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Abstract Laryngeal squamous cell carcinoma (LSCC) is a
very aggressive cancer, considered to be a subtype of the head
and neck squamous cell carcinoma (HNSCC). Despite signif-
icant advances in the understanding and treatment of cancer,
prognosis of patients with LSCC has not improved recently. In
the present study, we sought to understand better the genetic
mechanisms underlying LSCC development. Thirty-two tu-
mor samples were collected from patients undergoing surgical
resection of LSCC. The samples were submitted to whole-
genome cDNA microarray analysis aiming to identify genetic
targets in LSCC. We also employed bioinformatic approaches
to expand our findings using the TCGA database and further

performed functional assays, using human HNSCC cell lines,
to evaluate viability, cell proliferation, and cell migration after
silencing of selected genes. Eight members of the homeobox
gene family (HOX) were identified to be overexpressed in
LSCC samples when compared to normal larynx tissue.
Quantitative RT-PCR analysis validated the overexpression
of HOX gene family members in LSCC. Receiver operating
characteristic (ROC) statistical method curve showed that the
expression level of seven members of HOX gene family can
distinguish tumor from nontumor tissue. Correlation analysis
of clinical and gene expression data revealed that HOXC8 and
HOXD11 genes were associated with the differentiation
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degree of tumors and regional lymph node metastases, respec-
tively. Additionally, siRNA assays confirmed that HOXC8,
HOXD10, and HOXD11 genes might be critical for cell col-
ony proliferation and cell migration. According to our find-
ings, several members of the HOX genes were overexpressed
in LSCC samples and seem to be required in biological pro-
cesses involved in tumor development. This suggests that
HOX genes might play a critical role in the physiopathology
of LSCC tumors.

Keywords Larynx squamous cell carcinoma . Gene
regulation . HOX genes . Cell migration

Introduction

Laryngeal squamous cell carcinoma (LSCC) is one of the 15
most common types of cancer in men worldwide [1]. Despite
recent advances in cancer treatment, this type of malignancy
has one of the lowest survival rates among major cancer types
[2]. Tobacco and alcohol consumption are major risk factors
involved in LSCC development [2]. Histopathological tumor
classification and TNM staging system are currently the pre-
dominant methods used to predict disease outcome in LSCC
patients [3].

Although previous studies have addressed the molecular
characterization of LSCC [4–6], our understanding of target
genes involved in the biology of LSCC is still limited.
Therefore, there is a need for new efforts to improve the char-
acterization of molecular mechanisms involved in LSCC. This
is especially important since new therapies interfering in spe-
cific targets within genetic pathways may become available, as
demonstrated for other cancer types [7–10]. In the present
study, we performed a molecular analysis in a series of 32
human LSCC samples aiming to identify genes involved in
the pathogenesis of LSCC. We employed gene expression pro-
filing approach along with ample statistical analysis [11] to
show that LSCC is marked by a series of transcriptional alter-
ations, including overexpression of eight HOX gene family
members. Increased expression of HOX gene members in
LSCC was validated by RT-qPCR. Knockdown of HOXC8,
HOXD10, or HOXD11 expression indicates their involvement
in biological processes related to LSCC development. In sum-
mary, the results suggest that HOX family members play a
significant role in the physiopathology of LSCC tumors.

Material and methods

Ethics statement and tissue sample collections

This study was approved by the Ethics Committee of Ribeirão
Preto Medical School, University of São Paulo (USP) (Proc.

No. 9371/2003). Written informed consent was obtained from
patients undergoing surgical resection at the Head and Neck
Surgery Division of the Department of Ophthalmology,
Otorhinolaryngology and Head & Neck of Ribeirão Preto
Medical School, USP (Brazil), from January 2005 to
December 2009. Inclusion criteria were histopathological di-
agnosis of LSCC and elective surgeries for LSCC in patients
without previous treatments and patients’ allowance to donate
part of their tumor for genetic studies. Exclusion criteria were
doubtful diagnosis of LSCC, unavailable postsurgical follow-
up, and patients without complete clinical data or signed
agreement for collection of samples. A total of 32 patients
could be included in this study. After histopathological con-
firmation of LSCC and microdissection of tumors from their
surgical safety border (normal tissue; n = 13), tissue samples
were snap-frozen in liquid nitrogen.

