cyclin E/Cdk2
complex. This inhibition is accompanied by decreased β-catenin phosporylation at Ser552, a
site that is involved in the nuclear translocation of β-catenin and the promotion of its
transcriptional activity[30,31]. The inhibition of Ser552 phosphorylation is specific, as
evidenced by the failure of H11/HspB8 to inhibit phosphorylation of β-catenin at Thr41/
Ser45 and Ser675 that are respectively implicated in proteosomal degradation[32,33] or
binding of the transcriptional coactivator, CREB binding protein[34]. The mechanism
whereby H11/HspB8 specifically inhibits β-catenin phosphorylation at Ser552 is still unclear.
We suggest that it involves β-catenin phosphorylation at an interfering site, because: (i) the
purified GST-β-catenin protein was phosphorylated by GST-H11/HspB8 but not by GST
alone, suggesting that β-catenin is a substrate of H11/HspB8 kinase, and (ii) Ser552 is
preceded by a Thr residue (Thr551) the phosphorylation of which could interfere with that of
Ser552 as previously shown for adjacent phosphorylation sites in other proteins[36].
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However, final conclusions must await the results of ongoing studies to identify the sites of
H11/HspB8-mediated β-catenin phosphorylation.

The H11/HspB8 promoter is rich in CpG islands (Supplementary Information, Fig. S1) and
we have previously shown that the gene is silenced by DNA hypermethylation in some
melanoma cell lines[20,21,23]. However, its methylation in melanoma tissues and the
relationship between the levels of methylation, gene expression and melanoma cell death is
still unknown. Using MSQP and MSP assays of cell suspensions established from 27
malignant melanoma tissues and 8 early passage melanoma cultures, we found that a high
proportion had methylated H11/HspB8 DNA, confirming that methylation is not an artifact
unique to established cell lines. The levels of H11/HspB8 methylation differed in various
tissues and ranged between 0.06–0.12 units, as also seen for early passage cultures and
established cell lines. Overall, the melanoma lines with methylated H11/HspB8 can be
classified as having high (> 0.1 units), moderate (0.05–0.1 units) or low (<0.05 units)
methylation units that are inversely related to gene expression (mRNA and protein). Cut-off
points for the methylated promoter were established from a standard curve after the
fluorescence values in the MSQP assays were converted into units of universally methylated
DNA, as described by Martinez-Galan et al[26]. Using this calculation, a cut-off point of
0.01 methylation units was established with a sensitivity and specificity of 75–78% for
identification of patients with a hypothetical response to demethylation based therapy. We
suggest that the levels of H11/HspB8 methylation are a potential marker for the efficacy of
demethylating therapy, because: (i) they are significantly related to those of Aza-C-induced
melanoma cell death (p<0.001 by Pearson's correlation coefficient), and (ii) high levels of
restored H11/HspB8 expression appear to cause robust apoptosis (caspase activation) by
overcoming the cell survival functions of the PI3-K/Akt pathway that is known to be
constitutively activated in melanoma[37,38]. Indeed, PI3-K inhibition potentiates the ability
of demethylation treatment to induce apoptosis in melanoma lines with low or moderate
levels of H11/HspB8 methylation. However, HDAC inhibitors did not induce H11/HspB8
expression nor contribute to the death inducing capacity of Aza-C (data not shown),
underscoring the specificity of the H11/HspB8 activity.

Importantly, Aza-C caused a significant (p<0.001) decrease in the growth of melanoma
xenografts that was also directly related to the levels of H11/HspB8 methylation and
restored expression, with high levels being associated with increased inhibition of tumor
growth. Similar results were obtained for xenografts established with melanoma cells stably
transfected with tet-inducible H11/HspB8 and treated with Dox, confirming the role of H11/
HspB8 in demethylation-induced cell death (unpublished observation). Additional support
for this conclusion comes from the finding that the P173H mutant expressed by the resistant
MeWo cells is not methylated and it does not bind TAK1, an interaction that is required
H11/HspB8-induced apoptosis[23]. This is consistent with previous reports for another H11/
HspB8 mutant, known as W51C, that was seen in G361 cells and has malignant
transformation potential[20,23]. The frequency of H1/HpB8 mutation is still unknown, as
only a total of 7 lines were studied to-date. However, given our finding that most studied
melanoma cultures are sensitive to Aza-C-mediated cell killing, it is likely that such
mutations are relatively rare. Of note, our and previous findings for H11/HspB8 mimic those
described for canonical tumor suppressor genes[49–54]. They include the dysfunctional state
of H11/HspB8 in melanoma and the fact that its forced expression causes apoptotic cell
death. Also characteristic of tumor suppressors is the finding that H11/HspB8 induces cell-
type specific growth arrest or survival/proliferation, as reported for keratinocytes and
cardiomyocytes[15,18,19, 47, 48]

