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RNF8 is associated with radioresistance, nodal stage and
extranodal spread in oral cavity squamous-cell carcinoma
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Background: Oral cavity cancer has an early metastatic profile and poor adjuvant therapy response when
compared with other head and neck cancers, which is reflected in more aggressive clinical management.
Accurate prognostic prediction is dependent on histological disease staging and extranodal spread, however
these parameters are not available in preoperative clinical decision making. E3-ubiquitin ligase RNF8
is involved in the DNA repair cascade and dysregulation has been shown to promote iz vitro genomic
instability.

Methods: A single-site retrospective series of 53 patients with oral cavity cancer were selected from 2006 to
2012. Clinical data was obtained from chart review, and survival data obtained from the Queensland Cancer
Registry. Immunohistochemical analysis for RNF8 was performed against a constructed tissue microarray.
Results: Sixteen (30.3%) tumours stained positive for RNF8 expression. RNF8 negative disease showed
a significant survival advantage in patients who did not receive radiotherapy, while a non-significant inverse
association was suggested in patients who did receive radiotherapy. RNF8 positivity was associated with
increased tumour thickness (P=0.021), nodal extracapsular spread (ECS) (P=0.037) and pathological N-stage
(P=0.036).

Conclusions: RNF8 shows significant correlation with established tumour prognostic features of tumour
thickness, ECS and nodal stage.
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Introduction oral cavity cancer demonstrates occult metastatic disease

in 13-33% (pT1) and 37-50% (pT2) of cases (6). There is

Oral cavity cancer is the tenth most common cancer in the ST ol ) ) ) ]
significant morbidity associated with neck dissection and

developed world (1), and treatment outcomes have shown

limited improvement in survival compared to other head adjuvant radiotherapy, highlighting a need for predictive

and neck cancers (2,3). Contributing to poor survival is the
relatively advanced stage at diagnosis (4) and limitations
of imaging in pre-surgical staging (5), leading to more
aggressive surgical and adjuvant management. Elective
neck dissection in clinically node-negative pT'1 and pT2
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markers to improve patient selection.

Underpinning cancer development and metastasis is
genomic instability, which is a function of outside stresses
and the cellular DNA damage response cascade. Double-
strand DNA breaks are the most deleterious genomic
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Table 1 Study population and treatment modalities

Parameter Number
Sex

Male 36

Female 17
Age (years)

<60 13

60-70 18

70-80 11

>80 11
T-stage

T1 11

T2 22

T3 5

T4 15
N-stage

NO 28

N1 13

N2a/b/c 12

N3 0
Comorbidity (ACE-27)

0 20

1 18

2 11

3 4
Radiotherapy

None 22

Adjuvant 31
Chemotherapy

None 45

Concurrent 8

lesion and are repaired by two competing repair pathways;
homologous recombination (HR) and non-homologous
end joining (NHE]). RNF8 is a ubiquitin-E3 ligase (7) that
acts in a number of roles in the DNA damage response and
repair system (8,9), is preferentially expressed following
IR exposure (10), and is a rate-limiting component among
the ubiquitin-E3 ligase analogues (11). RNF8-mediated
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ubiquitin-chain polymerisation of histones H2A and
H2Ax promote initiation of the both HR and NHE]
upstream mediators (9), however there is also evidence it
can prevent interference between the two pathways (12).
In vitro knockdown of RNF8 induces PARP1-inhibitor
sensitivity, chemosensitivity and radiosensitivity (12,13).
In this study, our aim is to investigate the role of RNF8
protein expression in overall survival and association with
established adverse clinical markers.

Methods
Study population

Patients were selected retrospectively from a single-
site tertiary referral centre (Princess Alexandra Hospital)
(Table I). Patients were selected on primary tumour site
(oral cavity), adequate stored tissue, and complete clinical
data. Patients were excluded for insufficient stored tumour
and inappropriate or uncertain primary site, and for
treatment with palliative intent. All patients underwent
primary excision, with neck dissection and adjuvant
radiotherapy as appropriate for the disease stage. Two [2]
patients were excluded for refusing radiotherapy where it
was recommended. No patients were unable to complete
adjuvant radiotherapy when commenced. Where available,
all delivered radiotherapy regimens were of 60 or 66 Gy
with no altered fractionation.

