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Abstract

Purpose: Lysine demethylase (KDM) 5B, as a member of the histone lysine demethylase family, is
overexpressed and functions abnormally in various human cancers. However, its expression in the
squamous cell carcinoma of the head and neck (SCCHN) remains unclear.

Methods: KDM5B expression was analyzed by immunohistochemistry and correlated with
clinicopathological parameters in 103 archival SCCHN tissue samples and 24 adjacent noncancerous
epithelial tissues.

Results: We found that KDM5B expression was higher in SCCHN than that in adjacent
noncancerous tissues. This was closely associated with lymph node metastasis and tumor
recurrence. In addition, Kaplan-Meier analysis revealed that patients with high KDM5B expression
had shorter disease-free and overall survival times than those with low KDM5B expression.
Importantly, both univariate and multivariate analysis demonstrated that KDM5B level was an
independent prognostic factor in SCCHN patients.

Conclusions: These results indicate that KDM5B is a valuable biomarker that can be used to predict

SCCHN patient outcome.
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Introduction

Squamous cell carcinoma of the head and neck
(SCCHN) is one of the most common malignancies
worldwide with more than 600,000 cases diagnosed
annually, representing a major cause of
cancer-associated illness and death. Despite progress
in early diagnosis and multimodal interventions,
including surgery, chemotherapy, radiotherapy and
immunotherapy, SCCHN patients still exhibit
unsatisfactory clinical response and have poor
prognosis, especially at advanced stages of the disease
[1]. Besides tobacco use, alcohol consumption, and
human papillomavirus (HPV) infection [2, 3], local
and distant lymph node metastases also contribute to

the development and progression of SCCHN patients.
In particular, patients with ipsilateral lymph node
metastasis and/or distant metastasis have relatively
low cure rates. Therefore, it is important to clarify the
molecular changes associated with metastasis in order
to develop more effective treatments and reduce
mortality in SCCHN patients.

Epigenetic alterations such as DNA methylation,
histone modification and chromatin remodeling have
been implicated in the initiation and progression of
cancers including SCCHN [4, 5]. Histone methylation,
as one kind of histone modification, affects gene
expression by directly altering chromatin structure
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and/or by promoting the recruitment of effector
proteins [6]. Trimethylated lysine 4 on histone H3
(H3K4me3), an epigenetic marker, shows abnormal
expression and function in diverse solid tumors [7].
H3K4me3 level is dynamically modulated by several
histone methyltransferases and histone demethylases
[8].

Lysine demethylase (KDM) 5B, also known as
PLU-1 and JARID1B, functions as a transcriptional
repressor by removing H3K4 di- and tri-methylation
marks from target genes [9]. H3K4me3 removal by
KDMS5B is required for normal zygotic genome
activation and early embryo development [10].
Additionally, KDM5B has diverse, context-specific
roles in the epigenetic regulation of cell phenotype
during normal development and carcinogenesis [11].
Increasing reports have demonstrated that KDM5B is
overexpressed in multiple human cancers, which is
associated with malignant behaviors such as
unlimited proliferation, invasion, metastasis, and
treatment resistance, suggesting that KDMb5B can
serve as a potential therapeutic target in human
malignancies [9]. However, the expression and
function of KDM5B in SCCHN remains unclear,
particularly with respect to disease progression and
patient outcome. To address this issue, the present
study investigated KDM5B expression and its
relationship to clinical parameters by analyzing a
large set of archival SCCHN tissue specimens.

Materials and Methods

Patient information and tissue preparation

Archival paraffin-embedded SCCHN tissue
samples from 103 patients were analyzed in this
retrospective  study, in which 24 adjacent
noncancerous epithelial tissues were included [12, 13].
Samples were collected from January 2002 to October
2004 from patients who had no history of previous
malignancies, or radio- or chemotherapy. Recurrence
and metastasis were established based on physical
examinations, imaging results, operation, and
post-operative pathological examination. Informed
consent was obtained from all patients before surgery.
Pathological tumor-node-metastasis (TNM) stage was
determined according to the 7th American Joint
Committee on Cancer staging system. Patient
characteristics such as sex, age, smoking history,
alcohol consumption, tumor site, histological grade,
tumor size, clinical stage, and lymph node metastasis
were recorded (Table 1). The study was approved by
the Research Ethics Committee of Central South
University, Changsha, China.

