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Abstract

Head and neck squamous cell carcinoma persists as one of the most common and deadly
malignancies, with early detection and effective treatment still posing formidable challenges. To
expand our currently sparse knowledge of the non-coding alterations involved in the disease and
identify potential biomarkers and therapeutic targets, we globally profiled the dysregulation of
small nucleolar and long non-coding RNAs in head and neck tumors. Using next-generation
RNA-sequencing data from 40 pairs of tumor and matched normal tissues, we found 2,808 long
non-coding RNA (IncRNA) transcripts significantly differentially expressed by afold change
magnitude > 2. Meanwhile, RNA-sequencing analysis of 31 tumor-normal pairsyielded 33
significantly dysregulated small nucleolar RNAs (snoRNA). In particular, we identified 2
dramatically downregulated INcRNAs and 1 downregulated snoRNA whose expression levels
correlated significantly with overall patient survival, suggesting their functional significance and
clinical relevance in head and neck cancer pathogenesis. We confirmed the dysregulation of
these non-coding RNAs in head and neck cancer cell lines derived from different anatomic sites,
and determined that ectopic expression of the 2 IncRNAs inhibited key EMT and stem cell genes
and reduced cellular proliferation and migration. As awhole, non-coding RNASs are pervasively
dysregulated in head and squamous cell carcinoma. The precise molecular roles of the three
transcripts identified warrants further characterization, but our data suggest that they are likely to
play substantial rolesin head and neck cancer pathogenesis and are significantly associated with

patient survival.
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I ntroduction

Head and neck squamous cell carcinoma (HNSCC) isthe sixth leading cancer by incidence
worldwide (Ferlay et a. 2010). Despite advances in treatment and increased knowledge about
underlying genetic and environmental risk factors behind the disease, the five-year survival rate
for HNSCC has persisted at 50% for more than three decades, with most cases remaining
undiagnosed until metastasis (Nemunaitis and O'Brien 2002). A deeper understanding of the
drivers and mechanisms behind HNSCC pathogenesis, as well as continued identification of
candidate biomarkers and prognostic factors, is necessary to inform better diagnostic and

therapeutic strategies.

While a number of gene mutations and their impacts on signaling pathways have been implicated
in HNSCC onset and progression, there still remains much to be elucidated about the role that
perturbations in the non-coding genome may play in these processes. Non-coding RNAs
(ncRNAS) have been increasingly viewed as key playersin human disease, with recent studies
establishing their involvement in gene regulation, cell differentiation, self-renewal, and cell
proliferation, among other pivotal functions, as well as their dysregulation in many cancers
(Esteller 2011). Existing studies of their rolesin HNSCC, however, have primarily focused on
profiling microRNAS (Avissar et a. 2009; Childs et al. 2009; Ramdas et al. 2009; Hui et al.
2010), aclass of small (~22 nt) and relatively well-documented ncRNASs that comprise but a

fraction of the non-coding transcriptome (Esteller 2011).

In contrast, long non-coding RNAs (IncRNAS), transcripts exceeding 200 nt in length, are

encoded by alarge proportion of the so-called “dark matter” of the human genome (Mercer et al.
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2009; Kapranov et al. 2010). While avast majority of INcRNASs remain functionally
uncharacterized, the few that are have been linked to arange of biological processes, including
chromatin modification, regulation of transcription factors, mMRNA processing and degradation,
and even cell-cell signaling (Geisler and Coller 2013). Furthermore, studies suggest that their
expression patterns are even more tissue-specific than those of protein-coding genes (Cabili et al.
2011) and that they are involved in pivotal tumor suppressive and oncogenic pathways. Increased
expression of the IncRNA HOTAIR in primary breast tumors, for instance, was shown to strongly
correlate with metastasis and death (Gupta et al. 2010), with ssimilar upregulation and prognostic
significance observed in a number of other cancers, including non-small cell lung cancer and
pancreatic cancer (Zhang et al. 2014). Similarly, overexpression of the IncRNA MALAT-1 has
been linked to hepatocellular carcinoma and metastasisin small-cell lung cancer (Lin et al.
2007). Severa studies of these well-characterized INCRNAs in HNSCC have revealed promising
associations as well, with HOTAIR, MEG-3, MALAT-1, and NEAT-1 each exhibiting
dysregulation and/or prognostic significance in several subtypes of HNSCC (Fang et al. 2014,
Feng et al. 2012, Li et al. 2013, Tang et a. 2013, Yang and Deng 2014). Additionally, GAS5
(growth arrest specific transcript 5) has been linked to low expression and poor prognosisin
HNSCC (Gee et al. 2011), and most recently, Shen et a. reported the dysregulation of two
relatively uncharacterized transcripts, AC026166.2 and RP11-169D4.1, in LSCCs using
microarray and gRT-PCR expression profiling (Shen et al. 2014). However, aside from these
investigations involving mostly known, cancer-associated InNCRNAS, the dysregulation and

functional significance of IncRNAs in HNSCC has remained largely uncharacterized.

Similarly, small nucleolar RNAs (snoRNAS), which are components of small nucleolar

ribonucleoproteins (snoRNPs) and intermediate in length (60-300 nt) (Esteller 2011; Williams
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and Farzaneh 2012), are also emerging as potential playersin the development of cancer. As
facilitators of the methylation and pseudouridylation of rRNA and other post-transcriptional
modificationsinvolved in ribosome production (Esteller 2011), snoRNAs were long considered
to be merely housekeeping RNAs. Studies, however, have increasingly implicated snoRNA
dysregulation as a potential determinant of cell fate and a driver of oncogenesis. Drastic
downregulation of human S5 snoRNA genes was observed between meningiomas and normal
brain tissue (Chang et al. 2002), while a panel of six snoRNAs was found to be overexpressed in
non-small cell lung cancer (Liao et al. 2010). More recent studies have revealed that a germline
homozygous deletion of 2 base pairs in the snoRNA U50 gene was significantly linked to
prostate cancer development, and that a heterozygous genotype for the same deletion, both
somatically and in germline, was frequently observed in breast cancers (Dong et al. 2009). The
identification of dysregulated snoRNAS in multiple cancer types thus far suggests that promising

associations between snoRNAs and HNSCC pathogenesis may exist as well.

