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laryngeal squamous cell carcinoma is an  
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Abstract: We have turned our attention to CEACAM6 gene, already described as deregulated in various types of 
cancer. By using the expression microarrays performed on the set of 16 laryngeal squamous cell carcinoma (LSCC) 
samples: 11 cell lines and 5 primary tumors we have shown downregulation of CEACAM6 gene as compared to 
non cancer controls from head and neck region. CEACAM6 gene downregulation, further confirmed by quantitative 
PCR on 25 LSCC cell lines, was observed in cell lines derived from recurrent tumors in comparison to controls. A 
significant gene downregulation was observed in cell lines derived from advanced, high grade tumors in comparison 
to controls. Intrigued by the recurrent transcriptional loss of CEACAM6 we searched for the mechanism potentially 
responsible for its downregulation and hence we analyzed DNA copy number changes (a-CGH), promoter DNA meth-
ylation status and occurrence of gene mutations (in silico). Neither the analysis of gene copy number, nor the muta-
tion screen has shown recurrent deletions or mutations, that could contribute to the observed downregulation of the 
gene. However, by using bisulfite pyrosequencing, we have shown DNA hypermethylation (mean DNA methylation > 
78%) of CEACAM6 promoter region in 9/25 (36%) LSCC cell lines. Importantly, the 5-aza-2-deoxycytidine-induced 
inhibition of DNA methylation resulted in restoration of CEACAM6 expression in the two LSCC cell lines on mRNA 
level. In summary, we have shown that recurrent downregulation of CEACAM6 in LSCC is dependent on the gene’s 
promoter DNA methylation and is observed predominantly in large, poorly differentiated tumors and recurrences. 

Keywords: Laryngeal squamous cell carcinoma (LSCC), head and neck squamous cell carcinoma (HNSCC), DNA 
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Introduction

Understanding the relationship between chang-
es in gene expression and tumor stage is  
important for extending the knowledge of can-
cer biology and consequently helps to improve 
current diagnosis and therapy. There is a  
strong need to provide for clinicians a panel  
of biomarkers which changes in expression 
level would precisely indicate particular stages 
of disease. Therefore, identification of novel 

potential tumor suppressor genes and onco-
genes involved in laryngeal cancer develop-
ment is important from a scientific and clinical 
point of view. 

In our previous studies we have performed a 
microarray-based expression analysis on the 
set of laryngeal squamous cell carcinoma 
(LSCC) cell lines [1, 2]. By analyzing the gene 
expression profiles, we found a significant 
downregulation of CEACAM6 gene in LSCC cell 
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lines as compared to non cancer controls. 
Interestingly, overexpression of CEACAM6 was 
formerly shown in pancreatic adenocarcinoma 
and gastric cancer [3-5], but also in head and 
neck cancers [6, 7]. These contradictory data 
triggered our interest in investigating this gene 
in detail. Therefore, we have further validated 
the change of its expression in LSCC cell lines 
with RT-qPCR and correlated these data with 
tumor staging (TNM) and grading (G). To identify 
the underlying mechanism responsible for the 
observed transcriptional deregulation we have 

analyzed the DNA copy number status and 
gene promoter DNA methylation level. Addi- 
tionally, we screened in silico for mutations 
inactivating CEACAM6 using cBioPortal and 
COSMIC databases. 

Materials

Cancer cell lines

Twenty-five cell lines established from the 
whole range of LSCC tumors, representing glot-

Table 1. Clinico-histological characteristics of cell lines and primary tumor samples

Cell line number Sex Age (years) Primary tumor 
location TNM Specimen site Type of lesion Grade