Table 1. Correlations between KDM5B expression and
clinicopathological parameters

KDMB5B expression
Parameters No. of patients Low High x2value P-value
Age
<58 47 29 18 0.220 0.690
>58 56 32 24
Sex
Female 4 2 2 0.147 1.000
Male 99 59 40
Smoking
Yes 54 29 25 1.432 0.316
No 49 32 17
Alcohol consumption
Yes 55 33 22 0.029 1.000
No 48 28 20
Histological grade&
Gl1+G2 37 19 18 1.482 0.296
G3 66 42 24
Primary tumor sites
Glottic 63 41 22 2.304 0.153
Others 40 20 20
T classifications
T1+T2 52 33 19 0.781 0.426
T3 + T4 51 28 23
Clinical stages
I+1I 41 29 12 3.736 0.066
1 +1v 62 32 30
Lymph node
metastasis
NO 64 45 19 8.607 0.003
N+ 39 16 23
Recurrencet
Yes 59 30 29 7.160 0.011
No 40 31 9

NOTE: & G1, G2 and G3 were defined as poorly-differentiated,
moderately-differentiated and well-differentiated, respectively.

1. Four patients were lost to follow-up due to changes in address or telephone
number.

Immunohistochemistry

Immunohistochemistry was performed as
reported in our previous studies [12-14], using the
PV-6001 Two-Step IHC  Detection Reagent
(ZhongShan Goldenbridge Bio, Beijing, China).
Briefly, antigen retrieval was carried out for slides
harboring tissue sections in 10 mmol/1 citrate buffer
(pH 6.0) for 15 min at 100°C in a microwave oven.
Endogenous peroxidase activity was blocked by
incubation in 3% hydrogen peroxide for 10 min at
room temperature. The slides were then incubated

overnight at 4°C with mouse monoclonal anti-

KDM5B antibody at 1:600 dilution (MA5-24626;
Invitrogen, Carlsbad, CA, USA), followed by
horseradish peroxidase-labeled goat anti-rabbit IgG.
Immunoreactivity = was  visualized  with 3/,
3'-diaminobenzidine and samples were
counterstained with Mayer’s hematoxylin. Negative
control slides were prepared by applying normal goat
serum instead of the primary antibody under the
same experimental conditions.
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Evaluation of staining

Sections were evaluated and scored by two
independent investigators, who were blinded to the
clinicopathological parameters. Nuclear staining was
considered as positive for KDM5B expression and the
entire tissue section was examined to determine the
final score. Staining intensity was scored as 0
(negative), 1 (weak), 2 (medium) and 3 (strong).
Degree of staining was stratified as 0 (0%), 1
(1%-25%), 2 (26%-50%), 3 (51%- 75%) and 4
(76%-100%), and was defined as the percentage of the
positively stained area relative to the total area of
tumor infiltration. The final staining score (ranges:
0-7) for KDM5B was determined as the sum of
staining intensity and degree. Tumors were
categorized into two groups: high KDM5B expression
(scored as 5-7) and low KDMS5B expression (scored as
0-4) based on the final staining score [12].

Follow-up

Follow-up materials after surgery were obtained
from 99 patients (96.1%); four patients were lost to
follow-up due to changes in address or telephone
number. Recurrence and metastasis were determined
by clinical and pathologic examination and imaging.
Overall and disease-free survival were calculated
from the day of surgery to the date of death or tumor
relapse. Death from other causes was treated as
censored cases. The follow-up time ranged from 2 to
60 months, with a median follow-up time of 45.97
months (SD = 19.435).

