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Epigenetic downregulation of the ISG15-conjugating enzyme
UbcHS8 impairs lipolysis and correlates with poor prognosis in

nasopharyngeal carcinoma
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We identified the UBE2L6 gene, encoding the ISG15-conjugating enzyme
UbcH8, as one gene significantly downregulated by promoter hypermethylation
in nasopharyngeal carcinoma (NPC). Reduced expression of the UbcH8 protein
correlated with poor outcome in NPC patients. Restored expression of UBE2L6
suppressed proliferation and colony formation in NPC cells, while inducing apoptosis.
Of particular interest, we found that aberrant lipid turnover was controlled by UbcHS8
in NPC through ISG15-conjugation of valosin-containing protein (VCP). Tumor tissue
and NPC cell lines showed conspicuously strong accumulation of lipid droplets (LDs)
compared to control nasopharyngeal epithelium and non-cancerous cell lines. We
demonstrated that UbcH8 counteracts degradation of adipocyte triglyceride lipase
(ATGL), a key enzyme in lipid catabolism.

INTRODUCTION

Nasopharyngeal carcinoma (NPC) is a unique head
and neck cancer with a distinctive ethnic and geographic
distribution and a complex etiology. During development
and progression of NPC, latent Epstein-Barr virus (EBV)
infection, multiple genetic and epigenetic changes
synergistically perturb normal cellular functions, thus
contributing to NPC pathogenesis [1].

In human cancers, the coincidence of genome-wide
hypomethylation with gene-specific hypermethylation
in CpG islands of gene promoter regions has been well
documented [2]. To date, a series of putative tumor
suppressor genes (TSGs) inactivated by promoter
hypermethylation have been discovered. These tumor
suppressors are involved in many cellular pathways

implicated in NPC, including cell cycle regulation
[3], apoptosis [4], cell adhesion [5, 6], and signal
transduction [7, 8].

In the present study, we identified 479 genes, which
were epigenetically down-regulated in NPC cell lines. We
focused our interest at the UBE2L6 gene, which showed a
strong down-regulation. This gene encodes an E2 enzyme
(UbcHS8) which participates in both ubiquitylation and
ISG15ylation [9-11].

Interferon-stimulated gene 15 (ISG15) has been
identified to be a potential serological marker for cancer
[12]. Conjugated ISG15 has been suggested to promote
tumorigenesis, whereas free ISG15 is tumor suppressive
[13—15]. This emphasizes the importance of exploring
ISGI5 modifying enzymes. Thus far, only two E2
enzymes, UbcH6 and UbcH8 have been confirmed
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to conjugate ISGI5 [16-18]. Only a few UbcHS8
ISG15-targets have been identified so far [19].

Interestingly, knock-down of UBE2L6 in mice
demonstrated a major impact on lipid metabolism, which
repressed the differentiation program of adipocytes
[20]. Impairment of Adipose triglyceride lipase (ATGL)
expression and/or function, as the crucial enzyme initiating
lipid digestion, results in lipid droplets (LDs) accumulation
[21]. A functional link between UBE2L6 and ATGL has
been established although the molecular mechanism of
the link is not yet fully elucidated. Investigation of ATGL
protein turnover pointed to the ATPase valosin-containing
protein (VCP) as a necessary factor in ATGL unfolding for
the sequential degradation by proteasomes [22]. VCP has
also been shown to be a target of ISG15 in a large-scale
screen for ISG15 modified proteins [23]. Inspired by the
fact that UBE2L6 can act as an ISG15-conjugating enzyme,
and by the dysfunction of lipid turnover in UBE2L6 knock-
out mice [20], we postulated that UBE2L6 could control
ATGL stability through ISG15 ligation to VCP.

LDs is a dynamic organelle recently observed
to be abnormally accumulated in human tumor tissues
[24]. Accumulation of LDs in the cytoplasm is a result
of impaired metabolism in tumor cells [25]. Although
the regulation and function of LDs in non-adipocytes
is unclear, it is obvious that lipids supply fuel energy in
cancer cells. Lipid mediators derived from tumor cells
play a critical role in inducing chronic inflammation in the
tumor microenvironment [26].

We have now shown that UBE2L6 is frequently
down-regulated in NPC derived cell lines and primary
tumors by promoter hypermethylation. Reduced
expression of the UbcHS8 protein correlated with poor
prognosis in NPC patients. UBE2L6 was verified as a
candidate TSG as it significantly suppressed proliferation,
colony formation and induced apoptosis in NPC cells.
This phenotype could be related to the fact that UbcHS8
stabilizes ATGL through ISG15ylation of VCP, since this
modification has an inhibitory effect on VCP activity. In
summary, we show that epigenetic silencing of UbcHS8
may play an interesting role in NPC carcinogenesis by
affecting lipid metabolism.