Microarray experiments

First, RNA was purified with RNeasy kit (Qiagen, Valencia,
CA, USA) and quantified with the NanoDrop spectrophotom-
eter (260 nm; Thermo Fisher Scientific, Waltham, MA, USA).
Agarose gel electrophoresis was used to evaluate the quality
of the RNAs (28S and 18S ribosomal RNA detection). We
used Fluidics Station 450 system (Affymetrix) and the
Quick Amp Labeling One-Color kit (5190–0442; Agilent,
USA) for RNA hybridization to Whole Human Genome
Oligo Microarray chips (G4112F, Agilent Technologies,
Santa Clara, CA, USA). One Color RNA Spike-In Kit
(5188–5282; Agilent, USA) was used for loading control.
Each array reflected the expression of a single sample, and
the CEL files from scanned microarrays were produced using
the GenePix 4000B scanner (Axon Instruments, USA) togeth-
er with the GenePix Pro 6.0 and Agilent Feature Extraction
9.5.3.1 software. Rawmicroarray data were deposited at Gene
Expression Omnibus (GEO) (accession ID: GSE59102) and
published in Genomic Data [11].

Microarray data analysis

Data analysis was performed with R packages from the
Bioconductor Project (www.bioconductor.org). Spearman
rank coefficient-based correlation and average linkage
methods were applied for hierarchical clustering and exclu-
sion of masked spots from microarray dataset. Statistical sig-
nificance was determined with a nonpaired t test analysis.
False discovery rate (FDR) was used to adjust p values (q
values). A heat map was generated to illustrate the results.

TCGA data analysis

Differential expression analysis between head and neck squa-
mous cell carcinoma (HNSCC), and normal samples from the

15088 Tumor Biol. (2016) 37:15087–15096

http://www.bioconductor.org


same patient was performed using the bioconductor R pack-
age TCGA Biolinks [12]. p Values were adjusted for FDR
<0.05 as multiple hypothesis test correction method. Genes
with log2 fold change less than −2 or greater than 2 and ad-
justed p value <0.01 were considered differentially expressed.

RT-qPCR analysis

High Capacity cDNA Reverse Transcription kit (Applied
Biosystems, USA) was used to generate cDNAs from 1 μg
of extracted RNA according to the manufacturers’ instruc-
tions. Then, cDNAs were diluted at 1:5 and stored at −80 °C
until analysis. RT-qPCR was performed with PrimeTime®
Mini qPCR Probe kit (Integrated DNA Technologies, USA).
For all RT-qPCR reactions, median geometric expression from
housekeeping GAPDH and TBP genes were used to normal-
ize RNA inputs. The levels of expressed genes were measured
by RT-qPCR using the 2−ΔΔCt method [13].

Cell culture

FADU and UMSCC14 cell lines from human head and neck
squamous cell carcinomas were used to functional assays.
Both were kindly provided by Dr. Eloiza H. Tajara of the
School of Pharmaceutical Sciences–UNESP. Cell lines were
cultured under standard conditions in Minimum Essential
Medium (Gibco®) and Dulbecco’s modified Eagle’s medium
(DMEM, Gibco®), respectively, supplemented with 10 % fe-
tal bovine serum and 1 % penicillin and streptomycin. Cells
were kept at 37 °C and 5 % CO2.

siRNA assay

HOXC8 (siHOXC8), HOXD10 (siHOXD10), and HOXD11
(siHOXD11) siRNAs and negative control siRNA (siCTRL)
were purchased from Sigma-Aldrich (St. Louis, MO, USA).
Cells were transfected with specific siRNAs (30 nM final
concentration) using Lipofectamine RNAiMAX reagent
(Invitrogen, Carlsbad, CA, USA) according to manufacturer’s
instructions. Subsequent experiments were performed 48 h
after transfection.

Cell viability

Cell viability and apoptosis were evaluated using Annexin V-
FITC apoptosis detection kit (Becton Dickinson, Holdrege,
NE, USA). All experiments were performed according to the
manufacturer’s guidelines. FACSCalibur flow cytometer was
used for all analysis (Becton Dickinson, Franklin Lakes, NJ,
USA). Double-negative cells were considered viable.
Annexin V-positive cells were determined as apoptotic cells.
Results were shown as percentage of positive stained cells.

Colony formation assay

Cell suspension was settled into six-well plates (500 cells/
well). After 12 days, cells were fixed in 4 % formaldehyde
(in PBS) and stained with 0.5 % crystal violet. Number of
colonies was counted with ImageJ software.