UT-SCC-6A F 51 Supraglottic larynx T2N1M0 Larynx Rec G1
UT-SCC-6B F 51 Supraglottic larynx T2N1M0 Neck Met G1
UT-SCC-8 M 42 Supraglottic larynx T2N0M0 Larynx Pri G1
UT-SCC-11 M 58 Glottic larynx T1N0M0 Larynx Rec G2
UT-SCC-13 M 53 Supraglottic larynx T3N0M0 Larynx Rec G2
UT-SCC-19A M 44 Glottic larynx T4N0M0 Larynx Pri G2
UT-SCC-19B M 44 Glottic larynx T4N0M0 Larynx Pri (per) G2
UT-SCC-22 M 79 Glottic larynx T1N0M0 Larynx Rec G2
UT-SCC-23 M 66 Scc transglottica T3N0M0 Larynx Pri (per) G1
UT-SCC-29 M 82 Glottic larynx T2N0M0 Larynx Pri G1
UT-SCC-34 M 63 Supraglottic larynx T4N0M0 Larynx Pri G1
UT-SCC-35 M 50 Glottic larynx T2N0M0 Larynx Resid G2
UT-SCC-38 M 66 Glottic larynx T2N0M0 Larynx Pri G2
UT-SCC-42B M 43 Supraglottic larynx T4N3M0 Neck Pri G3
UT-SCC-49 M 76 Glottic larynx T2N0M0 Larynx Pri G2
UT-SCC-50 M 70 Glottic larynx T2N0; rT2N0 Larynx Rec G3
UT-SCC-57 M 76 Glottic larynx T2N0M0 Larynx Rec G1-G2
UT-SCC-75 M 56 Supraglottic larynx T2N2BM0 Larynx Pri G2
UT-SCC-106A M 59 Plicae vocalis T1AN0M0 Larynx Pri G2
UT-SCC-106B M 59 Plicae vocalis rT3N0M0 Larynx Rec G3
UT-SCC-107 M 46 Supraglottic larynx T4N2CM0 Larynx Pri G2
UT-SCC-108 M 68 Supraglottic larynx T2N0M0 Larynx Pri G3
UT-SCC-113 M 50 Supraglottic larynx T3N0M0 Larynx Pri G3
UT-SCC-116 M 60 Supraglottic larynx T4N1M0 Larynx Pri G2
UT-SCC-117 M 71 Larynx rT2N0M0 Larynx Rec G2
Primary tumor 
sample number Sex Age (years) Primary tumor 

location TNM Specimen site Type of lesion Grade

TS32 M 61 Larynx T4N0M0 Larynx NA G2
TS36 M 53 Larynx T4N1M0 Larynx NA G2
TS42 M 69 Larynx T2N2cM0 Larynx NA G2
TS59 M 59 Larynx T3N2M0 Larynx NA G2
TS60 M 71 Larynx T4N3M0 Larynx NA G2
All cell lines were obtained from the University of Turku (Finland). M: Male; F: Female; TNM: TNM classification (T-tumor; 
N-lymph nodes involvement; M-distance metastases); Pri: Primary tumor; Rec: Recurrence; Met: Metastasis; Per: Persistent 
tumor; G: Tumor grade, NA: Data not available.
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tic, supraglottic and transglottic disease were 
used for this study. The cell lines characteris-
tics is presented in Table 1 and elsewhere [8, 
9]. 

Tumor specimens

Five laryngeal tumor samples were used for  
the microarray-based expression analysis. The 
patients and tumor samples characteristics  
are shown in Table 1. The tissue samples were 
obtained from Department of Otolaryngology 
and Laryngological Oncology, Poznan University 
of Medical Sciences, Poznan, Poland. The study 
was approved by the local Ethical Board of  
the University of Medical Sciences in Poznan 
(number 164/10). Written consent was obtain- 
ed from all patients.

Control samples

For the microarray expression analysis, the  
following control samples were used: commer-
cially available human total RNA derived from 
healthy larynx (Stratagene, Agilent Technolo- 
gies, Waldbronn, Germany), RNA derived from 
bronchial airway epithelia reconstituted in vitro 
(two donors-pooled, Epithelix Sarl, Geneve, 
Switzerland) and normal mucosa derived from 
surgical margin during laryngectomy.