RESULTS

UBEZ?2L6 is inactivated in NPC cell lines and
primary tumors

cDNA microarray was performed to screen for
down-regulated genes, possibly inactivated by promoter
hypermthylation in two NPC cell lines CNE2 and
HONEI! (Fig. 1). Among the candidate genes identified,
the transcription of UBE2L6 showed a strong increase
(up to 7.8-fold) after 5-aza-dC and TSA treatment in
both cell lines. We performed semi-quantitative reverse

transcription-PCR (RT-PCR) to validate the microarray
data on three NPC cell lines (CNE1, CNE2 and HONE1)
(Fig. 1A).

Further, we tested UBE2L6 transcription levels in
six cell lines (CNE1, CNE2, TWO03, HNE1, HONEI and
C666-1), 37 NPC primary tumor biopsies and 12 normal
nasopharyngeal epithelium by RT-PCR. All of the normal
nasopharyngeal epithelia expressed an easily detectable
level of UBE2L6 mRNA. Among the NPC cell lines,
UBEZ2L6 expression was undetectable in CNE2, while
the other five had weak expression of UBE2L6 (Fig. 1B).
UBE2L6 mRNA was completely silenced in 5 of the 37
primary NPC tumor biopsies. The overall expression
levels of UBE2L6 was significantly lower in the 37 NPC
tumor biopsies as compared to the 12 non-malignant
nasopharyngeal epithelium (NNE) tested (p < 0.05,
Fig. 1C, 1D).

UbcHS expression is downregulated in NPC and
correlates with patient survival

UbcHS8 expression was studied in a total of 69 NPC
tumor tissues. Based on immunohisto-chemical analysis,
positive staining for UbcH8 was predominantly observed
in the cytoplasm and to a lesser degree in the nuclei of
non-cancerous stromal cells. UbcH8 expression levels in
NPC cancer nests were significantly lower than in adjacent
stromal tissue (Fig. 2A, 2B).

At the end of follow-up, 21 of 69 patients (30.4%)
died from NPC, 45 of 69 patients (65.2%) remained alive,
and 3 of 69 patients (4.4%) died from other causes or
could not be contacted. Among the 69 NPC specimens,
35 (50.7%) specimens were defined with low expression,
and 34 (49.3%) specimens with high expression. Univariate
Kaplan-Meier survival analysis of the complete NPC
patients (n = 69) based on UbcHS expression indicated that
the disease-specific survival period was significantly shorter
for patients with low UbcHS8 expression than for patients
with high UbcHS expression (p = 0.011; Fig. 2C).

The UBE2L6 promoter is hypermethylated in
NPC cell lines and primary tumors, but not in
normal epithelia

To address the mechanism of inactivation of UBE2L6
gene in NPC, we analyzed the methylation status of the
UBE2L6 promoter in six NPC cell lines, 40 primary tumors
and 12 normal nasopharyngeal epithelium by methylation
specific PCR (MSP). Hypermethylation was found in all
these NPC cells, in 47.5% (19/40) of the primary NPC
tumor biopsies, but in none of the normal nasopharyngeal
epithelia (Fig. 3A, 3B). It should be noted that unmethylated
fragments were detected in some of the NPC cell lines and
biopsy samples. This could be due to heterogeneity among
cells and reflect the presence of stromal non-malignant cells
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Figure 1: Transcriptional level of UBE2L6 in NPC and NNE. A. Treatment with 5-aza-dC alone restores the expression of
UBE2L6 in NPC cell lines. B. Expression levels of UBE2L6 in NPC cell lines and normal nasopharyngeal epithelia (NNE) were analyzed
by RT-PCR. C. Semi-quantitative RT-PCR analysis of UBE2L6 mRNA expression in primary NPC tumors and NNEs. Representative
examples are six primary NPC tumors and six NNEs. PC: Specific UBE2L6 expression plasmid DNA was used as a positive control.
D. Summary of UBE2L6 expression in primary NPC (n = 37) tumors and NNEs (n = 12). The box plots show the ratios of the intensities of
UBE2L6 and GAPDH signals. Boxes indicate 25 to 75 percentile, horizontal line indicates the mean, and bars indicate 10 and 90 percentile.

in a fraction of the tissue samples or to allelic difference in
methylation modification in the NPC cell lines.

In order to determine the methylation status of
individual CpG sites in the NPC samples relative to the
non-malignant control biopsies, the detailed methylation

status of the UBE2L6 promoter region —204 to +156 bp,
containing 42 CpG sites, relative to the translation start
site, was determined by bisulphite genomic sequencing.
Our results showed that most CpG sites were methylated
in the NPC cell lines (CNE2 and HONE1) and the NPC

www.impactjournals.com/oncotarget

41079

Oncotarget



1.0
High expression (n=34)
3
0.8—
x ® 0.6
g 2 g
g g Low expression (n=35)
I o 0.4
1 1
0.2+
Log-rankx2 =6.525, P=0.011
0.0
0 I I [ I 1 I | I
NPC NPC adjacent 0 10 20 30 40 50 60 70