Transwell migration assay

Cell motility was evaluated in 24-well transwell plates
(Greiner, USA). FADU and UMSCC14 cells (1 × 105cells/
300 μL serum-free medium) were seeded in the upper cham-
bers of the transwell plates 48 h after transfection with indi-
vidual siRNAs. The lower chambers were filled with 500 μL
of medium added 10 % FBS. Cells were allowed to migrate
for 24 h at 37 °C. Then, the cells from the upper compartment
were removed with a cotton swab, and the cells that migrate to
the lower face of the filter were fixed in 4 % formaldehyde (in
PBS) and stained with 0.5 % crystal violet. The number of
cells was manually counted using ImageJ software.

Statistical analysis

Data were analyzed using GraphPad Prism 5.0 software pack-
age (Graph Pad Software Inc., USA). Statistical significance
was determined by one-way ANOVA followed by Bonferroni
post hoc test. Mann-Whitney’s test was applied for compari-
sons between two-independent groups. IBM SPSS Statistics
for Mac (version 20.0) was used for analysis of survival
(Kaplan-Meier’s test), receiver operating characteristic
(ROC) curve analysis and categorical data classification
(Fisher’s test). A probability of p < 0.05 was considered to
be statistically significant. All data are shown as mean ± stan-
dard deviation.

Results

Clinical characteristics of the studied population

Patients were predominately male (31/32) with a history of
smoking (32/32) and alcohol abuse (31/32) (Table 1 and
Suppl. Table 1). From 32 patients, 8 (25 %) suffered tumor
relapse and 3/32 (9.4 %) tumor metastasis. A single patient
suffered tumor relapse followed by distant organ metastasis.
Two patients died 1 week after tumor surgery (2/12, 16.7 %),
two other patients (2/12, 16.7 %) died from noncancer related
reasons, and 8/12 (66.6 %) died from cancer. Among the 20
survivors, four patients had tumor relapse, and one patient
suffered frommetastatic disease. Thus, tumor relapse and me-
tastasis were determining features impacting patient survival
(Suppl. Fig. 1).
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Microarray analysis in LSCC

To investigate potential genetic targets and biomarkers in
LSCC, microarray analysis was performed from surgical sam-
ples comprising of tumor as well as nonneoplastic tissue.
Statistical analysis restricted to those transcripts with log2 fold
change higher than 3.2 and p ≤ 1e−7 revealed clear
transcriptomic differences between nontumor and tumor sam-
ples, with 70 genes differentially expressed. The volcano plot
in Fig. 1a highlights the group of 70 genes differentially
expressed between normal and tumor tissues, from which 30
genes (42 %) were significantly overexpressed in LSCC
(Suppl. Table 2). Figure 1b shows the heat map of the hierar-
chical clustering using the expression pattern of this group of
70 genes differentially expressed. Interestingly, we noticed
that eight members of the HOX gene family were
overexpressed in LSCC. This transcription factor family was
the only genetic family found overexpressed as a cluster in
LSCC samples (Fig. 1b), and this enrichment was confirmed
by a gene enrichment analysis (Ingenuity Systems, USA). On

average, HOX gene family members showed an overexpres-
sion of 4.2 (±0.7)-fold in tumors in comparison with normal
tissue (surrounding tumor).

Validation of overexpression of HOX gene members
in LSCC

Gene expression analysis by RT-qPCR confirmed that all
eight members of HOX gene family were overexpressed
in tumors in comparison with normal tissue (Fig. 2 and
Suppl. Table 3). In general, the expression changes de-
tected by RT-qPCR were even more dramatic than those
observed in the microarray analysis. The relative expres-
sion level (fold change) of the four HOXC gene members
between LCSS and normal tissue varied from 6.4- to
44.6-fold (Fig. 2a–d). For the members of HOXD group,
overexpression means of 6.4-fold (HOXD10) and 38.7-
fold (HOXD11) were detected in LSCC samples
(Fig. 2e, f). HOXA10 and HOXA11-AS1 were found
3.4-fold and 7.9-fold overexpressed in LSCC, respective-
ly (Fig. 2g, h).