For reverse transcription and quantitative PCR 
of LSCC cell lines Total RNA from healthy larynx, 
RNA isolated from normal human bronchial/
tracheal epithelial cells (Lonza, Verviers, Be- 
lgium) and human tracheal epithelial cells 
(PromoCell, Heidelberg, Germany) were used. 
Total RNA collected from different adult human 
tissues (qPCR Human Reference Total RNA, 
Clontech Laboratories, Mountain View, USA) 
was used as a positive control of CEACAM6 
expression and was analyzed in parallel with 
LSCC cell lines during qPCR after inhibi- 
tion of DNA methylation with 5-aza-2’-deoxycyt-
idine (DAC). 

For the DNA methylation analysis ten DNA  
samples isolated from oral cavity epithelium 
(buccal swabs) from healthy volunteers were 
used. Additional controls: fully methylated  
standard-MET (Millipore, Hilden, Germany) as 
well as unmethylated DNA (UM): the whole 
genome amplified DNA from peripheral blood 
lymphocytes (GenomePlex® Whole Genome 
Amplification Kit) samples were used.

Methods

Cell line culturing

LSCC cell lines were grown in 25 cm2 flasks in 
Dulbecco’s Modified Eagle Medium, supple-
mented with 10% FBS. All cultures were kept  
in 37°C, in atmosphere enriched with 5% CO2.

DNA and RNA isolation

For nucleic acids isolation, cell lines were cul-
tured until they reached 80% confluence. For 
DNA isolation the cells were harvested with 
0.1% trypsin and 0.2% EDTA. DNA from cell 
lines and peripheral blood lymphocytes was 
isolated according to the standard method: 
phenol/chloroform extraction and ethanol pre-
cipitation. The DNA from the buccal swabs  
was extracted with High Pure PCR Template 
Preparation Kit (Roche, Diagnostics GmbH) 
with slight modification, as described else-
where [10]. For RNA isolation Chomczynski’s 
method was applied [11]. The cells were treat-
ed with trizol directly in the cell culture dish 
after removing the culture medium. 

The laryngeal tumor tissue specimens desig-
nated for RNA extraction were stored in RNA 
later (Sigma-Aldrich, Saint Louis, USA) until  
RNA isolation. The tissue was disrupted in liq-
uid nitrogen, and the RNA was isolated as 
described above. Each specimen used in this 
study was reviewed by a pathologist and con-
tained at least 60% of tumor cells.

DNA purity and concentration were quantified 
by NanoDrop (ND-1000 spectrophotometer) 
and the A260/280 ratio ≥1.8 was considered 
as acceptable. RNA samples were analyzed 
using RNA 6000 NanoKit on Agilent 2100 
BioAnalyzer (Agilent). 

Expression microarrays 

Gene expression levels were established ac- 
cording to LSCC cell lines expression data 
(GeneChip Human Genome U133 Plus 2.0 
Array, Affymetrix) acquired in our previous stu- 
dy [1]. Eleven cell lines and five primary tumor 
specimens were compared to three non cancer 
controls. Gene expression was established by 
verifying all probe sets (henceforth called tags) 
of particular gene, as annotated in the UCSC 
Genome Browser database (NCBI36/hg18). 
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The profiles were screened in search for tags 
fulfilling two criteria: 1. “Present” call of parti- 
cular tag in all three control samples. 2. 
“Decrease” call of the tag in the analyzed LS- 
CC sample. To consider the gene as downre- 
gulated, the “Decrease” call must be obser- 
ved in LSCC sample for all tags assigned to  
its sequence against a minimum 2 out of 3 
controls. 

Reverse transcription and quantitative PCR 
(RT-qPCR)

Total RNA from twenty-five cell lines and three 
non tumor control samples was reverse tran-
scribed to cDNA using the Enhanced Avian  
RT First Strand Synthesis Kit (Sigma-Aldrich), 
according to the manufacturer’s protocol.