The Cancer Genome Atlas (TCGA) data
analysis

Publicly available human SCCHN datasets
TCGA were analyzed. The mRNA expression profiles
(lumina Hiseq RNAseq V2, RSEM normalized)
downloaded from the TCGA portal
(https:/ /cancergenome.nih.gov/) included 44 normal
and 512 SCCHN tissue samples.

Statistical analysis

Continuous variables are expressed as mean *
SD. Positive rates of KDM5B expression in SCCHN
tissues and adjacent noncancerous tissues were
compared by ¥2 test, which was also used to analyze
the difference between KDM5B protein levels and
clinicopathological parameters. Survival analysis was
performed with the Kaplan-Meier method and
survival curves were compared using the log-rank
test. Cox’s proportional hazards model was applied in
univariate and multivariate analyses to identify
factors that were independent indicators of prognosis.
Statistical analyses were performed using SPSS v.17.0
software (SPSS Inc., Chicago, IL, USA). P < 0.05 was

considered statistically significant.

Results

KDMS5B expression is elevated in SCCHN
patients

We investigated the expression status of KDM5B
in SCCHN by analyzing TCGA RNA-Seq data and
found that KDM5B mRNA level was higher in the 512
SCCHN tissue samples than in the 44 adjacent
non-cancerous epithelial tissue samples (Fig.1A).
Genetic alterations in KDM5B including gene
amplification, mRNA upregulation, and truncating
mutation and missense mutations, were detected in
39/512 (7.6%) of SCCHN patients (Fig.1B). To confirm
the expression of KDM5B protein,
immunohistochemistry was performed for 103
paraffin-embedded, archival primary SCCHN tumor
samples. KDM5B immunoreactivity was mostly
distributed in the nuclei of carcinoma and
non-cancerous epithelial cells (Fig.1C). A total of 80
(77.7%) primary tumor samples were positive for
KDMBS5B expression, including 42 patients with high
KDM5B expression and 61 patients with low
expression,  respectively.  However, = KDM5B
expression was only positive in 9 (9/24 = 37.5%) cases
of non-cancerous adjacent tissues (P < 0.01). These
results indicate that KDMb5B is overexpressed in
SCCHN.

KDM5B expression is positively associated
with SCCHN progression

We investigated the associations between
KDMS5B expression and diverse clinicopathological
parameters. As summarized in Table 1, KDM5B
overexpression was significantly associated with
cervical lymph node metastasis (P = 0.003) and
recurrence (P = 0.011), respectively. However,
KDMS5B expression did not differ between groups
classified by age (P = 0.690), sex (P = 1.000), alcohol
history (P = 1.000), smoking (P = 0.316), tumor grade
(P = 0.296), tumor site (P = 0.153), tumor T
classification (P = 0.426), and advanced clinical stage
(P = 0.066). These results indicate that KDM5B
expression is closely correlated with SCCHN
progression.

KDM5B expression is negatively associated
with disease-free and overall survival

A survival analysis was performed using data
from 99 patients for whom follow-up information was
available. The Kaplan-Meier analysis revealed that
KDM5B overexpression in SCCHN patients was
significantly correlated with shorter disease-free
survival time (P = 0.003; Fig.2A) and shorter overall
survival time (P < 0.001; Fig.2B). The log-rank test
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confirmed that survival time differed between
patients with high and low KDMb5B expression.
Univariate Cox regression analyses determined that
cancer site, clinical stages, T classifications, metastasis
and KDM5B expression were significantly associated
with both disease-free survival and overall survival
(All P < 0.05). Additionally, smoking history was also
correlated with disease-free survival (P = 0.028, Table
2). However, metastasis was only determined to be an
independent prognostic factor for overall survival (P
= 0.049), and KDM5B expression was an independent
prognostic factor for post-surgery outcome (All P <
0.05; Table 2).

