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PLU-1/JARID1B overexpression predicts proliferation
properties in head and neck squamous cell carcinoma
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Abstract. PLU-1/JARIDIB (jumonji AT rich interactive
domain 1B) is one of the testis cancer antigens and functions
as a histone demethylase in the regulation of various human
types of cancers. However, its functions in head and neck
squamous cell carcinoma (HNSCC) are rarely reported. The
aim of the present study was to examine PLU-1/JARID1B
expression levels in HNSCCs and to investigate its role in
cancer cell proliferation. In the present study, we found
that PLU-1/JARIDIB mRNA was upregulated in all tested
HNSCC cell lines. Immunohistochemical staining showed
that PLU-1/JARIDI1B protein expression was detected in
87.8% (87/99) of the HNSCC cases. A positive association
was observed between high PLU-1/JARIDIB expression
and higher Ki-67 labeling in the HNSCC samples (Pearson
r=0.6514, P=0.0003). Stable PLU-1/JARID1B knockdown
by PLU-1-shRNAs in the HNSCC cell lines suppressed cell
growth both in the in vitro and in vivo studies. Moreover,
PLU-1/JARIDI1B knockdown resulted in G1 arrest and
early apoptosis by suppressing Bcl-2 family members in
the HNSCCs. These data indicate that PLU-1/JARIDIB is
overexpressed in HNSCCs and is associated with tumor
proliferation and apoptosis. Therefore, PLU-1/JARIDIB
represents a candidate proliferation biomarker for HNSCC
diagnosis and treatment.
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Introduction

Head and neck squamous cell carcinoma (HNSCC) is one of the
most common types of cancer worldwide (1). Despite advance-
ments in the treatment of HNSCC over the past few decades,
the clinical outcomes for advanced HNSCC patients remain
dismal. Therefore, further elucidation of the molecular basis of
HNSCC is critical for identifying molecular abnormalities that
contribute to HNSCC progression. These abnormalities may
serve as potential biomarkers for predicting clinical outcomes
and/or molecular targets to improve the treatment of HNSCC
patients.

Histone demethylases control the expression of
downstream genes, which are known to promote cancer
development (2,3). PLU-1/JARIDIB (jumonji AT-rich inter-
active domain 1B) is a member of the JARID1/KDMS protein
family. Similar to other members of the JARIDI1 family,
PLU-1/JARIDIB functions as a demethylase that is respon-
sible for demethylation of lysine 4 of histone 3 trimethylation
(H3K4me3) (4,5). PLU-1/JARIDIB is highly expressed in
testis tissues and in differentiated mammary glands, while
expressed at low levels in other adult tissues (6-8). PLU-1/
JARIDIB overexpression has been observed in breast cancer,
which contributes to tumor cell proliferation (5,9-11). PLU-1/
JARIDIB expression is also increased in bladder and lung
cancers (12). The downregulation of PLU-1/JARIDI1B
expression has been reported to repress cancer cell prolif-
eration via regulating the E2F/RBI1 cell cycle pathway (12).
Roesch et al (13) reported that PLU-1/JARIDI1B could help
characterize a subpopulation of slow-cycling cells in mela-
noma, revealing that PLU-1/JARID1B-positive cells are
essential for continuous growth. Other groups have reported
that KDM5 family members, including PLU-1/JARIDIB,
are highly expressed in embryonic stem cells (14,15).
These results suggest that PLU-1/JARID1B may play a
role in maintaining stem cell properties in melanoma. As a
testis/cancer-related gene with a potential role in stem cells,
PLU-1/JARIDI1B may also contribute to the tumorigenesis
and development of HNSCCs.
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The aim of the present study was to investigate the expres-
sion patterns and explore the functional role of PLU-1/JARID1B
in HNSCCs.

Materials and methods

Patients and tissue. Ninety-nine HNSCC tissue samples were
obtained from the Ninth People's Hospital of the Shanghai Jiao
Tong University School of Medicine. Tissues were obtained
from patients diagnosed with primary HNSCC from 1999 to
2009. Tumor tissues were stained with hematoxylin and eosin
(H&E) and classified histologically. Patients with HNSCC were
staged according to the International Union Against Cancer
TNM classification criteria (5th edition). Three normal oral
mucosa tissues were obtained from the third molar extraction
gingival tissue or palatal epithelial tissues during palatoplasty.
The research protocol was reviewed and approved by the
Institutional Review Board. All of the patients signed written
informed consent in accordance with institutional guidelines.