Primers for qPCR were designed using Be- 
acon Designer™ 7.5 software (PRIMER Biosoft 
International). The amplified sequence over-

lapped at least one intron/exon junction. A 
specificity of each primer pair was verified by 
Primer-BLAST database (http://blast.ncbi.nlm.
nih.gov/Blast.cgi). Two reference genes, ARNT 
and UBC were used, in line with our previous 
reports [1, 12].

The qPCR was performed using iCycler iQ5 
(Bio-Rad) and the gene expression level was 
calculated with the use of Gene Expresssion 
Analysis for iCycler iQ5® Real-time PCR De- 
tection System software (Bio-Rad Laboratories). 
PCR amplification was facilitated by 5 × HOT 
FIREPol®EvaGreen® qPCR Supermix (Solis 
BioDyne, Estonia), following the manufacturer’s 
protocol, with the final concentration of 250 nM 
for both primers. For each sample, 0.4 µl of 
cDNA was used (undiluted reverse transcription 
product derived from 8 μg of RNA in 40 μl of 
final reaction volume). The primer sequences, 
annealing temperatures, PCR efficiencies and 

Table 2. Primer sequences and reaction conditions: RT-qPCR and bisulfite pyrosequencing
RT-qPCR

Gene name and accession number Primer sequence (5’-3’)
Amplicon 

length  
(bp)

Annealing 
temperature 

(°C)

PCR  
efficiency 

(%)
CEACAM6 NM_002483 F: CGTCGGCATCACGATTGG

R: TGGGATTGGAGGAGCTAGAAG
127-i 61 100

UBC NM_021009 F: TCGCAGTTCTTGTTTGTG
R: GATGCCTTCCTTATCTTGG

150-i 55 100

ARNT NM_001668 F: TTGGCAGCACACTCTATG
R: C--CTCATTCGGCAAATAAACG

191-i 55 100

GAPDH NM_002046 F: GTCGGAGTCAACGGATT
R: CCTGGAAGATGGTGATGG

220 55 96

PCR reaction conditions: Initial polymerase activation 95°C for 15 min, next 40 cycles as follows: Denaturation: 
95°C for 20 sec, Annealing: 55 or 61 for 10 sec, Elongation and fluorescent data collection: 72°C for 20 sec. 
Melt curve: 50-95°C in 0.5°C/10 sec. increments + fluorescence data collection.

Bisulfite pyrosequencing

Gene name and amplicon position Primer sequence (5’-3’)
Amplicon 

length  
(bp)

Annealing 
temperature 

(°C)

Number of 
analyzed 

CGs
CEACAM6 chr19: 42260536-42260626 F: #ATTTTGGGGTAGGTTGTGGG

R: CACCACTACCAAACTCACTAT
S: ACCAAACTCACTATTAAATC

91 65 2

LINE-1 genome-wide F: TTTTGAGTTAGGTGTGGGATATA
R: #AAAATCAAAAAATTCCCTTTC
S: GGGTGGGAGTGAT

146 55 4

PCR reaction conditions: Initial heat activation: 95°C for 15 min, next 45 cycles as follows: Denaturation: 94°C 
for 30 sec, Annealing: 55 or 65°C for 30 sec, Elongation: 72°C for 30 sec ended with final elongation 72°C for 
10 min.
Letter “i” after the amplicon length indicates that the exon/exon boundary was inside the amplified sequence. The double 
hyphen in the primer sequence denotes the exon/exon boundary. #denotes primer with biotin. F: forward primer; R: reverse 
primer; S: sequencing primer.



CEACAM6 downregulation is a result of its hypermethylation in laryngeal cancer

1253 Am J Cancer Res 2018;8(7):1249-1261

qPCR reaction conditions are described in 
Table 2. The melting curve, PCR efficiency, PCR 
data analysis and the statistics were complet-
ed as described before [12]. Each gene was 
amplified in triplicate and non-specific PCR 
products were not observed. All LSCC samples 
showing CEACAM6 expression below the low-
est CEACAM6 expression observed in control 
samples were described as downregulated.