In our study, we aimed to profile the global expression patterns and dysregulation of INCRNAs
and snoRNAsin HNSCC by utilizing RNA-sequencing (RNA-seq)), a next-generation deep
seguencing technology that captures the transcriptional landscape of the human genome through
reverse transcription of isolated RNA and high-throughput sequencing of the resulting cDNA.
By comparing the RNA-seq profiles of INncCRNA and snoRNA expression levelsin 40 primary
HNSCC tumors with those of their matched normal counterparts, we generated a panel of
differentially expressed ncRNAs and further characterized selected candidates to gauge the

extent of their dysregulation and their functional relevance in HNSCC.
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Results

Analysisof primary tumor and matched normal RNA-seq datasets uncover s widespread
dysregulation of IncRNAsand snoRNAsin HNSCC

To identify HNSCC-associated IncRNAS, we searched for alterationsin their expression using
RNA-seq data from 40 patientsin The Cancer Genome Atlas (TCGA) repository (Table 1a,
Additional File 8a). For each of these patients, raw sequence data of both the primary HNSCC
tumor and matched adjacent normal tissue were available. To profile INCRNA expression levels,
we mapped each RNA-seq library to areference annotation of 32,108 human IncRNAs. Using
the R/Bioconductor package edgeR, we filtered and normalized the read count data and
compared INcRNA expression, in the form of counts-per-million (cpm), between HNSCC and
normal samples. From the 12,407 consistently detected IncRNA transcripts and isoforms, atotal
of 7,120 differentially expressed IncRNAs (FDR < 0.05) were identified between the HNSCC
and adjacent normal tissues (Figure 1). Among these, 2,808 transcripts were differentially
expressed by at least +2-fold (FDR < 0.05), ranging from Inc-LCESA-1, with predicted
downregulation of approximately 112-fold in HNSCC, to Inc-BCHE with predicted upregulation
of approximately 58-fold in HNSCC. Further filtering yielded 222 IncRNA transcripts

differentially expressed by at least +8 fold (FDR < 0.0001) (Figure 2, Additional File 1).

To explore the dysregulation of snoRNAsin HNSCC, we obtained the expression profiles of 325
snoRNAs in 31 HNSCC samples and their matched adjacent normal tissues from The Cancer
Genome Atlas (TCGA) (Table 1b, Additional File 8b). We normalized the snoRNA read count
datain edgeR and compared snoRNA expression, in the form of cpm, between the HNSCC and

normal samples. In total, 33 differentially expressed snoRNAs (FDR < 0.05) were identified
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between the HNSCC and matched normal tissues, ranging from SNORD116-20 with predicted
downregulation of more than 4-fold in HNSCC to SNORDG60 with predicted upregulation of

about 3-fold in HNSCC (Figure 3, Additional File 2).

Known, cancer-associated INCRNAsin HNSCC and stratification of INncRNA dysregulation
by HNSCC anatomic site

GASS (growth arrest specific transcript 5), alIncRNA downregulated in breast cancers and shown
to induce apoptosis (M ourtada-Maarabouni et al. 2009), was recently implicated in HNSCCs as
well (Gee et al. 2011). While we found GAS5 downregulation in HNSCC to be statistically
significant, with 29 splice isoforms of the InNcRNA appearing in our original panel of 7,120
differentially expressed IncRNA transcripts, the difference in GASS expression levels between
HNSCC and normal tissues was determined to be less than 2-fold with p > 0.0001, so we did not
identify GASD as a candidate for further study (Additional File 3). MEG-3 (maternally expressed
gene 3), atumor suppressor INcRNA implicated in p53 activation (Zhang et al. 2010), was also
downregulated in HNSCCs by less than 2-fold, p > 0.0001 (Additional File 3). We observed no
significant dysregulation of many other INCRNAS previously linked to cancers, including

HOTAIR, MALAT-1, ANRIL, NEAT-1, and UCA-1, in our overall cohort.

To investigate possible heterogeneity in INcCRNA expression among different HNSCC tumor
sites, we stratified our patients by anatomic subdivision (Table 1a) and performed tumor vs.
paired normal differential expression analysis on each subcohort using edgeR. Among our 15
patients presenting oral squamous cell carcinoma, 777 InCRNA transcripts were differentially
expressed by at least +4-fold (p < 0.0001). Notably, we found that HOTAIR was significantly

upregulated and numerous splice isoforms of MEG-3 and GASS were downregulated in primary
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tumors (Additional File 4a). Meanwhile, analysis of the 13 tongue squamous cell carcinoma
pairsyielded 1,020 IncRNA transcripts dysregulated by > 4-fold in magnitude (p < 0.0001), with
downregulation observed in GASS (Additional File4b). Finally, in our 11 tumor-normal
laryngeal squamous cell carcinoma (LSCC) paired samples, we found 657 IncRNA transcripts
deregulated by at least +4-fold. While none of the aforementioned well-documented IncRNAs
were determined to be dysregulated in LSCC, we did observe slight downregulation of RP11-
169D4.1 (Additional File 4c), alncRNA recently associated with survival in LSCC patients

(Shen et al. 2014).

Univariate and multivariate analyses reveal 2 IncRNAsand 1 snoRNA significantly
associated with HNSCC patient outcome

We next examined the relationship between the expression levels of selected ncRNAsin HNSCC
patients and overall survival in order to determine which IncRNAs and snoRNAs could
potentially be of functional significance in HNSCC pathogenesis. We measured the expression
levels of the 30 most significantly dysregulated IncRNAs in an additional 45 randomly selected
HNSCC RNA-seq datasets from TCGA, doubling the size of our cohort (n = 85), and modeled
INcRNA expression level as a binary variable, with the “low” group corresponding to the 50% of
HNSCC patients with relative low expression of the IncRNA, and “high” corresponding to the
50% of HNSCC patients exhibiting relative high expression of the IncRNA. Low expression of 2
IncRNAs that RNA-seq analysis identified as dramatically downregulated in HNSCC, Inc-
LCE5A-1 and Inc-KCTD6-3 (Table 2), corrdated with poor survival under univariate Kaplan-
Meier analysis, with a Cox regression model also yielding significant results (Inc-LCESA-1: p =
0.048, Hazard Ratio (HR) = 1.65; Inc-KCTD6-3: p = 0.032, HR = 1.73) (Figure 4a-b). We

obtained snoRNA expression profiles from an additional 99 randomly selected HNSCC tumors
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from TCGA, resulting in acohort of size of n = 130. Univariate analysis revealed that lower
expression of SNORD35B (U35B), a snoRNA downregulated in HNSCC, served as an adverse
prognostic factor for survival, with Cox regression analysis also finding significant correlation (p

=0.009, HR = 1.94) (Figure 4c).