Immunohistochemistry and evaluation. Tissue sections
were deparaffinized in xylene, rehydrated in graded ethanol,
treated with Tris-ethylene diamine tetraacetic acid buffer
(for PLU-1/JARIDI1B) or citrate buffer (for Ki-67) for antigen
retrieval and quenched in hydrogen peroxide. The tissue
sections were then incubated overnight at 4°C with an anti-
PLU-1/JARIDIB antibody (1:1,000 dilution; Abgent, San
Diego, CA, USA) and 1 h at room temperature with a Ki-67
antibody (1:200 dilution; Shanghai Sunbio Co., Shanghai,
China). The labeling index was defined as the intensity of
staining (0, 1, 2 or 3) multiplied by the percentage of positive
tumor cells (25, 50, 75 or 100%). A pathologist examined 7
to 10 tumor areas in each section to calculate the final scores
(ranging from O to 300). For PLU-1/JARIDIB, scores marked
as 0 were considered negative (negative staining), scores below
100 were marked as weakly positive (mild staining), and
scores between 100 and 300 were marked as strongly posi-
tive (intense staining). For Ki-67, scores >100 were defined as
Ki-67 high, and scores <100 were considered Ki-67 low.

Cell culture. HNSCC cell lines (HN4, HN6, HN12, HN13 and
HN30) were cultured in Dulbecco's modified Eagle's medium
(DMEM; Gibco-BRL, Grand Island, NY, USA) supple-
mented with 10% heat-inactivated fetal bovine serum (FBS;
Gibco-BRL), penicillin (100 U/ml), and streptomycin (100 ug/
ml) at 37°C in a humidified 5% CO, atmosphere. CAL27,
SCC4, SCCY and SCC25 cells (purchased from the American
Type Culture Collection, Manassas, VA, USA) were cultured
in DMEM/F12 medium (Gibco-BRL) supplemented with 10%
heat-inactivated FBS, penicillin (100 U/ml) and streptomycin
(100 pg/ml). Immortalized oral epithelial cells infected
with human papillomavirus type 16-E6/E7 (HPV16E6/E7)
were cultured in a defined keratinocyte serum-free medium
(Gibco-BRL) (16). HIOEC cells, which are immortalized
oral epithelial cells infected with human papillomavirus type
16-E6E7 (HPV16 E6/E7), were cultured in a defined kerati-
nocyte serum-free medium (17). Normal human oral mucosa
tissues were harvested from the area adjacent to the area of
tooth extraction at the Oral and Maxillofacial Surgery Outpa-
tient Clinic. The tissue was incubated with dispase overnight
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to separate the surface epithelium from the underlying fibrous
connective tissue. Then, the epithelium was trypsinized to
prepare a single-cell suspension. Primary normal human oral
mucosa cells were cultured in the keratinocyte serum-free
medium as previously described (18).

PCR and western blot analyses. Real-time PCR reactions
were performed as previously described (19). The following
primers were used to detect PLU-1/JARIDIB and f-actin
mRNA: 5"TCAGTGCAGAGAGCCAGAGA-3' and 5'-ATCG
AGGACACAGCACCTCT-3" and 5'-CCTGGCACCCAGC
ACAAT-3' and 5-GGGCCGGACTCGTCATACT-3', respec-
tively. The AACt method was applied to calculate the
PLU-1/JARIDIB expression levels in the HNSCC cell lines, as
previously described (20). For western blotting, cells were
lysed in radioimmunoprecipitation assay buffer (Sigma-
Aldrich, St. Louis, MO, USA). The lysates were separated by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis.
Primary antibodies against PLU-1/JARIDIB (Proteintech,
Chicago, IL, USA) were used to evaluate protein levels, and
GAPDH or B-actin antibodies (Santa Cruz Biotechnology Inc.,
Santa Cruz, CA, USA) were used to normalize protein loading
as previously described (20).

Generation of stable PLU-1/JARIDIB knockdown cell lines.
Short-hairpin RNA (shRNA) synthetic oligodeoxynucleotides
were cloned into the pLKO.1-puro vector (Sigma-Aldrich)
according to the manufacturer's instructions. The sequences of
the annealed oligonucleotides (against PLU-1/JARIDI1B) were
as follows: sh14760-F, 5'-CCGGTCCTCTCCAAGATGTGG
ATATActcgagTATATCCACATCTTGGAGAGGTTTTTG-3'
and sh14760-R, 5-AATTCAAAAACCTCTCCAAGATGT
GGATATACctcgagTATATCCACATCTTGGAGAGGA-3'"; and
14761-F, 5'-CCGGTCCTGAGGAAGAGGAGTATCTTctcgag
AAGATACTCCTCTTCCTCAGGTTTTTG-3' and 14761-R,
5-AATTCAAAAACCTGAGGAAGAGGAGTATCTTctcgag
AAGATACTCCTCTTCCTCAGGA-3'". Successful cloning
and the orientation of the insert were validated by sequencing
and PCR. PLU-1/JARIDIB-shRNA-containing viral particles
were produced in packaging cells (HEK 293T) after co-trans-
fection with compatible packaging plasmids. Then, viral
particle-infected HN4 and HN13 cells were selected with
puromycin (1.0 g/ml; Gibco) for 2 weeks to obtain stable
PLU-1/JARIDI1B-knockdown cells.