The EORTC early clinical trials cooperative group experience with Aza-C treatment in
patients with metastatic melanoma showed minimal success[55]. In this trial, relatively high
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doses of Aza-C were given every 5 weeks, and it has been suggested that treatment
protocols that administer low doses of Aza-C more frequently over longer periods of time
may be more effective because there is a delay in the unfolding of the drug's full
demethylating effects[56]. Another consideration is that target genes can become
remethylated in the absence of the demethylating agen, such that Aza-C may actually be
most effective when given in combination with other drugs. Consistent with this
interpretation, we found that PI3-K inhibition enhanced Aza-C-induced cell death. However,
HDAC inhibitors had no effect on H11/HspB8 expression or melanoma cell death, whether
alone or in combination with Aza-C. Synergy was reported for IFN-β in combination with
Aza-C in a melanoma xenograft model[57], and Aza-C was shown to sensitize ovarian
cancer xenografts to cisplatin and temolozolmoide, which are two drugs frequently used to
treat melanoma. Additionally, Aza-C was shown to enhance the therapeutic activity of IL-2
for melanoma in a phase I clinical trial[58], suggesting that future testing of Aza-C, in
combination with other agents is warranted for the treatment of melanoma. However, the
identification of molecular and prognostic markers remains a crucial aspect of patient
selection for individual targeted treatments. Our data suggest that H11/HspB8 is such a
marker for Aza-C treatment of melanoma, whether alone or in combination therapy. Still,
given the relatively high numbers of hypermethylated genes and the differential global
methylation patterns evidenced by distinct melanoma lines[8–13], it seems reasonable to
suggest that panels of hypermethylated genes that include, but are not restricted to H11/
HspB8, are likely to provide the widest net for patient selection for demethylating therapy.
Our data clearly suggest that H11/HspB8 is an important component of such panels, with
patients whose tumors have high levels of H11/HspB8 DNA methylation being seriously
considered for demethylation therapy. However, hypermethylation alone is not a sufficient
criterion for selecting additional panel members, which also requires a better understanding
of their ability to cause melanoma cell death upon restored expression. In the absence of
such information, the specific panel make-up is difficult to predict. Ongoing studies are
designed to address this question and further verify the therapeutic potential of Aza-C given
by other routes and in combination therapy using higher numbers of melanoma samples.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. H11/HspB8 causes growth arrest in normal melanocytes
(A) Viable cell counts in NHM cultures treated or not with H11/HspB8 aODN or sODN
(20μM; 3 days). Data are expressed as cell number × 105 ± SD. (B) Protein extracts from
similarly treated replicate cultures were immunoblotted with antibody to H11/HspB8. Blots
were stripped and re-probed with actin antibody and data are expressed as H11/HspB8
densitometric units normalized to actin ± SD. Representative molecular weights are shown
on the right. * p< 0.01; ** p< 0.001 vs No treat, by ANOVA.
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Fig. 2. H11/HspB8 inhibits Cyclin E/Cdk2 in NHM
Protein extracts from NHM cultures treated or not with H11/HspB8 aODN or sODN as in
Fig. 1, were immunoblotted with antibody to H11/HspB8. Blots were sequentially stripped
and re-probed with antibodies to Cdk2, Cyclin E or actin. Data were quantified by
densitometric scanning and results are expressed as densitometric units normalized to actin
± SD. Representative molecular weights are shown on the right. * p< 0.001 vs No treat, by
ANOVA.
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Fig. 3. H11/HspB8 inhibits β-catenin phosphorylation at Ser552 in normal melanocytes
(A) Extracts of NHM treated or not with H11/HspB8 aODN or sODN as in Fig. 1 were
immunoblotted with antibody to pβ-cateninThre41/Ser45. Blots were sequentially stripped
and reprobed with antibodies to pβ-catenin Ser552, pβ-catenin Ser675 or total β-catenin. Data

were quantified by densitometric scanning and results are expressed as pβ-catenin/ -catenin

densitometric units ± SD. (B) In vitro kinase assay with purified GST- -cateni n (βcat) or
GST proteins as substrates and glutathione-Sepharose beads coated with GST-H11/HspB8
or GST. Products were subjected to polyacrylamide gel electrophoresis and transferred to