We then performed multivariate analysis for Inc-LCE5A-1, Inc-KCTD6-3, and SNORD35B and
found that expression of these 3 non-coding RNAS operated as prognostic factors independent of
established clinical risk factors, including pathologic stage and tumor grade, among other patient
characteristics (Table 3). To eliminate age as a confounding variable in patient survival and
NcRNA expression level, we conducted a secondary analysis excluding patients > 85 years of
age. Additionally, we modeled patient age as both a continuous and binary covariate (< or >= 75
years) in order to capture nonlinear associations between patient age and survival. Under this
analysis, we found that high vs. low expression of all three ncRNASs remained a significant

independent predictor of patient outcomes (Additional File5).

Transcript characterization and cover age mapping of survival-associated ncRNAS
Visualization of both IncRNAs in the Ensembl genome browser revealed their antisense overlap
with protein-coding regions, while SNORD35B was found to be encoded in an intron of RPS11
(Figure5). To confirm that the mapped reads spanned the entirety of our identified InNcRNAS, we
plotted the average per-base coverage of each exon in the IncRNAs (Additional File 6a-b). We
also compared the sequences and locations of SNORD35B and its paralog, SNORD35A

(Additional File 6c).

In-vitro verification of survival-associated ncRNAS
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To verify the dysregulation of Inc-LCE5A-1, Inc-KCTD6-3, and SNORD35B, we examined their
relative expression in two normal oral epithelial cell lines (OKF4 and OKF6) compared to five
established HNSCC cdll lines (UM SCC-10B, UM SCC-22B, HN-1, HN-12, and HN-30) using
real-time gRT-PCR (quantitative reverse transcriptase PCR). We found that the three ncRNAs
were nearly exclusively downregulated in the HNSCC cell lines, although Inc-LCE5A-1 and Inc-
KCTD6-3 were both downregulated to a lesser extent than predicted by RNA-seq analysis of the

patient sequence data (Figure 6).

Overexpression of Inc-LCES5A-1 and Inc-KCTD6-3 in HNSCC cell lines decr eases stem cell
and EMT gene expression and reduces migration and proliferation

To explore the functional significance of our 2 HNSCC-dysregulated IncRNAS, we first
examined their relationship with established epithelial-mesenchymal transition (EMT) and
cancer stem cell (CSC) genes. We transfected Inc-LCESA-1 and Inc-KCTD6-3 expression
plasmids into HNSCC cdll lines and measured their overexpression using gRT-PCR (Additional
File 7). Ectopic expression of Inc-LCE5SA-1 increased the expression of CDH-1 (E-cadherin) in
HNSCC cdlls, while decreasing the expression of OCT-4, NANOG, and VIM (Vimentin) (Figure
74). Meanwhile, overexpression of Inc-KCTD6-3 reduced the expression of NANOG, BMI,

TWIST, and VIM in HNSCC céll lines (Figure 7b).

Because the expression of EM T-related genes was consistently altered in INcRNA-transfected
cells, we examined whether these INcCRNASs could inhibit cell migration, akey component of the
EMT phenotype, using wound healing migration assays. Over a 24-hour period, we observed
markedly reduced migration of Inc-LCE5A-1 and Inc-KCTD6-3-transfected HNSCC cells as

compared to vector-transfected controls (Figure 8).
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Additionally, to investigate the effects of both IncRNAs on cell proliferation, we performed an
MTS assay on Inc-LCE5A-1 and Inc-KCTD6-3-transfected HNSCC cell lines. Both IncRNAs led

to areduction in proliferation of at least 25% over 3 days (Figure 9).

Discussion

The molecular basis of HNSCC has largely been studied in the context of environmental risk
factors and predispositions in the protein-coding genome. Despite extensive research and
advances in HNSCC treatment, there exists a paucity of biomarkers for early detection and few
targetable gene mutations, and survival rates for the disease have shown little improvement
(Agrawal et al. 2011). Meanwhile, much remains to be characterized regarding the epigenetic
and transcriptomic landscapes of HNSCC; their alterations and functional roles may help shape a

new generation of HNSCC diagnostic and therapeutic strategies.

To our knowledge, thisisthe first study utilizing next-generation sequencing to globally
profilethe dysregulation of INCRNAs and snoRNAsin HNSCC. We first compiled and compared
the expression patterns of 32,108 IncRNA transcriptsin HNSCC and adjacent normal tissues.
Among the 12,407 IncRNA transcripts cons stently detected in these samples, nearly one-fourth
(2,808) were significantly differentially expressed in HNSCC by afold change of > 2, with 222
transcripts differentially expressed by 8-fold or more. We also compared the expression profiles
of 325 snoRNAs in 31 HNSCC and matched normal tissues, and of the 135 snoRNAS expressed,
about one-fifth (33) were significantly dysregulated in HNSCC. Such a sizeable volume and
magnitude of dysregulation in both INcRNAs and snoRNAS, coupled with existing findings

regarding the differential expression of various microRNASs (Avissar et a. 2009; Childs et al.
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2009; Ramdas et al. 2009; Hui et a. 2010) and well-documented IncRNASs (Y ang and Deng
2014), suggests that aberrations associated with the non-coding transcriptome are pervasive in
HNSCC and if functionally characterized, may substantially expand our knowledge about the

epigenetic mechanisms and regulatory alterations involved in HNSCC pathogenesis.

Previous studies on IncRNAs in HNSCC have primarily taken place in the context of known
cancer-associated transcripts. Multiple isoforms of GASS and MEG-3, IncRNAS previously
implicated in HNSCCs (Gee et al. 2011, Tang et al. 2013), were found to be differentially
expressed in our cohort, but with small fold change magnitudes. Several other known cancer-
associated INcRNAs have also been implicated in HNSCCs, but most are only limited to tumors
arising in certain anatomic sites. HOTAIR, for instance, showed elevated expression in
nasopharyngeal, laryngeal, and oral squamous cell carcinomas, but did not exhibit significant
upregulation in tongue squamous cell carcinomas, smilarly, NEAT-1, MALAT-1, and UCA-1
were inconsi stently dysregulated among laryngeal, oral, and tongue squamous cell carcinomas
(Yang and Deng 2014). Our primary study profiled ncRNA dysregulation independently of
HNSCC anatomic subdivision, with samples originating from multiple tumor sites. We failed to
identify HOTAIR, NEAT-1, UCA-1 or MALAT-1, among several other cancer-associated
INcRNAS, as differentially expressed across our cohort, suggesting a degree of consistency with

previous findings.