HOX genes expression in HNSCC based on TCGA
database

Using the public TCGA database, we investigated the
expression levels of all members of the HOX genes
family (39 genes) in HNSCC tissues, which include
samples of squamous cell carcinoma of tongue (13 sam-
ples), larynx (12 samples), oral cavity (13 samples),
base of the tongue (2 samples), and floor of the mouth
(3 samples) and their respective adjacent normal tissues.
Fourteen HOX genes were identified as overexpressed
in HNSCC tissues, from which six matched those found
overexpressed in LSCC in our study (Fig. 3). One could
suggest that HOX genes may be overexpressed as a
cluster in HNSCC tissues by amplification events. The
occurrence of genomic amplification in the seven HOX
gene loci was evaluated using TCGA copy number var-
iation (CNV) data [14]. We observed that the expression
of most of the HOX genes that we found upregulated in
LSCC had no correlation with copy number alterations
(Table 2). The exception was HOXA10 that showed a
weak correlation (R = 0.2). Furthermore, we searched
the TCGA database for methylation status of those sev-
en genes [15], and we found that expression levels and
methylation status were inversely correlated (Spearman
correlation less than or equal to −0.5) for HOXA10,
HOXC10, and HOXD11 (Table 3), indicating that
DNA methylation could be involved in the regulation
of these HOX genes in HNSCC.

Table 1 Clinical information of LSCC patients

Standards Staging Mean

Early (n = 16) Advanced (n = 16)

Mean ages

Year (min–max) 60 (40–78) 62.2 (49–83) 61.1

Gender

Male 15 16 31

Female 1 0 1

Smoking (%)

Smoker 12 6 18

Former smoker 4 10 14

Nonsmoker 0 0 0

Alcoholism (%)

Alcoholic 10 7 17

Former alcoholic 5 9 14

Nonalcoholic 1 0 1

Postsurgical therapy

Radiotherapy 5 9 14

Chemotherapy 1 1 2

Tumor relapse 3 5 8

Metastasis 1 2 3

Patient status

Alive 10 10 20

Dead 6 6 12

Follow-up

Months average 41 46 44
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Fig. 1 Microarray analysis in laryngeal squamous cell carcinoma
(LSCC). (a) Volcano plot depicts 70 genes (green and red dots)
differentially expressed between LSCC and nontumoral tissues. X-axis
represents fold change values (FC; log2) and Y-axis p value (− log10). A
threshold cutoff (3.32-FC vs p value 10−7) was applied for selection of
genes downregulated (green dots/right side) or upregulated (red dots/left
side) in LSCC samples. (b) Two-way unsupervised hierarchical

clustering is illustrated in a heat map diagram. Each column represents
a sample, and each row indicates a gene. Sample clustering tree is shown
at the top, while that for genes appears on the left. Across all samples,
relative gene expression levels are shown in color scales (red, above the
mean; green, lower than the mean; black, median expression). Eight
members of HOX family are highlighted in red on the right side

Fig. 2 Validation of transcriptomic data by RT-qPCR. Analysis was
performed for HOXC8 (a), HOXC9 (b), HOXC10 (c), HOXC13 (d),
HOXD10 (e), HOXD11 (f), HOXA10 (g), and HOXA11-AS1 genes
(h). Relative gene expression calculations were performed according to

the 2–ΔΔCt method using themean Ct values of GAPDH and TBP genes as
endogenous control and the mean value of normalized Cts of all normal
samples as reference. Mann-Whitney’s test was used for statistical
analysis (*p < 0.05)
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Expression level of HOX genes can contribute
to distinguish tumor tissues from their normal
counterparts

To evaluate if expression of HOX gene family members could
discriminate between normal and tumor tissues, we performed
a ROC curve analysis. Calculating the sensibility and speci-
ficity enabled us to determine an expression fold change cut-
off for all HOX genes analyzed here, from which AUC and p
value were determined. AUC > 0.8 values were found in six
out of seven HOX genes indicating the value of those HOX
genes as diagnostic markers (Table 4). We then investigated
the association between the expression of the seven HOX
genes and patient clinic pathologic data. HOXC8 gene over-
expression was inversely associated with the degree of tumor
differentiation (Table 5), while the presence of regional lymph

node metastasis was significantly associated with HOXD11
gene overexpression (Table 6). The other members of HOX
gene family did not show any correlation to clinical data, such
as tumor size, differentiation degree, and regional or distant
metastasis (Supplemental 4 to 8). For Kaplan-Meier analysis,
the expression cutoff values from Table 4 were also used to
separate samples into higher and lower expression groups for
each of the HOX genes. However, no correlation between
HOX gene expression levels and patients’ overall survival
was observed for any of the seven analyzed genes (Suppl.
Fig. 2).