Stratified survival analysis

In our previous study using the same SCCHN
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tissue samples, we demonstrated that lymph node
metastasis was significantly associated with shorter
disease-free and overall survival and was an
independent prognostic factor for reduced overall
survival by multivariate analysis [12, 14]. We
therefore carried out a subset analysis that combined
KDM5B expression and lymph node status. The
results demonstrated that patients with a high
KDMS5B expression/lymph node (+) phenotype had
shorter disease-free and overall survival than other
patients (P < 0.001 and P < 0.001, respectively;
Fig.3A-B). These results demonstrate that the
combination of KDM5B expression and lymph node
metastasis can more effectively predict SCCHN
patient prognosis.

Adjacent normal
tissue (negative)

® Truncating Mutation ™ Missense Mutation

Figure 1. KDM5B is overexpressed in SCCHN. (A) KDM5B mRNA levels in SCCHN and corresponding non-cancerous adjacent tissue samples from TCGA
dataset were compared. NCET, noncarcinoma epithelial tissues. (B) Frequencies of KDM5B alterations—including amplification, mRNA upregulation, truncation and
missense mutations—from SCCHN TCGA database were analyzed in cBioportal. (C) Representative images of KDM5B protein expression in SCCHN and
corresponding adjacent non-cancerous epithelial tissues, as determined by immunohistochemistry. Original magnification: 100x (upper) and 400% (lower).
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Figure 2. KDM5B expression is correlated with poor clinical outcome in SCCHN patients. (A, B) Kaplan-Meier analysis and log-rank test for disease-free
survival (A) and overall survival (B) in SCCHN patients with differential expression of KDM5B.

http://lwww.jcancer.org



Journal of Cancer 2018, Vol. 9

202

Table 2. Cox model analysis of disease-free survival and overall survival

Disease-free survival

Overall survival

Parameters Relative risk (95%CI) P-value Relative risk (95%CI) P-value
Univariate
Age 0.917 (0.550-1.530) 0.741 0.879 (0.490-1.577) 0.665
Gender 1.262 (0.395-4.038) 0.695 1.791 (0.554-5.791) 0.331
Smoking 1.810 (1.067-3.071) 0.028 1.388 (0.764-2.521) 0.281
Alcohol consumption 0.878 (0.526-1.463) 0.617 1.285 (0.708-2.334) 0.409
Histological grades 1.007 (0.591-1.718) 0.978 1.093 (0.594-2.014) 0.775
Primary tumor sites 0.337 (0.225-0.632) <0.001 0.270 (0.147-0.496) <0.001
T classifications 2.021 (1.193-3.423) 0.009 3.175 (1.661-6.068) <0.001
Clinical stages 3.295 (1.797-6.041) <0.001 7.661 (3.011-19.492) <0.001
Lymph node metastasis 3.175 (1.875-5.375) <0.001 7.184 (3.652-14.133) <0.001
KDMS5B expression 2.155 (1.298-3.604) 0.003 2.787 (1.539-5.049) 0.001
Multivariate
KDMB5B expression 1.956 (1.117-3.424) 0.019 2.089 (1.079-4.045) 0.029
Lymph node metastasis 1.111 (0.477-2.589) 0.807 2.798 (1.004-7.794) 0.049
NOTE: All the clinicopathological variables listed in the table were included in the univariate and multivariate analyses.
Abbreviation: 95% CI, 95% confidence interval.

A B Others

104 Others 1.0 +v--.  (n=45, 84.4%)

— — i I

S gl ..., (n=45,60.0%) S 48

S o 2o

35 S S8

».2 0.6 EEEE @ = 0.6+

28 28 Lymph node (+)/

Bz 04 &= 0.4 High KDM5B

=Jous Lymph node (+)/ S < (n=54, 29.6%)

E-= 0.2 High KDM5B £ 0.2-

5] (n=54, 24.1%) 3]

0.0 P<0.001 0.0 P<0.001

0 10 20 30 40 50 60
Disease-free survival
(months)

0 10 20 30 40 50 60
Overall survival (months)

Figure 3. KDM5B expression is inversely related to SCCHN patient survival. (A, B) Stratified analysis of disease-free survival (A) and overall survival (B)

according to the combination of lymph node metastasis and KDM5B expression.