A number of studies have identified molecular distinctions among HNSCCs of varying anatomic
origin (Belbin et al. 2008, Kokko et a. 2011, Lleras et al. 2013, Rodrigo et al. 2001). CD44
expression, for instance, was found to be predictive of five-year survival in primary pharyngeal

and laryngeal tumors, but not in tumors arising in the oral cavity (Kokko et al. 2011).
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Meanwhile, genome-wide methylation profiling revealed unique DNA methylation signatures
associated with different HNSCC anatomic sites (Lleras et al. 2013). Given the tissue specificity
of IncRNAs and their prolific involvement in many aspects of genomic and transcriptional
regulation (Cabili et al. 2011), changes in INCRNA expression may contribute to the emergence

of site-specific characteristicsin HNSCC.

To further study anatomic site-specific INCRNA expression and dysregulation, we stratified our
patients by primary tumor site (oral, tongue, and laryngeal) and performed differential expression
analysis on each subcohort. We found significant dysregulation of HOTAIR and MEG-3 in oral
squamous cell carcinomas, consistent with aprior study by Tang et a. (Tang et al. 2013);
however, in contrast with their report, we observed no significant dysregulation of NEAT-1 or
UCA-1. We aso found no significant overexpression of UCA-1 in our 13 patients with tongue
squamous cell carcinoma (TSCC), although its dysregulation was previously reported by Fang et
al. (Fang et al. 2014). In accordance with Fang et al., however, we failed to implicate HOTAIR,
NEAT-1, MALAT-1, MEG-3, or HULC asdifferentially expressed in TSCC. Finaly, in our 11
laryngeal squamous cell carcinomas (L SCC), we observed moderate downregulation of RP11-
169D4.1, atranscript recently associated with LSCC patient survival (Shen et al. 2014), yet
found no significant dysregulation of HOTAIR, MALAT-1, or AC026166.2, although all three
IncRNAs were previously implicated in LSCCs (Yang and Deng 2014, Shen et al. 2014). These
discrepancies regarding the dysregulation of InNcRNAs in various HNSCC anatomic sites merit
further investigation; larger patient cohorts or multi-center studies, aswell as more uniform,
next-generation expression profiling approaches, may play important roles in resolving such
differences. The 2 InNcRNAs we identify here, however, consistently appear among the most

downregulated transcriptsin all three anatomic sites (Additional File 4). Taken together, these
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preliminary analyses suggest that thereis a high likelihood of heterogeneity among the non-
coding pathways altered in HNSCCs arising from different anatomic sites, but that the
dysregulation of certain INcRNAs may still persist as unifying features in HNSCC development

and progression.

We also conducted our study independently of patients HPV status and tobacco and/or alcohol
consumption, even though these factors have been shown to produce distinctionsin HNSCC
gene and microRNA signatures and prompt different modes of clinical management (Hui et al.
2010; Agrawal et al. 2011; Stransky et al. 2011). The fact that most existing and well-
characterized genes, microRNAs, and IncRNAs are of limited applicability in explaining the
pathogenesis of HNSCC as a whole further underscores the importance of identifying alternative
dysregulated ncRNAS as biomarkers or prognostic indicatorsin HNSCC, and determining, in

turn, their molecular rolesin HNSCC pathogenesis.

Using RNA-seg, we were able to quantify the expression levels of not only known, cancer-
associated IncRNAS, but also those of previously uncharacterized IncRNA transcripts. Despite
evidence of key variations at the molecular level distinguishing certain HNSCC subtypes, we
were able to identify universal alterations in the transcriptomic landscape of HNSCC that
occurred regardless of the roles of environmental factors or anatomic sitesin HNSCC etiology.
To identify IncRNAs and snoRNAs with the greatest potential functional significance, we
examined the correlation between the expression levels of our candidate transcriptsin HNSCC
patients and these patients' overall survival using univariate and multivariate Cox regression
analyses, identifying 2 IncRNAS, Inc-LCE5A-1 and Inc-KCTD6-3, and 1 snoRNA, SNORD35B,

whose low expression in HNSCC tumors was significantly associated with poor survival. We are
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the first to associate these two IncCRNASs with disease, as well as the first to implicate snoRNAs

as both widely dysregulated and prognostically significant in HNSCC.

We verified the dysregulation of these three transcripts in-vitro by comparing their expression
levelsin normal oral epithelial cell lines with thosein HNSCC céll lines. We did find that the
fold changes of these ncRNAs between HNSCC and normal cell lines were inconsistent with
those predicted by the RNA-seq patient data analysis, with Inc-LCE5A-1 and Inc-KCTD6-3
exhibiting a significantly more moderate degree of dysregulation than indicated by the clinical
data. Such adisparity may be attributed to the fact that the cell lines were not matched samples,
furthermore, dramatically reduced differences in endogenous IncRNA expression between
normal and cancerous cell lines appears to be afeature in other INCRNA studies aswell (Gupta et

al. 2010).

We next investigated the functional significance of Inc-LCE5A-1 and Inc-KCTDG6-3 in terms of
their effectson EMT and cancer stem cell (CSC) characteristics. Enforced expression of the
INcRNAs in HNSCC cell lines led to downregulation of CSC- and EM T-inducing genes, with
Inc-LCESA-1 promoting the upregulation of key EM T-inhibitor CDH-1 (E-cadherin) as well.
Inc-LCES5A-1 and Inc-KCTD6-3-transfected cells also exhibited notably reduced rates of cellular
migration and proliferation, further indicating that these INcRNAs may play significant rolesin

inhibiting EMT and stem cell-like phenotypes.

The association of both INcRNAswith EMT and CSC signatures underscores the importance and
potential clinical significance of the EMT-CSC model of tumorigenesis and disease progression

in HNSCC. Because EMT induction leads to the acquisition of invasive and migratory
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capabilitiesin cancer cells and promotes the formation of tumor-initiating, self-renewing CSCs
(Reyaet al. 2001, Singh and Settleman 2010), its potential regulation by Inc-LCE5A-1 and Inc-
KCTD6-3 may account for the reduced survival observed among patients expressing low levels
of these InNcRNAS. Further characterization of the nature and mechanism behind Inc-LCESA-1
and Inc-KCTD6-3 modulation of EMT and CSC characteristics may establish these INCRNASs as
promising targets of HNSCC therapies intending to diminishing risks of recurrence and

metastasis.