HOXC8, HOXD10, and HOXD11 modulate cell survival,
proliferation and migration

For functional assays, FADU and UMSCC14 cell lines were
used, as they are HNSCC-derived cell lines expressing HOX
genes. The efficiency of gene knockdown was evaluated 48 h
after transfection with siRNAs for HOXC8, HOXD10, and
HOXD11 by RT-qPCR (Suppl. 3A), and cell viability and
apoptosis were quantified by flow cytometry (Suppl.
Fig. 3B, C). HOXC8 knockdown altered cell viability and
significantly increased apoptosis in FADU cells but had no
effect on UMSCC14 cell viability or apoptosis rates (Suppl.
Fig. 3B, C). On the other hand, neither HOXD10 nor
HOXD11 knockdown caused any changes on survival rates
of FADU or UMSCC14 cell lines (Suppl. Fig. 3). Colony
formation assay demonstrated that knockdown of HOXC8,
HOXD10, and HOXD11 genes in FADU and UMSCC14
cells significantly reduced their ability to establish colonies
after 12 days of culturing (Fig. 4a, b).

Additionally, to further investigate the biological role of
HOXC8, HOXD10, and HOXD11 in FADU and UMSCC14
cells, we performed a transwell migration assay 48 h after
transfecting them with the respective siRNAs. Cells were
allowed to migrate for 24 h, when we observed that reduced
expression of any of the three HOX genes dramatically de-
creased cell migration in FADU cells and UMSCC-14 cells
(Fig. 5a, b).

Table 2 Correlation of HOX
gene expression with copy
number variation (CNV) in 514
TCGA HNSCC samples from
FireBrowse database

Genes Cytoband Pearson correlation p value q value Number of samples
with amplifications

HOXA10 7p15.2 0.2461 1.61765250084045e−08 0.0001 2

HOXC8 – – – – 1

HOXC9 12q13.13 0.1142 0.0099 1 1

HOXC10 12q13.13 0.0544 0.2281 1 1

HOXC13 12q13.13 0.0282 0.5282 1 1

HOXD10 2q31.1 0.1687 0.001 0.7270 13

HOXD11 – – – – 13

Fig. 3 Volcano plot showing the comparison of gene expression between
normal margin and head and neck squamous cell carcinoma (HNSCC)
samples from TCGA database. X-axis represents log2 fold change values,
and Y-axis shows − log10-adjusted p value. Red dots: HOX genes
upregulated in TCGA database HNSCC samples. Purple dots highlight
HOX genes found upregulated in HNSCC samples and in our cohort of
LSCC samples as well
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Discussion

In this study, we used mRNA microarray to investigate gene
expression signatures associated with laryngeal squamous cell
carcinoma progression. The analysis in 32 laryngeal tumor
samples and 13 adjacent normal tissues identified 70 differen-
tially expressed genes. A set of 30 genes was overexpressed in
tumor samples, from which we highlighted a group of eight
members of the HOX gene family (HOXA10, HOXA11-S1,
HOXC8, HOXC9, HOXC10, HOXC13, HOXD10, and
HOXD11). To our knowledge, this was the first observation
of this relatively large number of HOX genes overexpressed
simultaneously in a tumor type. RT-qPCR validation con-
firmed an impressive upregulation of all eight HOX genes in
tumor samples compared to normal tissue, reaching around
40-fold in the case of the HOXC13 gene (Fig. 2). Numerous
examples of individual aberrant HOX gene expression have
been found in cancer. The mechanisms of this deregulation are
multiple and can be tissue-dependent or temporal-spatially
controlled [16].

Methylation of CpG islands in the promoter region of
genes acts as a significant mechanism of epigenetic gene si-
lencing in tumors, whereas demethylation can take place to
upregulate oncogenes. Analysis of methylation status of seven
HOX genes upregulated in LSCC using the TCGA database
showed an inverse correlation between expression levels and
methylation status of HOXA10, HOXC10, and HOXD11,

indicating that this could be the mechanism responsible for
the regulation of these three HOX genes in HNSCC.
Aberrant DNA methylation patterns in a group of genes, in-
cluding some HOX genes, were also found in human breast
and ovarian cancer, and melanoma [17–19], suggesting that
this could be the major mechanism of HOX gene regulation in
tumors, possibly enabling tumorigenesis.