Cell proliferation and colony formation assays. To analyze the
proliferation potential of HN4 and HN13 cells stably expressing
pLKO.1-puro-vector and pLKO.l-puro-PLU-1/JARIDIB-
shRNA, cells were plated in 96-well plates at 1x10° cells/
well and maintained at 37°C in a humidified incubator. At the
indicated time-points (day 1, 3,5, 7,9 and 11), 10 ul of CCK-8
solution (Dojindo Laboratories, Kumamoto, Japan) was added
to the wells and incubated for 1 h, and the absorbance was
measured at 450 nm to calculate the number of viable cells
in each well. Measurements were performed in quadruplicate,
and the mean (standard deviation) optical density was reported.

Briefly, HN4 and HN13 (1x10° cells/plate) cells stably
expressing PLU-1/JARIDIB-shRNAs and pLKO.l-puro-
vector were seeded in a 10-mm plate and cultured in complete
medium with 1 g/ml puromycin for 2 weeks. Cell colonies were
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Figure 1. PLU-1/JARIDI1B is overexpressed in the HNSCC cell lines and patient samples. (A) RT-PCR for PLU-1/JARIDIB mRNA expression in HNSCC cell
lines. (B) Real-time-PCR for PLU-1/JARIDIB mRNA expression in HNSCC cell lines. Results are means + SEM of three independent experiments normal-
ized to normal mucosa sample. (C) Immunohistochemical staining for PLU-1/JARIDI in normal oral mucosa epithelium tissues. (D-F) Immunohistochemical
staining for PLU-1/JARIDIB expression in HNSCC patient samples. Different expression levels of PLU-1 are shown; upper and lower panels show x100 and

x400 magnification, respectively.

visualized by staining with 0.25% crystal violet. After washing,
the number of colonies containing >50 cells were counted.

Cell cycle and apoptosis assays. For cell cycle analysis, cells
in the logarithmic growth phase were collected, and single-
cell suspensions were permeabilized with 70% ethanol. Then,
cells were labeled with propidium iodide (PI) and treated
with RNase at 4°C for 30 min. Apoptosis was assessed using
Annexin V-PI staining without ethanol fixation, and the
stained cells were quantified by flow cytometry using the
Annexin V-FITC apoptosis detection kit (BD Biosciences, San
Jose, CA, USA) according to the manufacturer's protocol (19).

In vivo tumor growth assay. Animal experiments were
reviewed and approved by the Animal Ethics Committee of
the Ninth Hospital, Shanghai Jiaotong University School of
Medicine. Stable PLU-1/JARID1B-knockdown (shRNA no:
sh14761) HN4 cells and stable control (PLKO.1-vector) HN4
cells were trypsinized and suspended in serum-free medium.
Then, 1x107 cells from each group were bilaterally implanted

subcutaneously into four nude mice (the right side received the
control cells and the left side received the PLU-1-knockdown
cells). Twenty days after inoculation, the mice were sacrificed,
and the tumor volume was analyzed using the following
formula: V = (A x B?)/2.

Statistical analysis. The data statistical analyses were
performed using SPSS (standard version 17.0; SPSS Inc.,
Chicago, IL,USA). Real-time PCR analysis results were evalu-
ated using the Mann-Whitney test for two independent groups.
The results of the cell proliferation, colony formation assay,
in vitro cell cycle, and apoptosis assays were evaluated using
Student's t-tests. All tests were two-sided, and a P-value <0.05
was considered to indicate a statistically significant result.

Results
PLU-1/JARIDIB is overexpressed in the HNSCC cell lines.