While we assessed the roles of these INCRNASs in terms of their impact on well-established
tumorigenic pathways, the cis-antisense orientation of both IncRNAs with protein-coding genes
isintriguing and may contribute to the functional scope of these INcRNAs aswell. CRNN (also
known as C1orf10) overlaps theintron of Inc-LCE5A-1 (Figure 5a) and encodes the protein
cornulin, which is expressed in the upper cell layers of differentiated squamous tissues and
linked to epithelial differentiation (Contzler et al. 2005). Low expression of CRNN has been
observed in esophageal and oral squamous cell carcinomas and implicated in cell proliferation
(Imai et al. 2005; Luthra et al. 2007). Because antisense intersections of INCRNAs and mRNAs
may influence expression of the latter (Guil and Esteller 2012), further studies on the association
in expression between Inc-LCESA-1 and CRNN, as well as characterization of the possible

molecular mechanisms behind such a relationship, may be valuable.

Similarly, Inc-KCTD6-3 exhibits an antisense overlap with introns of FAM107A (Figure 5b), a
gene found to exhibit low or complete loss of expression in anumber of cancers, including renal
cell, non-small cell lung, and prostate cancers, as well as astrocytomas, while studies of enforced

expression of FAM107A show that it inhibits cell proliferation and promotes apoptosis (Y amato
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et a. 1999). Additionally, Inc-KCTD6-3 overlaps FAM3D, agene observed to be upregulated in
the bloodstream of colon cancer patients that has been proposed as a potential biomarker for
early detection (Solmi et al. 2004). Investigation of the cis-regulatory potential of Inc-KCTD6-3

with respect to FAM107A and FAM3D may prove fruitful aswell.

Meanwhile, SNORD35B, abox C/D snoRNA thought to mediate the 2'-O-methylation of 28S
ribosomal RNA (residue C4506)(Nicoloso et al. 1996, Lestrade and Weber 2006), islocated in
an intronic region and co-transcribed with host gene RPS11 (Figure 5¢). While the role of the
RPSL1 in cancer is unknown, Nadano et al. reported aberrant expression of the ribosomal protein
S1linapand of cancer cel lines. Intriguingly, these differencesin S11 expression were not
shown to affect ribosomal biogenesis or protein composition (Nadano et al. 2000), prompting
speculation of anon-ribosomal function for S11, and in turn, RPS11 and its intronic SnoRNA.
Many snoRNAs, including previously disease-associated SnoRNAS, are intronically oriented;
nine box C/D snoRNAs, for instance, are encoded in the introns of INCRNA GAS5 and were
implicated as possible factors in oncogenesis as well due to their low expression and correlation
with survival in breast carcinomas (Gee et al. 2011). Additionally, four box C/D snoRNAS,
SNORD32A, SNORD33, SNORD34, and SNORD35A , are located in the introns of RPL13A, a
component of the 60s ribosomal subunit protein (Michel et a. 2011). Interestingly, acell line
with reduced expression of these snoRNAs did not result in differential methylation of ribosomal
RNAs as predicted, but linked downregulation of the sSnoRNAS to increased resistance to

lipotoxicity and regulation of metabolic stress pathways (Michel et al. 2011).

Like SNORD35B, SNORD35A was also predicted to facilitate methylation of 28SrRNA in terms

of canonical snoRNA function, and we found it to be significantly downregulated in HNSCCs as
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well (Additional File 2). These parallels suggest that SNORD35B, as a trans-duplicated paralog

of SNORD35A with sequence and structural similarity (Additional File 6), may similarly assume
arepertoire of non-nucleolar or non-ribosomal functions. Functional analysis of both paralogsin
the context of cancer would therefore be valuable, and could further cement snoRNASs as anovel

and potentially fruitful source of insight into HNSCC pathogenesis.

Conclusions

Our findings suggest that dysregulation of the non-coding transcriptome in HNSCC is both
extensive and enormously complex. In particular, we have identified three transcripts whose
expression levels correate significantly to patient survival, including two novel INCcRNAs that
confer atumor suppressive phenotype. Although further characterization of their molecular
mechanisms remains necessary, these ncRNAs may play functionally vital rolesin HNSCC
pathogenesis. Taken as awhole, our findings demonstrate that RNA-seq transcriptome profiling
on matched tumor and normal pairs generates novel insightsinto cancer biology, resulting in the
implication of many previously uncharacterized elementsin HNSCC pathogenesis and also

yielding findings that may be applicable to other malignancies.

M ethods

IncRNA Expression Profiling:

RNA-seq libraries were obtained from The Cancer Genome Atlas (TCGA) (https://tcga-
data.nci.nih.gov/tcgal), which contained 40 patients with either RNASeq or RNASeqv2 data for
HNSCCs (arising in the oral cavity, tongue, or larynx) and their adjacent normal tissue samples

(TCGA IDsin Additional File 8). For each of these datasets, sequence reads had been aligned
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using the BWA algorithm (http://bio-bwa.sourceforge.net/, default parameters) to areference
transcript database derived from hgl9 (UCSC).

A BED annotation file containing 32,108 human INcCRNA transcripts and splice isoforms was
downloaded from LNCipedia (Volders et al. 2013), a database curating INCRNA structures and
seguences from multiple sources, including the IncRNAdb, Broad Institute, Ensembl, Gencode,
and NONCODE. The BEDtools utility coverageBed (Quinlan and Hall 2010) was used to
generate INcCRNA expression values in the form of integer read counts for each dataset by
computing the number of alignments from each library that overlapped each IncRNA feature
given by the annotation file.

SnoRNA Expression Profiling:

RNAseqv2-generated expression profiles of known snoRNAs were available in TCGA for 31
HNSCCs (arising in the oral cavity, tongue, or larynx) and their adjacent normal tissues (TCGA
IDsin Additional File 8). sSnoRNA expression valuesin the form of integer read counts were
obtained for each dataset.

INcRNA and snoRNA Differential Expression Analyss:

Using the R/Bioconductor software package edgeR

(http://www.bioconductor.org/packages/rel ease/bi oc/html/edgeR.html), differential expression
analysis was performed on the IncRNA and snoRNA read count data produced for the HNSCC
and normal sample pairs. IncRNAs and snoRNAs with very low expression (counts per million <
1 for more than one-half of the samples) were excluded from the analysis. Recal culation and
accounting for differences between sample library sizes was accomplished by using trimmed
mean of M-values (TMM) to compute normalization factors.