Expression of HOX genes is variable across different tumor
types. Although some HOX genes were described as
overexpressed in a particular tumor type, other reports have
shown their downregulation in a different type of tumor [20].
This variation in the expression profile among different tu-
mors indicates HOX genes can play either an oncogenic or
tumor-suppressive function depending on the tumor type.
HOXD10, for instance, was shown to be downregulated in
gastric cancer and it was considered as a tumor suppressor
candidate, since reexpression of HOXD10 in gastric cancer
cell lines resulted in significant inhibition of cell survival,
induction of apoptosis, and reduced cell migration and inva-
sion [21]. Evidence of altered expression of HOXD10 has
been also described in breast cancer, endometrial cancer, and

Table 3 Correlation of HOX
gene expression with DNA
methylation in TCGA HNSCC
samples from FireBrowse
database

Genes Chromosome Position Spearman correlation p value q value

HOXA10 7 27,213,893 −0.5223 0 0

HOXC8 12 54,402,699 −0.3421 1.212E−15 3.642E−16
HOXC9 12 54,393,725 −0.4849 0 0

HOXC10 12 54,379,609 −0.6057 0 0

HOXC13 12 54,332,992 −0.2674 1.025E−09 1.596E−10
HOXD10 2 176,981,328 −0.00789 7.223E−02 4.944E−03
HOXD11 2 176,972,812 −0.513 0 0

Table 4 Analysis of ROC, cutoff, sensibility, specificity, AUC, and p
value, of the seven genes HOX

Gene Sensibility Specificity Cutoff AUC p value

HOXA10 0.781 0.308 >2,1 0.776 =0.0039

HOXC8 0.906 0.231 >17 0.882 <0.0001

HOXC9 0.906 0.154 >4.4 0.889 <0.0001

HOXC10 0.938 0.154 >5.0 0.940 <0.0001

HOXC13 0.969 0.077 >7.5 0.976 <0.0001

HOXD10 0.813 0.231 >3.6 0.868 <0.0001

HOXD11 0.906 0.154 >8.4 0.940 <0.0001

AUC area under the curve

Table 5 The relationship between HOXC8 gene expression and
clinical data

Standards Grade Cutoff p value

<17 ≥17
T T1 + T2 12.5 % 87.5 % 1.000

T3 + T4 6.3 % 93.8 %

N N0 14.3 % 85.7 % 0.534
N+ 0 % 100 %

Differentiation degree WD 33.3 % 66.7 % 0.040
MD/PD 0 % 100 %

Tumor relapse or metastasis Absence 9.1 % 90.9 % 1.000
Presence 10 % 90 %

Total 9.4 % 90.6

p value lower than 0.05 was statistically significant

T tumor size, N regional lymph node metastasis, T1 + T2 early stage,
T3 + T4 advanced stage, N0 no regional lymph node metastasis, N+
presence of lymph node metastasis, WD well differentiated, PD poorly
differentiated

Tumor Biol. (2016) 37:15087–15096 15093



hepatocellular carcinoma [22–25] in which HOXD10 expres-
sion is reduced in epithelial cells, as malignancy increases, or
it is completely depleted in tumors compared to normal tissue.
Whereas these findings suggest that HOXD10 has tumor-
suppressive functions, a different scenario is observed for
HNSCC. In the present study, although no correlation between
expression of HOXD10 and the overall survival rate was de-
tected, there was a significant upregulation in LSCC samples
in comparison to normal tissues. This is in agreement with
others studies that revealed significantly higher expression
levels of HOXD10 in HNSCC and OSCC [26, 27]. Sharpe
et al. [26], for instance, described HOXD10 as overexpressed

in HNSCC tissues (oral cavity, oropharyngeal, pharyngeal
SCC) and cell lines (tongue and pharynx SCC), and its knock-
down resulted in impairment of cell proliferation and inva-
sion. Our results also confirm the importance of HOXD10
for cell proliferation and migration.