First, we examined the mRNA expression of PLU-1/JARID1B
in 8 HNSCC cell lines, 1 immortalized oral epithelial cell
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Figure 2. PLU-1/JARIDIB overexpression is associated with high levels of Ki-67. (A) Immunohistochemical staining of PLU-1/JARIDI1B and Ki-67. (B) Case
numbers of PLU-1 and Ki-67 expression levels. (C) Statistical analyses of the correlation between PLU-1 and Ki-67 expression.

line (HIOEC) and normal mucosa epithelium cells. The
PLU-1/JARIDIB transcription levels were higher in the
HNSCCs and immortalized cell lines compared to the level
in the primary cultured oral normal mucosa epithelium cells
(Fig. 1A and B). We analyzed primary tumor tissues from 99
patients with HNSCC. PLU-1/JARIDIB protein was expressed
in 87 (88%) of the tumors; 41 with low levels (scores <100)
and 46 with high levels (scores >100). In contrast, PLU-1/
JARIDIB protein expression was not detected in all 3 normal
oral mucosa epithelium tissues (Fig. 1C-F).

PLU-1/JARIDIB expression is associated with the Ki-67
labeling index. Notably, cells with high PLU-1/JARIDIB
expression were concentrated on the proliferating edge of the
HNSCC tissues, leukoplakia and normal testis tissues (data
not shown). To determine a potential association between
PLU-1/JARIDIB expression and HNSCC cell proliferation,
we analyzed the expression pattern of PLU-1/JARIDIB and
the proliferation marker Ki-67 in a set of 26 HNSCC tissues.
We observed a statistically significant positive association
between PLU-1/JARIDIB expression and Ki-67 indices
[Pearson correlation coefficient (r)=0.6514, P=0.0003] (Fig. 2).

PLU-1/JARIDIB knockdown suppresses cell prolif-
eration in vitro. To determine the potential involvement of
PLU-1/JARIDIB in HNSCC cell proliferation, we generated
stable PLU-1/JARID1B-knockdown HN4 and HNI13 cells
using shRNAs. Among the five shRNAs tested, two mark-
edly downregulated PLU-1/JARIDIB expression levels in

both cell lines (Fig. 3A and B). HN4 and HN13 cells with
reduced PLU-1/JARIDI1B expression exhibited significantly
lower growth compared to the control group (Fig. 3C and D).
Consistent with this result, PLU-1/JARID1B downregula-
tion significantly inhibited the colony formation in the HN4
(P<0.01) and HN13 (P<0.01) cells (Fig. 3E).

PLU-1/JARIDIB downregulation induces G1 arrestin HNSCC
cells. To determine the mechanisms of how PLU-1/JARID1B
downregulation inhibits HNSCC cell growth, we performed
cell cycle analysis in the HN4 cells. FACS analysis revealed
that PLU-1/JARIDIB knockdown caused G1 arrest (P<0.05),
with no changes in the S and G2 phases (P>0.05) (Fig. 4A).
Moreover, the mRNA level of the Gl phase-related gene
CCND2 was downregulated in the PLU-1/JARIDI1B-
knockdown cells, whereas P16™%* was upregulated (Fig. 4B).
These results suggest that PLU-1/JARID1B may facilitate G1
progression by regulating CCND2 and P16™%* expression.

PLU-1/JARIDIB is involved in the regulation of apoptosis.
Annexin V and PI double labeling assays demonstrated that the
number of early apoptotic cells was significantly higher in the
PLU-1/JARIDI1B-knockdown cells compared to the controls
(P<0.05) (Fig. 4C and D). Consistent with this result, western
blot analyses indicated that Bak protein was upregulated,
whereas the anti-apoptotic protein, Bcl-2, was downregulated
in the PLU-1/JARID1B-knockdown cells (Fig. 4E). These data
suggest that PLU-1/JARID1B maintains tumor cell survival by
regulating Bcl family members.
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Figure 3. PLU-1/JARIDI1B knockdown suppresses cell proliferation in vitro. (A and B) Effects of PLU-1/JARID1B stable knockdown in HN4 and HN13 cells.
PLU-1/JARIDIB mRNA was examined using RT-PCR in the HNSCC cell lines. (C and D) Proliferation assays in stable PLU-1/JARID1B-knockdown and
control HN4 and HN13 cells using Cell Counting kit-8 (CCK-8). (E) Colony formation assays in stable PLU-1/JARID1B-knockdown HN4 and HN13 cells.
Results are the means = SEM of three independent experiments. “P<0.05 vs. the control group.
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Figure 5. PLU-1/JARIDIB knockdown suppresses cell growth in vivo. (A) In vivo tumor growth analysis in a nude mouse model. Stable PLU-1/JARIDIB-
knockdown HN4 cells were implanted subcutaneously in nude mice. (B) Tumor size analysis of the control and stable knockdown groups. Results are the
means + SEM of triple measurements. "P<0.05 vs. the control group. (C) Immunohistochemical staining of PLU-1/JARIDIB protein in the xenograft tumors.