PVDF membranes. Protein identity was confirmed by immunoblotting with antibodies to 
catenin or GST. Representative molecular weights are shown on the right. Protein kinase
(PK); immunoblotting (IB); * p<0.001 vs No treat, by ANOVA.
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Fig. 4. H11/HspB8 DNA is methylated in melanoma tissues
Bisulfite treated DNA from single cell suspensions of melanoma tissues prepared as
described in Materials and Methods was assayed by MSQP alongside DNA from melanoma
cell lines SKMEL-2 and MeWo, HEK293 cells, normal human melanocytes (NHM), normal
skin tissues (NS3#) and CpGenome™ Universal Unmethylated DNA (NC-A, NC-B). Data
are expressed as methylation units calculated as described in Materials and Methods.
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Fig. 5. H11/HspB8 methylation is inversely related to gene expression
(A) Bisulfite treated DNA and mRNA isolated from cell suspensions of metastatic
melanoma tissues, normal human melanocyte cultures (NHM) and melanoma cell lines
SKMEL-2, MeWo and A2058 were assayed by MSP and QRT-PCR, respectively. MSP
results are expressed as +/− based on the detection of methylated PCR products in 1.7%
agarose gels. Data for QRT- PCR are expressed as ΔCt values calculated as described in
Materials and Methods. Low ΔCt values indicate high expression. The ΔCt value for NHM
(5.4) was used as cut-off point (dotted line) to assess the ΔCt values for the melanoma
tissues and they are shown relative to the MSP results. (B) Bisulfite treated DNA from early
passage melanoma cultures EK, NL, VO, RP, MS, LB, IH, and EI, established melanoma
cell lines MeWo, A2058, A375, SKMEL2, LM and NHM was analyzed by MSQP and gene
expression was determined by immunoprecipitation/immunoblotting with H11/ HspB8
antibody. Data are expressed as methylation and densitometric units, respectively. The
inverse correlation between H11/HspB8 methylation and gene expression is statistically
significant (p< 0.05 by Pearson's correlation coefficient).
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Fig. 6. Aza-C induced melanoma cell death correlates with H11/HspB8 DNA methylation
(A) Protein extracts from early passage melanoma cultures, NHM and melanoma cell lines
untreated or treated with Aza-C (2μM) were immunoprecipitated immunoblotted with H11/
HspB8 antibody. Data are expressed as fold induction (densitometric units Aza-C treated/
untreated cells). (B) Melanoma cultures treated with Aza-C as in (A) were assayed for cell
death by the WST-1 assay and results are expressed as % cell death ± SD. Representative
lines falling into one of the 4 identified methylation groups (none, low, moderate, high) are
shown together with the range of methylation units and fold-induction calculated as in (A).
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Fig. 7. High levels of Aza-C-restored H11/HspB8 expression override the constitutively activated
PI3-K/Akt survival pathway
(A) Extracts of A2058, A375 and LM cells untreated or treated with Aza-C (2μM; 4d) were
immunoprecipitated/immunoblotted with antibody to H11/HspB8. Data were quantified by
densitometric scanning, and results are expressed as densitometric units. (B) WST-1 assay
of A2058, A375 and LM cells untreated or treated with Aza-C (2μM; 4d), LY294002
(50μM; 24h) or Aza-C + LY294002, the latter given for the last 24 h of Aza-C treatment.
Data are expressed as % cell death ± SD. * p < 0.001 vs Aza-C by ANOVA. (C,D) Extracts
of A375 (C), and A2058 (D) cells treated as in (B) were immunoblotted with caspase-3
antibody (recognizes the procaspase and activated caspase-3). Blots were stripped and re-
probed with actin antibody. (E) Extracts of A2058 cells, stably transfected with tet-inducible
H11/HspB8, untreated or treated with Dox (5μg/ml; 3d), LY294002 (50μM; 24h), or Dox +
LY294002, the latter given for the last 24h of Dox treatment, were immunoblotted with
caspase-3 antibody. Blots were stripped and re-probed with antibodies to H11/HspB8
followed by actin. (F) Extracts of LM cells treated as in (B) were immunoblotted with
antibodies to caspase-3. ). Blots were stripped and re-probed with actin antibody
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Fig. 8. Aza-C-mediated inhibition of melanoma tumor growth correlates with the levels of H11/
HspB8 DNA methylation/restored expression
(A) Nude mice were given A2058 or LM melanoma cells (5 × 106 in 100μl) by
subcutaneous injection into both hind flanks and animals randomly divided into two groups
were left untreated or given ip injections of Aza-C (5mg/kg) (3 doses at 3hr intervals) on
days 6 and 15 after the tumors became palpable (200 mm3 in volume). Each group consisted
of 10 tumors. Tumor volume was calculated as described in Materials and Methods. (* p <
0.001). (B) Mice were photographed on day 26,and representative untreated and Aza-C
treated animals bearing A2058 or LM tumors are shown. (C) Extracts from representative
untreated and Aza-C treated A2058 and LM tumors were immunoblotted with H11/HspB8
antibody. Blots were stripped and re-probed with actin antibody and data are expressed as
H11/HspB8 densitometric units normalized to actin ± SD.
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Fig. 9. The H11/HspB8 mutant P173H does not bind TAK1
(A) Reciprocal pull-down assay of protein extracts from MeWo cells (express P173H) using
antibodies to TAK1 (T), H11/HspB8 (H), or normal IgG (Ig) in immunoprecipitation (IP)
and immunoblotting (IB). (B) Reciprocal pull-down assay of protein extracts from
SKMEL-2 cells stably transfected with tet-regulated H11/HspB8 untreated or treated with
Dox (5μg/ml; 3d) done as in (A). Molecular weights are shown on the right. * indicates
slower migrating phosphorylated TAK1 protein.
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