Procedure

Ethics and governance approval was obtained from Metro
South Governance at the Princess Alexandra Hospital
(HREC/13/QPAH/2). From the Fifty-five [55] formalin-
fixed paraffin-embedded tumours were sampled and
assembled in a tissue microarray with a Beecher MTA-1
Manual Arrayer. Antigen retrieval was effected by autoclave
at 105 degrees celcius in EDTA buffer for 15 minutes,
blocked with TBS. Sections were incubated for 1 hour
with primary antibody (Sigma HPA050731) 1:100 dilution
at room temperature. Sections were counterstained with
haematoxylin and assessed by the study pathologist. A four-
point grading scale (No uptake, mild uptake, moderate
uptake, significant uptake) was constructed using reference
normal oral mucosa as a control. Tumours were scored
according to percentage expression and intensity. Clinical
data was obtained from chart review and pathological

database search. Comorbidity was graded with the ACE-27
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Figure 1 Subgroup survival graph for RNF8 score in patients who
received radiotherapy (Mantel-Cox log rank =0.230).
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Figure 2 Subgroup survival graph for RNF8 score in patients who
did not receive radiotherapy (Mantel-Cox log rank =0.091).

scoring tool (14). Data analysis is performed with the
assistance of IBM SPSS (ver 21) statistical analysis software.
Kaplan-Meier survival graphs are constructed for each, and
statistical significance is tested using the Mantel-Cox log
rank. Interactions between biomarkers and clinical cofactors
were manually tested using Pearson’s R-test or Spearman
correlation.

Results

Staining intensity showed reasonable variability with the
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Table 2 pN-stage and extracapsular spread (ECS) compared with
RINFS positivity. Statistical P values for overall correlations

RNF8 score
Feature
Negative Positive

Nodal stage (P=0.036)

NO 22 6

N1 9 4

N2 6 6
Extracapsular spread (P=0.037)

Not present 12 4

Present 2 5

RNFS8 antibody, with 16 of 53 valid tumours (30.2%) graded
‘positive’ on stain intensity. Localisation in positive samples
was homogenous, with a granular nuclear stain uptake.

While overall survival was not significantly affected
in RNF8-positive disease in this study, stratification by
received radiotherapy treatment showed an inverse survival
relationship (Figures 1,2). One patient in this analysis was
censored, as they did not receive radiotherapy however still
had residual disease.

Strong association was found between RNF8 positivity
and N-stage (P=0.036) (Table 2), extracapsular spread (ECS)
(P=0.037) and tumour thickness (P=0.021) (Figure 3).

Discussion

The present study demonstrates an association between
RNEFS8 expression and tumour thickness, nodal status
and nodal ECS. Prediction of overall survival is linked
to radiotherapy treatment, with RNF8-positive disease
demonstrating increased radiosensitivity. Interestingly,
positivity was also associated with the presence of adverse
features. In particular, strong association was found
with nodal ECS, one of the most sensitive predictors for
aggressive disease (15,16). While these findings appear
to be in contrast to in vitro cell knockdown studies which
demonstrate increased IR and chemosensitivity in RNF8-
deficient disease (12,13), staining was not calibrated to
indicate deficiency. RNF8 is a rate-limiting component
of the E3-ubiquitin ligase system that aids coordination
of NHE]J and HR DNA repair (11). RNF8 also generates
Lys48-linked ubiquitin chains which are associated with
histone degradation (17). High 7z vivo tumour expression of
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Figure 3 Histogram demonstrating association between RNF8
intensity and tumour thickness (P=0.021).

RNF8 may represent higher levels of underlying genomic
instability, and propensity to develop the associated adverse
features of ECS and nodal spread.

Overall survival data suggests an association with
radiosensitivity, however interpretation of the predictive
effect of RNF8 expression on the effectiveness of
radiotherapy in the present retrospective study is not
possible due to the inability to exclude patients who were
offered radiotherapy but declined, or were decided to be
unfit for radiotherapy. One such patient was identified
and excluded, however as chart documentation was not
standardised this could not be properly assessed. As a
subgroup analysis, neither survival graph reaches prognostic
significance in isolation. Given the strong role of RNF8
in both radioresistance mechanisms and dsDNA repair
pathways, this is a promising link for larger trials to
investigate.

We have demonstrated a strong association between
RNEF8 expression and several critical clinical markers for
disease prognosis; tumour thickness, ECS and histological
N-stage, which are only available following surgical
excision. Importantly, as RNF8 expression may be assessed
on a pre-operative biopsy specimen, its association with
ECS and nodal spread may allow these features to be
predicted pre-operatively. This early identification of
adverse pathological staging has application in early
chemotherapy & radiotherapy planning, patient treatment
discussion and multidisciplinary team decision-making.

Further prospective studies are required to elucidate
the effectiveness and predictive power of RNF8 as a
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treatment biomarker. The association between high
intrinsic RNF8 expression and aggressive tumour features
suggests underlying genomic instability, and in the context
of previous work demonstrating chemoradiosensitivity in
RNF8-deficient cells offers an attractive adjuvant drug
target.

Acknowledgments

Funding: None.