To accommodate the paired nature of the experimental designs, the negative binomial

generalized linear model (GLM) functionality in edgeR, along with Cox-Reid dispersion
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estimates, was employed. These methods have demonstrated success in assessing differential
expression in multi-factor experiments while appropriately accounting for biological and
technical variation (McCarthy et al. 2012). IncRNAs and snoRNAs whose fold changes were
found to vary between HNSCC and paired normal samples by a fold change magnitude greater
than 1 and whose false discovery rates (FDR) fell below 0.05 were identified by edgeR to be
differentially expressed. To form a more selective pandl of IncRNAs for further analysis,
filtering of the edgeR INcRNAs was performed based on the following criteria: [HNSCC/Normal |
> 8-fold change and FDR < 0.0001, yielding 222 IncRNAs of interest. All 33 snoRNASs
determined by edgeR to be differentially expressed were retained as candidates.

INcRNA and snoRNA Survival Analysis:

INcRNA expression was profiled (according to the procedure above) for an additional 45
randomly selected HNSCC TCGA datasets, doubling the size of our cohort (n = 85), while 100
additional randomly selected RNASeq-generated sSnoRNA expression profiles were obtained
from TCGA, resulting in a cohort size of 130. All data regarding patient survival, demographics,
and clinicopathological characteristics was obtained from TCGA. For both univariate and
multivariate analyses, we modeled INcCRNA and snoRNA expression level as abinary variable,
with the “low” group corresponding to the one-half of HNSCC patients exhibiting relative low
expression of the ncRNA, and “high” corresponding to the other half of the HNSCC patients
with relative high expression of the ncRNA. For multivariate Cox analysis, patient age was
modeled as a continuous variable, and clinical stage and pathologic stage were treated as
categorical variables (with Stage | set as the reference). Gender (male vs. female) and tumor
grade (G3-G4 vs. G1-G2) were modeled as binary variables. Patients with incomplete or
unavailable datain any of these categories were excluded from the multivariate analysis,

resulting in cohort sizes of 75 for the INcRNA analyses and 109 for the snoRNA analysis (TCGA



Zou 21

IDs used listed in Additional File 9). The Statsoft software STATISTICA was used for survival
models.

Cell Linesand Cell Culture:

The two non-cancerous oral epithelial cell lines used in the gRT-PCR experiments, OKF4 and
OKF®6, were gifts from the Rheinwald Lab at Harvard Medical School. Both were cultured in
Keratinocyte-SFM (1X) with L-glutamine, supplemented with 0.2 ng/mL human recombinant
epidermal growth factor (EGF) 1-53, 25 ug/mL bovine pituitary extract (BPE), 0.3 mM calcium
chloride, and penicillin streptomycin. Once they attained 30% confluency, they were cultured in
equal parts supplemented Keratinocyte-SFM medium and DFK medium. DFK was made with
equal parts DMEM and F-12 and supplemented with 0.2 ng/mL EGF 1-53, 25 ug/mL BPE, 2mM
L-glutamine, and penicillin streptomycin.

Five established HNSCC céll lines, UM SCC-10B (base of tongue), UMSCC-22B (larynx), HN-1
(pharynx), HN-12 (tongue), and HN-30 (pharynx), were used in the in-vitro portion of this study.
UMSCC-10B and UM SCC-22B were gifts from Dr. Tom Carey, University of Michigan, and
HN-1, HN-12, and HN-30 were gifts from Dr. J.S. Gutkind, National Institute for Dental and
Craniofacial Research. Cdll lines were cultured in DMEM supplemented with 10% fetal bovine
serum (FBS), 2% streptomycin sulfate (Invitrogen), and 2%l 1L-glutamine (Invitrogen), and
incubated at 37°C in 5% CO, and 21% O..

Validation of Differential Expression by gRT-PCR:

Total RNA was isolated using the RNeasy mini kit (QIAGEN). After polyadenylation (Ambion)
and annealing of 1.0 ug total RNA, cDNA was synthesized using M-MLV reverse transcriptase
(Promega), according to the manufacturer’ s instructions. Real-time PCR reaction mixes were
created using FastStart Universal SYBR Green Master Mix (Roche Diagnostics) and run on a

StepOnePlusTM Real-Time PCR System (Applied Biosystems) using the following program:
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95°C for 10 min, 95°C for 30 s, and 60°C for 1 min, for 50 cycles. Results were analyzed using
the AACt method, and experiments were performed in technical triplicates with GAPDH gene
expression measured as endogenous control. Strand-specific primers were custom designed by
the authors and created by Eurofins Genomics (Huntsville, AL, USA). The following sequences
were used: GAPDH forward: 5-CTTCGCTCTCTGCTCCTCC-3, reverse: 5-
CAATACGACCAAATCCGTTG-3, Inc-LCE5A-1 forward: 5'-
GGGCACCTCAAGAAAAGCAT-3, reverse: 5-GAGCACAGCCACACACTAAA-3, Inc-
KCTD6-3 forward: 5'-AGCCACAGCCACCCTAAAAT-3, reverse: 5'-
ACAGCCTCACTCACTGCCTA-3', snoRNA SNORD35B forward: 5'-
GCAGATGATGTTTGTTTTCACG-3', reverse: 5'-CGGCATCAGTTTTACCAAGTG-3'.
INcCRNA Expression Plasmid Transfection:

Expression plasmids for Inc-LCE5A-1 and Inc-KCTD6-3 were custom-designed (Life
Technologies) by cloning the respective INCRNA sequences into the pUC19 vector. Plasmids
were transently transfected using Lipofectamine 2000 (Invitrogen), following the
manufacturer’s specifications. The pUC19 empty vector was used as a control and transfection
efficiency for al three plasmids was monitored using GFP as a reporter.

Quantitative Real-Time PCR for Sem Cell and EMT Gene Expression:

Total RNA was collected 48 hours after transfection with the InNCRNA expression plasmids using
the RNeasy mini kit (QIAGEN). cDNA was synthesized using the Superscript 111 RT-PCR kit
(Invitrogen, Carlsbad, CA) per the manufacturer’ s instructions. Real-time PCR reaction mixes
were created using FastStart Universal SYBR Green Master Mix (Roche Diagnostics), and run
on a StepOnePlusTM Real-Time PCR System (Applied Biosystems) using the following
program: 95°C for 10 min, 95°C for 30 s, and 60°C for 1 min, for 40 cycles. Results were

analyzed using the AACt method, and experiments were performed in technical triplicates with
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GAPDH gene expression measured as endogenous control. Primers were custom ordered
(Eurofins MWG Operon) using the following sequences: GAPDH forward: 5'-
CTTCGCTCTCTGCTCCTCC-3, reverse: 5-CAATACGACCAAATCCGTTG -3. OCT-4
forward: 5- GCAAAGCAGAAACCCTCGTGC-3, reverse: 5'-
ACCACACTCGGACCACATCCT-3'. NANOG forward: 5'- GATTTGTGGGCCTGAAGAAA-
3, reverse: 5-TTGGGACTGGTGGAAGAATC-3'. BMI-1 forward: 5'-
TCCACAAAGCACACACATCA-3, reverse: 5'- CTTTCATTGTCTTTTCCGCC-3..