HOXD11 was found downregulated through a specific
methylation pattern of a group of genes in breast and ovarian

Table 6 The relationship between HOXD11 gene expression and
clinical data

Standards Grade Cutoff p value

<8.4 ≥8.4

T T1 + T2 12.5 % 87.5 % 1.000
T3 + T4 6.3 % 93.8 %

N N0 0 % 100 % 0.033
N+ 27.3 % 72.7 %

Differentiation
degree

WD 0 % 100 % 1.000

MD/PD 9.1 % 90.9 %

Tumor relapse or
metastasis

Absence 13.6 % 86.4 % 0.534

Presence 0 % 100 %

Total 9.4 % (n = 3) 90.6 % (n = 29)

p value lower than 0.05 was statistically significant

T tumor size, N regional lymph node metastasis, T1 + T2 early stage,
T3 + T4 advanced stage, N0 no regional lymph node metastasis, N+
presence of lymph node metastasis, WD well differentiated, PD poorly
differentiated

Fig. 4 Colony formation assay in FADU and UMSCC-14 cells after
knockdown of HOXC8, HOXD10, or HOXD11 gene expression. a
Representative images showing colonies formed by FADU cells (on the
left) and UMSCC-14 cells (on the right) after 12 days of transfection with
control siRNA (siCTRL) or HOXC8, HOXD10, or HOXD11 siRNAs. b

Quantitation of colonies using ImageJ counting plugin. One-way
ANOVA followed by Bonferroni’s post hoc test were used for statistical
analysis (*p < 0.05). Each experiment was performed three times and
each time in triplicate

Fig. 5 Cell migration assay in FADU and UMSCC-14 cells after
knockdown of HOXC8, HOXD10, and HOXD11 genes. a
Representative images from the bottom surface of the transwell insert,
showing stained migrating cells: FADU (upper panel) and UMSCC-14
(bottom panel). b Bar graph displaying the percentage of migrating cells
relative to the control (considered 100 %); FADU (left) and UMSCC-14
(right). One-way ANOVA followed by Bonferroni’s post hoc test was
used for statistical analysis. Each experiment was performed three times
and each time in triplicate
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cancer [17, 18] and melanoma [19]. Here, we found HOXD11
upregulated in LSCC samples compared to normal tissue, as it
was found by Sharp et al. and Rodini et al. who described
HOXD11 overexpressed in HNSCC and OSCC [26, 27], sug-
gesting an important role for this gene in the development of
these diseases. In addition, we showed data suggesting that
HOXD11 contributes to tumor cell proliferation and
migration.

HOXC8 also presented a variable pattern of expression.
Immunohistochemical staining for HOXC8 was stronger in
normal margin tissue than in pancreatic ductal adenocarcino-
ma tissue, and it was described as inversely related to progres-
sion and metastasis in this type of cancer [28]. Nevertheless,
HOXC8 was reported as overexpressed in esophageal SCC
and suggested as a potential prognostic marker for this type
of cancer [29]. Similarly, we identified high expression levels
of HOXC8 associated with lower tumor differentiation.

Other HOX genes identified herein were also described
deregulated in different types of tumor. Although, the expres-
sion levels of most of them did not influence the overall sur-
vival rates, the members of the HOX family identified as
overexpressed in LSCC in this study, except by HOXA10,
contributed to distinguish tumor tissue from the normal
surroundings.

HOX genes encode transcription factors and are known for
acting in embryogenesis and regulating biological processes
such as cell differentiation, cell proliferation, and apoptosis,
which are important mechanisms for tissue and organ devel-
opment [16]. According to our results, it is possible to infer
that the genetic program regulated by these eight HOX genes
would be reactivated in laryngeal SCC and could be associat-
ed with tumor development. Our findings suggested that
HOXC8, HOXD10, and HOXD11 are associated with in-
creased tumor cell proliferation and migration, whereas
HOXC8 would in addition be involved in regulating cell sur-
vival. This is in agreement to other studies that reported a
decrease in cell proliferation, migration, or invasion after de-
pletion of HOXC8 [30], HOXD10, and HOXD11 [26] in
breast cancer and HNSCC, respectively.

Conclusion

This study identified differentially expressed genes through a
microarray genome-wide screening in LSCC samples. The
results presented here revealed that eight members of the
HOX gene family (HOXA10, HOXA11-S1, HOXC8,
HOXC9, HOXC10, HOXC13, HOXD10, and HOXD11)
were significantly upregulated in LSCC samples compared
to normal tissue. Our data indicate that these genes may play
a significant role in the pathogenesis of LSCC tumors since
further functional investigation with three of them (HOXC8,
HOXD10, and HOXD11) showed their involvement in

biological processes related to tumor development as colony
formation ability and cell migration. The results presented
here support the hypothesis that aberrant expression of HOX
genes is associated with larynx SCC development, and also
warrant further investigation on the activity of HOX gene
family in LSCC and their potential role as therapeutic targets.
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