DNA copy number analysis-array-based com-
parative genomic hybridization (a-CGH)

The microarray-based DNA copy number data 
obtained and reported previously [1, 13] was 
used and was based on Human Genome CGH 
244K Microarrays (ten LSCC cell lines) and 
Human Genome CGH 44K Microarrays (three 
LSCC cell lines) (Agilent Technologies, Waldb- 
ronn, Germany). The gene position was deter-
mined according to UCSC Genome Browser 
database (NCBI36/hg18). To identify poten- 
tial DNA copy number alterations the mean  
log2ratio for chromosomal regions harboring 
CEACAM6 was evaluated. The range of the 
mean log2ratio between +0.5 and -0.5 was 
considered as normal. Log2ratio values below 
-0.5 were recognized as a potential deletion. 

Datamining-alterations in DNA sequence and 
gene copy number

The set of samples including 279 HNSCC cases 
from cBioPortal database was used to identify 
inactivating mutations in CEACAM6 sequence 
and changes in gene copy number (http://www.
cbioportal.org) [14-16]. Moreover the addi- 
tional data was obtained from the COSMIC 
database (Catalogue of Somatic Mutations  
in Cancer http://cancer.sanger.ac.uk/cosmic 
[17]). The screened set of samples included 
908 HNSCC cases, of which 26 were derived 
from larynx. 

DNA methylation analysis by bisulfite pyrose-
quencing

Purified DNA (500 ng) from each sample were 
bisulfite converted using the EpiTect DNA 
Modification Kit (Qiagen, Germany), according 
to the manufacturer’s protocol. The primers 
were designed using the PyroMark Assay 
Design Software 2.0. (Qiagen) as described 
elsewhere [10]. Amplified region: chr19:42- 
260536-42260626 (91 bp, GRCh37/hg19) 

was located in the second exon of CEACAM6, 
1168 bp downstream of the transcription start 
site. Two CG dinucleotides at genomic posi-
tions: CG1-chr19: 42260566-42260567; CG2-
chr19: 42260568-42260569 were analyzed 
for methylation level. The mean DNA methyla-
tion calculated for these two CG dinucleotides 
is referred to as gene DNA methylation. PCR 
reaction was performed using PyroMark PCR 
kit according to the protocol supplied (Qiagen, 
Germany). Primer sequences, annealing tem-
peratures and PCR reaction conditions are 
shown in Table 2. Pyrosequencing was  
performed using PyroMark Q24 sequencer 
(Qiagen) and the raw data were analyzed with 
PyroMarkQ24 software (ver. 2.0.6, Qiagen). 
Fully methylated and unmethylated controls 
were used in each run. The reaction mix (in 
total volume 25 µl) included as follows: 1 × 
PyroMark Master Mix (with HotStarTaq DNA 
Polymerase, 1 × PyroMark PCR Buffer and 
dNTPs), 10 pmol of each primer, 1 × CoralLoad 
Concentrate and 1 µl of converted DNA. 

To identify hypermethylated LSCC samples the 
cut off value (based on results collected for  
oral epithelium control samples) was estab-
lished by multiplying two times the mean stan-
dard deviation value of control samples meth-
ylation and adding the result to the highest 
value of DNA methylation observed among 
these controls. Additionally, dilution series of 
commercially available fully methylated DNA 
template (MET) in unmethylated DNA tem- 
plate (UM) from 0% to 100%, in 10% steps, 
were used to estimate the assay sensitivity.

DAC-induced inhibition of DNA methylation and 
validation by RT-qPCR and pyrosequencing 