Months

Figure 2: Detection of UbcH8 expression in NPC biopsies by immunohistochemistry. A. Representative slides of NPC
samples stained by anti-UbcHS8 antibody. Black arrows denote NPC tissue and red arrows denote adjacent stromal tissue. IHC indexes of
NPC vs. NPC adjacent: upper left (0.39 vs. 1.18); upper right (0.18 vs. 0.51); lower left (0.53 vs. 1.75); lower right (0.57 vs. 1.40). B. IHC
indexes of all the investigated NPC biopsies with paired cancer nest and corresponding adjacent non-cancerous stromal tissue (n = 69).
C. Kaplan-Meier survival curves illustrating the significance of UbcHS8 expression in NPC. NPC patients with low UbcHS8 expression had
shorter NPC-specific survival than those with high UbcH8 expression (p = 0.011).
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Figure 3: Methylation-specific PCR analysis of the UBE2L6 promoter region in NPC cell lines, NPC primary tumors
and normal nasopharyngeal epithelium. U: unmethylated alleles; M: methylated alleles. PC: positive control. In vitro methylated
DNA was used as methylation positive control and DNA from normal lymphocytes was used as a positive control for unmethylated alleles.
A. Methylation status of the UBE2L6 promoter region in NPC cell lines and NNE. B. Methylation status of the UBE2L6 promoter region
in NPC primary tumors and NNE. 4 NPC primary tumors (NPC 22, 24, 26 and 28) and 4 NNE (NNEG6, 7, 8 and 9) are shown as examples.
C. Methylation status of the 42 CpG sites within the UBE2L6 gene promoter in two NPC cell lines (CNE2 and HONE1), two NPC biopsies
(NPC24 and NPC26) and one normal nasopharyngeal epithelium biopsy (NNE7) were analyzed by bisulphite genomic sequencing. Five
randomly selected clones were sequenced for each sample. Each row represents an individual promoter allele analyzed. Open circles denote
unmethylated cytosines, and closed circles denote methylated cytosines. The frames show the CpG pairs covered by MSP primers.

biopsies (NPC24 and NPC26) (Fig. 3C). The normal
nasopharyngeal epithelia (NNE7) showed single,
randomly distributed methylated CpGs.

We detected no significant difference between tumors
with methylated or unmethylated UBE2L6 promoters and
association with age, sex, cancer staging, lymph node
metastasis or pathological subtypes (data not shown).

UBEZ2L6 suppresses cell proliferation and
induces apoptosis in NPC cells

The fact that UBE2L6 is frequently subject to
epigenetic silencing in NPC indicates that UBE2L6
may function as a TSG in NPC. To substantiate this
we analyzed the gene expression profile in UBE2L6
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Figure 7: Lipid droplets (LDs) are enriched in NPC tissues but not in normal nasopharyngeal tissue. Visualized by
Bodipy staining (left panel) exemplified by two NPC-tissues and one control. DAPI-staining (middle panel) in the same section and HE-

staining (right panel) of the next section for identification of the cells.

agents is currently the focus of several preclinical and
clinical investigations [42]. In this context, UbcH8 may
be a valuable therapeutic target in cancer treatment, since
reactivation of UbcH8 by demethylating agents may
engage both the tumor suppressive and chemosensitising
activities of the UbcHS8 protein. Additional studies
are needed to explore this potential of UBE2L6 as a
therapeutic target for cancer treatment.

In summary, our present findings show that UBE2L6
is inactivated by promoter hypermethylation in NPC.
This causes lipid accumulation in the NPC cells due to
inappropriate ATGL protein turnover. Our data indicate for
the first time, that VCP ISG15ylation opposes degradation
promoting function of VCP. We show that reduced
expression of UbcH8 correlated with poor outcome
in patients with NPC. This and other studies suggest
that UBE2L6 may be a TSG in NPC due to its ISG15-
conjugating function.

MATERIALS AND METHODS

Ethics statement

Ethical permission of this study was approved by the
Research Ethics Committee of the First Affiliated Hospital
of Guangxi Medical University (Nanning, China) and by

the Regional Ethics Committee of Karolinska Institutet,
Stockholm, Sweden, No. 00-302.

NPC cell lines, primary tumors and NNE

The six NPC cell lines (CNE1, CNE2, TWO3,
C666-1, HNE1 and HONE1) [43-46] were routinely
maintained in IMDM medium (Invitrogen, Carlsbad,
CA., USA) supplemented with 10% fetal calf serum
(HyClone, UK Ltd, Northumberland, UK) at 37°C in an
atmosphere of 5% CO,. Two non-malignant nasopharyngeal
epithelial cell lines (NP69 and NP460) were cultivated in
Defined Keratinocyte-serum free medium (Invitrogen)
[47, 48]. In total, 95 NPC and 13 normal nasopharyngeal
specimens were obtained at the Department of
Otolaryngology -Head & Neck Surgery, First Affiliated
Hospital of Guangxi Medical University (Nanning, China),
after written informed consent from donors, as previously
described [6, 7]. They were anonymized for this study.
Forty-seven cases were used for RNA extraction, another
40 were used for DNA extraction. Twelve normal controls
provided enough biopsy material for both DNA and RNA
extraction. A separate group of 69 NPC cases were included
to evaluate the expression of UbcH8 in NPC tissues.
Frozen sections were prepared from eight NPCs and one
normal control. All were patients with primary NPC who
underwent radiotherapy at the First Affiliated Hospital of
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