VIM forward: 5'- GGAAATGGCTCGTCACCTTCGT-3, reverse: 5'-
AGAAATCCTGCTCTCCTCGCCT-3'. TWMST forward: 5-
GGGCCGGAGACCTAGATGTCATTG-3, reverse: 5'-
GAATGCAGAGGTGTGAGGATGGTG-3'. CDH-1 forward: 5-
CTGATGTGAATGACAACGCC-3, reverse: 5-TAGATTCTTGGGTTGGGTCG-3.
MTSCéll Proliferation Assay

UMSCC-10B, UMSCC-22B, HN-1, and HN-30 cells were plated into a 96-well flat-bottom
tissue culture plate (Falcon) at a density of 5,000 cells per well. After a 24-hour plating period,
cells were transfected with the IncRNA expression plasmids. Following a48- to 72-hour
incubation period, cellular proliferation was analyzed using the Cell Titer 96 AQueous non-
radioactive proliferation assay (Promega) in accordance with the manufacturer's protocol. All
assays were performed in triplicate wells and experiments were individually performed twice.
Wound Healing Migration Assay:

UMSCC-10B and UM SCC-22B cells were cultured in 6-well plates until confluent and were
transiently transfected with the INCRNA expression plasmids. 48 hours after transfection, aline

in the plate was scored using a P200 pipette tip. The cells were incubated in growth medium, and
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at each 12-hour interval, the scratched wound was photographed using a light microscope (Nikon

Eclipse TE2000-U).
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HNSCC: Head and neck squamous cell carcinoma; ncRNA: non-coding RNA; IncRNA: long
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Figure Legends

Figure 1. Plot of IncRNA log-fold changes against 1og-counts per million. All 12,407
transcripts consistently expressed in patient samples and evaluated in edgeR are visualized here,
plotted as a function of their log,(fold change) in HNSCC compared to normal tissue versus their
logz(counts per million), where counts per million (cpm) isameasure of RNA abundance as
captured by normalized read count data. The 7,120 IncRNA transcripts identified to be
differentially expressed are highlighted in red. Transcripts not deemed to be significantly
dysregulated are shown in black. Red dots lying outside of the 2 blue lines denote transcripts
significantly dysregulated by a magnitude of 2-fold change or more.

Figure 2. Heatmaps of the most differentially expressed INcRNAsin HNSCC. (a) Heatmap
depicting normalized INcRNA expression levels (in the form of cpm) across normal and HNSCC
tissues in our 40-patient cohort. Only the 222 IncRNAs differentially expressed by a magnitude
of at least 8-fold in HNSCC with FDRs < 0.0001 are shown (Additional File 1). (b) & (c) Higher
resolution images of blue- and orange-labeled regions show, among other INcRNASs, marked
downregulation of Inc-LCE5A-1 and Inc-KCTD6-3 in HNSCC tumors.,

Figure 3. Heatmap depicting snoRNA expresson and dysregulation in HNSCC. All 135
snoRNAS consistently detected in our cohort of 31 HNSCC and normal tissue pairs are
represented. 33 of these snoORNAs were determined to be significantly dysregulated in HNSCC
(Additional File 2).

Figure4. Kaplan-Meier curves show correlation between expression of 3 ncRNAsiIn
HNSCC tumor s and overall survival. Patients were divided into high and low expression
groups depending on whether their expression of the given ncRNA fell above or below the
median. Low expression of (a) Inc-LCE5A-1, (b) Inc-KCTD6-3, and (c) snoRNA SNORD35B
was significantly associated with poorer survival in univariate analyses.

Figureb5. Blat visualization of surivival-associated ncRNAs via the Ensembl Genome
Browser. (a) Blat search of Inc-LCESA-1 reveals its antisense overlap with gene CRNN. (b) Blat
search of Inc-KCTD6-3 reveals its antisense overlap with gene FAM107A and exonic antisense
overlap with FAM3D. (c) Blat search of snoRNA SNORD35B shows its location in an intron of
RPSL11 (40S ribosomal protein S11).
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Figure 6. gRT-PCRs demonstrate that the 3 ncRNAs of interest are downregulated in-vitro.
Expression levels of Inc-LCESA-1, Inc-KCTD6-3, and SNORD35B were compared between 2
normal oral epithelial cell lines (OKF4 and OKF6), shown in black and 5 HNSCC cell lines
(UMSCC-10B, UMSCC-22B, HN-1, HN-12, and HN-30), shown in grey, with expression in
OKF4 serving as the reference. (a) & (€) Inc-LCE5A-1 and SNORD35B exhibited significant
downregulation across all cancerous cell lines, while (b) Inc-KCTD6-3 showed downregulation
in four of the five cell lines.

Figure7. Ectopic expresson of Inc-LCE5A-1 and Inc-KCTD6-3 inhibits cancer stem cell
and EMT-inducing genes. (a) Inc-LCESA-1-transfected HNSCC cell lines exhibited induction
of CDH-1 (E-cadherin) and reduction in VIM, NANOG, and OCT-4 expression levels, while (b)
Inc-KCTD6-3-transfected cell lines exhibited downregulation of VIM, TWIST, BMI-1, and
NANOG.

Figure 8. Overexpresson of Inc-LCE5A-1 and Inc-KCTD6-3 dramatrically reducesHNSCC
cell migration. Wound healing migration assaysin (a) UMSCC-10B and (b) UM SCC-22B
HNSCC cell lines show decreased cell motility in Inc-LCE5A-1 and Inc-KCTD6-3-transfected
cell lines. Graphs plot average scratch wound width at each 12-hour timepoint.

Figure 9. Overexpression of Inc-LCE5A-1 and Inc-KCTD6-3 reduces HNSCC cell
proliferation. 3-day M TS proliferation assays demonstrate at least 25% reduction in growth in
(@) Inc-LCE5BA-1-transfected cell lines and (b) Inc-KCTD6-3-transfected cdll lines as compared
to vector-transfected cells.