PLU-1/JARIDIB knockdown suppresses cell growth in vivo.
Next, we used a nude mouse xenograft model to observe tumor
formation in vivo. Six days after xenograft implantation, tumor
nodes were observed in the control mice (HN4-PLKO.1-vector).
Over 20 days, tumors in the PLU-1/JARID1B-knockdown
group (HN4-sh14761) grew significantly slower in the nude
mice compared to the control group. Thus, PLU-1/JARIDI1B
silencing inhibited in vivo tumor growth (Fig. 5SA and B).
Immunohistochemical staining revealed that PLU-1/JARID1B
protein was widely and strongly expressed in the tumors of the
control group, whereas weak PLU-1/JARID1B expression was
observed in the tumors of the PLU-1/JARID1B-knockdown
group (Fig. 5C). These results suggest that PLU-1/JARID1B
knockdown inhibited HNSCC growth in a subcutaneous xeno-
graft nude mouse model.

Discussion

PLU-1/JARIDIB is expressed in breast cancers but not in
normal adult tissues at both the mRNA and protein levels (21).
In the present study, we showed that PLU-1/JARIDIB was
highly expressed in all of the HNSCC cell lines tested as well
as an immortalized oral epithelial cell line but not in primary
cultured oral normal mucosa cells.

Lu et al (7) reported that PLU-1/JARIDI1B is only expressed
in the adult testis and cancer tissues. We confirmed this finding
in different cancer tissues and normal testis samples (data not
shown), suggesting that PLU-1/JARIDIB is a cancer/testis
antigen. The aberrant expression of cancer/testis antigens is
correlated with DNA promoter methylation status in different
types of cancers (22,23). In the present study, we observed that
several transcription factors might bind to the PLU-1/JARID1B
promoter and regulate its transcriptional activity, but further
studies are needed to confirm this observation. Since the
PLU-1/JARIDIB promoter is GC rich, we hypothesized that
promoter hypermethylation may block the binding of these
transcription factors to DNA promoters in HNSCC, leading
to the abnormal expression of PLU-1/JARIDIB (24-26).

Similar to other cancer/testis antigens, such as MAGE, BAGE
and GAGE, systemic PLU-1/JARIDIB knockout led to early
embryonic lethality in mice (9). Given the similarities between
embryonic stem cells and cancer stem cells, it is possible that
PLU-1/JARIDIB may play a role in HNSCC progression and
could serve as a diagnostic biomarker. Further studies are
warranted to determine the stem cell-related properties of
PLU-1/JARID1B.

The Ki-67 labeling index has been linked to cancer
cell proliferation and poor clinical outcomes in HNSCC
patients (27-29). We observed a positive association between
PLU-1/JARIDIB expression and Ki-67 labeling in HNSCC
tissues. Unfortunately, the small sample size and incomplete
follow-up data from the patient cohort prevented us from
drawing a definitive conclusion for the potential associations
between PLU-1/JARIDIB expression and clinical parameters.

Roesch et al (13) reported that the expression pattern of
PLU-1/JARIDIB in HNSCC was quite different from the
expression pattern in melanomas. They explained that this
observation was because PLU-1/JARIDIB is highly expressed
in differentiated carcinoma cells, and epithelial carcinomas
generally harbor more differentiated cells than melanomas.
They concluded that PLU-1/JARIDI1B could be used as a
biomarker for characterizing a subpopulation of slow-cycling
melanoma cells. They also found that PLU-1/JARIDIB
knockdown initially accelerated tumor growth in melanoma
cells, similar to the proliferative role of PLU-1/JARIDIB
protein observed in the present study. Thus, the potential
cancer stem cell property of PLU-1/JARIDIB warrants
investigation, as it may represent another significant role for
PLU-1/JARIDIB in HNSCC progression. Researchers reported
that PLU-1/JARIDI1B knockdown upregulated HOXAS (5),
which could induce p53 expression and promote apoptosis in
breast cancer cells (30). In our PLU-1/JARID1B-knockdown
HNSCC cells, Bcl-2 family members were regulated in
response to decreased PLU-1/JARIDIB expression.

In conclusion, PLU-1/JARIDIB is overexpressed
in HNSCCs and is associated with tumor proliferation.
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PLU-1/JARIDIB knockdown induces tumor apoptosis by
suppressing Bcl-2 family members. The mechanism under-
lying how these proteins are regulated by histone demethylases
need to be studied in the future.
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