Discussion

The results of our study demonstrate that
KDMS5B expression was increased in SCCHN tissues
compared to that in adjacent noncancerous tissues,
and was associated with progression parameters
including lymph node metastasis and recurrence in
patients with SCCHN. Importantly, high levels of
KDMS5B protein were predictive of poor prognosis,
and could be used as an independent prognostic
parameter, especially when combined with lymph
node metastasis status.

We found here that KDM5B overexpression was
indicative of SCCHN progression. KDM5B functions
as a demethylase to maintain the balance of H3K4me3
[15, 16]; its aberrant expression has been reported in a
variety of human malignancies including breast [17],
bladder [18], liver [19, 20], lung [21], prostate [22],
ovarian [23], oral [24] and cervical [25] cancers. Our

data are consistent with previous reports that high
levels of KDM5B are linked to cancer aggressive
parameters including metastasis and recurrence [17,
20, 24]. Thus, KDM5B may have critical roles in cancer
initiation and progression.

Loss-of-function experiments have validated
that KDM5B inhibition suppresses the growth of
breast cancer cells in vitro and colony formation in soft
agar, as well as mammary tumor formation in vivo [26,
27]. KDM5B overexpression is required for the stem
cell-like phenotype in oral squamous cancer cells [24]
and neuroblastoma [28], and confers resistance to
chemo- and radiotherapy. These findings suggest a
pro-oncogenic role for KDM5B in human cancers.

The results of our study indicate that KDM5B is
associated with metastasis in patients with SCCHN.
Epithelial-mesenchymal transition (EMT) has been
extensively reported to initiate and enhance cancer
metastasis [29]. KDM5B can inhibit the expression of
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microRNAs in the miR-200 family by altering their
histone H3 methylation status, and then increase the
expression of transcription factor zinc finger
E-box-binding homeobox (ZEB)1 and ZEB2 to induce
EMT and metastasis in lung cancer [30]. In
hepatocellular ~ carcinoma, @ KDM5B  promotes
metastasis and EMT via phosphatase and tensin
homolog (PTEN)/AKT signaling [19]. On the
contrary, KDMb5B repressed the expression of
chemokine (C-C motif) ligand 14 (CCL14), an
epithelium-derived chemokine, to reduce the
angiogenic and metastatic potential of breast cancer
cells in wvivo [31]. These contradictory functions
suggest that KDM5B has complex roles in metastasis
and that the final phenotype is determined by
downstream genes that are epigenetically regulated
by KDM5B. Therefore, the exact molecular
mechanisms regarding metastasis regulation are
urgent for detailed investigations in future.

The major finding of this study is the validation
of KDM5B as a prognostic marker in SCCHN patients.
Currently, the standard management of SCCHN
patients is based on anatomic considerations, TNM
stage, and histopathologic grade [1]. However, recent
studies have suggested that other factors such as
molecular and cellular characteristics of primary
tumors can improve our ability to predict patient
outcome [12, 32]. In the present study, KDM5B
expression was inversely correlated with overall
survival and disease-free survival, which is consistent
with findings in breast [17] and hepatocellular
carcinoma [20]. In particular, patients with a high
KDMS5B expression/lymph node metastasis (+)
phenotype had shorter disease-free and overall
survival times. Therefore, evaluating KDM5B protein
expression in combination with other clinical
variables such as lymph node metastasis may provide
a more accurate measure of SCCHN patient
prognosis.

In conclusion, our study indicates that KDM5B is
increased in human SCCHN and that KDM5B
overexpression is closely correlated with tumor
malignant progression and poor survival in SCCHN
patients, suggesting KDM5B can serve as a specific
and novel prognostic protein in SCCHN.
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