Description of additional datafiles

Additional datafile 1 contains tables listing the most upregulated and downregulated INcRNAS in
HNSCC (> 8-fold change magnitude, FDR < 0.0001). Additional datafile 2 isatable listing the
33 differentially expressed snoRNAsin HNSCC (FDR < 0.05). Additional datafile 3isatable
listing the known, HNSCC-associated IncRNAs significantly dysregulated in our 40-patient
HNSCC cohort. Additional datafile 4 contains tables summarizing the most differentially
expressed and known, cancer-associated INcCRNAs among HNSCCs stratified by anatomic site.
Additional datafile 5 contains a focused analysis of NCRNA expression level and patient survival
vs. patient age, as well as tables summarizing the demographics and clinicopathological
characteristics of the expanded HNSCC patient cohort used in the survival analyses. Additional
datafile 6 contains annotated genome browser images for the survival-associated ncRNAS,
including average read coverage of INcRNA exons and sequence alignment of the SNORD35
paralogs. Additional datafile 7 contains gRT-PCR data verifying the IncCRNA transfections.
Additional datafile 8 contains lists of TCGA IDs corresponding to the HNSCC patients used for
the matched pair INcRNA and snoRNA differential expression analyses. Additional datafile 9
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contains lists of TCGA 1Ds corresponding to the expanded cohort of HNSCC patients used for
the survival analyses.
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Table 1. Summary of patient demographicsand clinicopathological characteristics. (a) Clinical datafor patients used in the InCRNA expression
profiling and analysis. (b) Clinical datafor patients used in the snoRNA differential expression analysis. * Clinical data not available for one patient

(@)

(b)

Characteristic Patients (n = 39)" Characteristic Patients (n = 31)
No. % No. %
Age Age
Median 64 Median 64
Range 29-87 Range 29-87
Sex Sex
Male 27 69% Male 22 71%
Female 12 31% Female 9 29%
Vital Status Vital Status
Living 8 21% Living 7 23%
Deceased 31 79% Deceased 24 7%
Tumor Site Tumor Site
Oral Cavity 15 38% Oral Cavity 12 39%
Tongue 13 33% Tongue 9 29%
Larynx 11 28% Larynx 10 32%
Clinical Stage Clinical Stage
Stage | 2 5% Stage | 2 6%
Stage I 13 33% Stage I 10 32%
Stage 11l 16 41% Stage 11l 12 39%
Stage IV 8 21% Stage IV 7 23%
Pathologic Stage Pathologic Stage
Stage | 2 5% Stage | 2 6%
Stage 1 15 38% Stage Il 12 39%
Stage 11l 7 18% Stage 11l 3 10%
Stage IV 15 38% Stage IV 14 45%
Tumor Grade Tumor Grade
G1-G2 25 64% G1-G2 20 65%
G3-G4 10 26% G3-G4 8 26%
GX 4 10% GX 3 10%
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Table 2. Genomic coordinates and aliases for survival-associated ncRNAS.

Gene name Genomic Coordinates (hgl9)  Aliases (Ensembl and NONCODEV4)

RP1-91G5.3, ENSG00000227415 (ENST00000411804)
Inc-LCE5A-1 chrl: 152,346,430-152,417,932 NONHSAG002953 (NONHSAT006486)

RP11-475023.3-001, ENSG00000244383 (ENST00000464125)
Inc-KCTD6-3 chr3:58592807-58620167 NONHSAG035285 (NONHSAT090141)

SNORD35B, RNU35B, ENSG00000200530
SNORD35B chr19: 50,000,977-50,001,063 NONHSATO067208
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Table 3. Multivariate Cox proportional hazards modelsreveal significant associations between low ncRNA expression and poor prognosis.
Only patients with available data for all variables shown were included in the analyses (HR = Hazard Ratio, Cl = Confidence Interval).

Patient Mortality (n = 75)
(a) HR (95% CI) P-Value

Inc-LCESA-1 Expression (Low vs

High) 2.46 (1.26-4.80) 0.008
Ageat Initial Diagnosis 1.07 (1.03-1.11) 0.001
Gender (Male vs Female) 1.08 (0.49-2.39) 0.841
Tumor Grade (G3-G4 vs G1-G2) 1.36 (0.71-2.60) 0.359
Clinical Stage (Reference: Stage 1)
Stage I 0.93 (0.12-6.98) 0.947
Stage I 0.40 (0.05-3.54) 0.412
Stage IVA 0.32 (0.03-2.90) 0.308
Stage IVB 1.99 (0.14-28.79) 0.614
Pathologic Stage (Reference: Stage )
Stage I 1.02 (0.13-7.80) 0.986
Stage I 5.64 (0.61-51.99) 0.127
Stage IVA 8.60 (0.94-78.68) 0.057
Stage IVB 11.48 (0.80-165.35) 0.073
Patient Mortality (n = 75)
(b) HR (95% CI) P-Value
Inc-KCTD6-3 Expression (Low vs.
High) 1.93 (1.06-3.54) 0.033
Age at Initial Diagnosis 1.06 (1.02-1.11) 0.002
Gender (Male vs. Female) 1.35(0.65-2.81) 0.419
Tumor Grade (G3-G4 vs. G1-G2) 1.37(0.71-2.63) 0.348
Clinical Stage (Reference: Stage 1)
Stage I 1.50 (0.14-16.01) 0.735
Stage Il 0.69 (0.06-8.33) 0.767
Stage IVA 0.59 (0.05-7.41) 0.681
Stage IVB 2.84 (0.14-56.16) 0.494



Pathologic Stage (Reference: Stage )

Stage Il 0.66 (0.06-7.33) 0.734
Stage I 3.36 (0.26-43.19) 0.349
Stage IVA 4.46 (0.35-57.42) 0.252
Stage IVB 5.35(0.26-111.18) 0.279
Patient Mortality (n = 109)
(©) HR (95% CI) P-Value
snoRNA SNORD35B Expression
(Low vs.High) P 2.93 (1.56-5.52) 0.0008
Age at Initial Diagnosis 1.0 (1.02-1.08) 0.002
Gender (Male vs. Female) 1.27 (0.59-2.74) 0.543
Tumor Grade (G3-G4 vs. G1-G2) 1.32(0.79-2.21) 0.293
Clinical Stage (Reference: Stage 1)
Stage Il 2.22 (0.44-11.29) 0.337
Stage 111 1.33(0.25-7.04) 0.736
Stage IVA 0.99 (0.14-5.67) 0.994
Stage IVB 4.44 (0.47-41.74) 0.192
Pathologic Stage (Reference: Stage )
Stage Il 1.14 (0.21-6.19) 0.870
Stage 111 1.57 (0.29-8.54) 0.600
Stage IVA 4.19 (0.80-21.99) 0.091
Stage IVB 5.30 (0.62-45.16) 0.127
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