Footnote

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at http://dx.doi.
org/10.21037/aj0.2019.05.04). The authors have no
conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved. The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013). Ethics and governance approval was
obtained from Metro South Governance at the Princess
Alexandra Hospital (HREC/13/QPAH/2). Informed
consent was waived due to the retrospective nature of the
study.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Ferlay J, Soerjomataram I, Dikshit R, et al. GLOBOCAN
Cancer Incidence and Mortality. 2008. Available online:
http://globocan.iarc.fr

2. Schantz SP, Yu GP. Head and neck cancer incidence trends
in young Americans, 1973-1997, with a special analysis
for tongue cancer. Arch Otolaryngol Head Neck Surg
2002;128:268-74.

Aust 7 Otolaryngol 2019;2:19 | http://dx.doi.org/10.21037/ajo.2019.05.04


http://dx.doi.org/10.21037/ajo.2019.05.04
http://dx.doi.org/10.21037/ajo.2019.05.04
https://creativecommons.org/licenses/by-nc-nd/4.0/

Australian Journal of Otolaryngology, 2019

10.

Horner M, Ries LAG, Krapcho M, et al. SEER Cancer
Statistics Review, 1975-2006, National Cancer Institute.
Bethesda, MD. 2009.

Neville BW, Day TA. Oral Cancer and Precancerous
Lesions. CA Cancer J Clin 2002;52:195-215.
Stuckensen T, Kovacs AF, Adams S, et al. Staging of the

neck in patients with oral cavity squamous cell carcinomas:

a prospective comparison of PET, ultrasound, CT and
MRI. J Craniomaxillofac Surg 2000;28:319-24.

Fasunla, AJ, Greene BH, Timmesfeld N, et al. A meta-
analysis of the randomized controlled trials on elective
neck dissection versus therapeutic neck dissection in oral
cavity cancers with clinically node-negative neck. Oral
Oncol 2011;47:320-4.

Ito K, Adachi S, Iwakami R, et al. N-Terminally extended
human ubiquitin-conjugating enzymes (E2s) mediate
the ubiquitination of RING-finger proteins, ARA54 and
RNF8. Eur ] Biochem 2001;268:2725-32.

Marteijn, JA, Bekker-Jensen S, Mailand N, et al.
Noucleotide excision repair-induced H2A ubiquitination is
dependent on MDCI1 and RNF8 and reveals a universal
DNA damage response. ] Cell Biol 2009;186:835-47.
Mailand N, Bekker-Jensen S, Faustrup H, et al. RNF8
Ubiquitylates Histones at DNA Double-Strand Breaks
and Promotes Assembly of Repair Proteins. Cell
2007;131:887-900.

Sakasai R, Tibbetts R. RNF8-dependent and RNF8-
independent Regulation of 53BP1 in Response to DNA
Damage. J Biol Chem 2008;283:13549-55.

doi: 10.21037/2j0.2019.05.04
Cite this article as: Jenkins G, Lambie D, Richard D,

Panizza B. RNF8 is associated with radioresistance, nodal stage

and extranodal spread in oral cavity squamous-cell carcinoma.

Aust ] Otolaryngol 2019;2:19.

© Australian Journal of Otolaryngology. All rights reserved.

11.

12.

13.

14.

15.

16.

17.

Page 5 of 5

Mok MT, Cheng AS, Henderson BR. The ubiquitin ligases
RNF8 and RNF168 display rapid but distinct dynamics

at DNA repair foci in living cells. Int ] Biochem Cell Biol
2014;57:27-34.

Kobayashi S, Kasaishi Y, Nakada S, et al. Rad18 and Rnf8
facilitate homologous recombination by two distinct
mechanisms, promoting Rad51 focus formation and
suppressing the toxic effect of nonhomologous end joining.
Oncogene 2015;34:4403-11.

Huen MS, Grant R, Manke I, et al. RNF8 Transduces

the DNA-Damage Signal via Histone Ubiquitylation and
Checkpoint Protein Assembly. Cell 2007;131:901-14.
Bang D, Grant R, Manke I, et al. The Adult Comorbidity
Evaluation-27 (ACE-27) test: a new comorbidity index for
patients with cancer. In Annual Meeting of the American
Society of Clinical Oncology. 2000. Available online:
https://www.medicalalgorithms.com/comorbidity-scores-
cancer

Shaw RJ, Lowe D, Woolgar JA, et al. Extracapsular
spread in oral squamous cell carcinoma. Head Neck
2010;32:714-22.

Woolgar JA, Rogers SN, Lowe D, et al. Cervical lymph
node metastasis in oral cancer: the importance of

even microscopic extracapsular spread. Oral Oncol
2003;39:130-7.

Feng L, Chen J. The E3 ligase RNF8 regulates KU80
removal and NHE]J repair. Nat Struct Mol Biol
2012;19:201-6.

Aust 7 Otolaryngol 2019;2:19 | http://dx.doi.org/10.21037/ajo.2019.05.04