In this part of a study, DNA and RNA extract- 
ed from two LSCC cell lines (UT-SCC-29 and 
UT-SCC-11) with induced inhibition of DNA 
methylation obtained in our other study was 
used [18, 19]. Cell lines were incubated with 
the DNA methyltransfrerase inhibitor: DAC 
(Sigma) added to culture medium in final con-
centrations 0.1 μM and 0.3 μM. The control 
samples were cultured under the same condi-
tions, but DAC solution was replaced by the 
equal volume of DAC solvent (50% acetic acid) 
as described recently [18, 19]. Additionally,  
the “mock” control (i.e. the cell line cultured 
without any treatment was applied). Each cul-
ture was continued until reached 80% conflu-
ence. The experiment was run in duplicate.
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Thereafter DNA methylation level of CEACAM6 
promotor was evaluated by bisulfite pyrose-
quencing analysis. DNA from both, control and 
DAC-induced LSCC cell lines, was purified and 
bisulfite converted with EZ DNA Methylation-
Gold Kit (Zymo Research, Irvine, USA), accord-
ing to the manufacturer’s protocol. Moreover, 
the global DNA methylation level was estimated 
by the analysis of LINE-1 (Long interspersed 
nucleotide element 1) DNA methylation. Pri- 
mers were designed in the same manner as 
described for CEACAM6 and their sequences 
are presented in Table 2. All the samples were 
run in triplicates. 

To estimate the changes in CEACAM6 expres-
sion in cell lines with DAC-induced inhibition of 
DNA methylation, total RNA was reverse tran-
scribed using Maxima First Strand cDNA 
Synthesis Kit (Thermo Scientific, USA), accord-
ing to manufacturer’s protocol. The qPCR was 
performed and GAPDH gene was used as a  
reference gene. Sequences of primers are list-
ed in Table 2. Total Human RNA served as a 
positive control of RT-qPCR reaction. The fold 
change of expression level was calculated  
from the ratio between CEACAM6 expression 
observed in DAC-treated cells versus controls 
(cells incubated with acetic acid).

Nucleic acids isolation, bisulfite pyrosequenc-
ing and RT-qPCR reactions performed in this 
part of the study were conducted using the 
same techniques as described earlier for un-
treated LSCC cell lines. 

Statistical analysis

CEACAM6 expression status of all studied cell 
lines was correlated with the clinical character-
istics: tumor stage (T), nodal involvement (N) 
and tumor differentiation status (G) of the 
tumors from which these cell lines were origi-
nated. All cell lines were derived from the 
M-negative (M0) tumors; hence this parameter 
was not considered. To assess the statistical 
significance of the observed changes in DNA 
methylation level and gene expression the 
Mann-Whitney U-test was used. The changes 
were considered significant if P<0.05.

For analysis of correlation of CEACAM6 expres-
sion with DNA methylation level the Pearson’s 
test has been used. The changes were consid-
ered significant if P<0.05.

Results

CEACAM6 gene is downregulated on mRNA 
level in LSCC 

A comparison of gene expression profiles 
between eleven LSCC cell lines, five primary 
tumor samples and three non cancer controls 
identified genes that are significantly downreg-
ulated in LSCC. One of the genes that fulfill  
the criteria established in this study was 
CEACAM6. Two tags are annotated to its se- 
quence (203757_s_at and 211657_at). Both  
of them showed a “Present” call for expression 
in all control samples, revealing that the gene  
is expressed in all of these samples, whereas  

Figure 1. The relative expression of CEACAM6 gene. Two tags assigned to gene sequence: 203757_s_at (A) and 
211657_at (B) are presented. Significantly downregulated expression of CEACAM6 in LSCC primary tumors and cell 
lines is shown (P<0.05; Mann Whitney U-test).
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a “Decrease” call from both tags in all 11 cell 
lines indicate transcriptional loss of the gene  
in LSCC. In tumor samples the 211657_at  
tag signposted a decrease in 5/5 and the 
203757_s_at tag in 4/5 cases, respectively. 
Thus, CEACAM6 was shown to be downregulat-
ed on mRNA level in all 11 (100%) LSCC cell 
lines and in 4/5 (80%) of primary tumor sam-
ples (Figure 1). 

Quantitative PCR confirms downregulation of 
CEACAM6 gene

To confirm the microarray-based expression 
results, the reverse transcription and qPCR 
were performed using RNA derived from the  
set of twenty-five LSCC cell lines and three non 
cancer controls. According to the criteria es- 
tablished in this study, mRNA expression level 
of CEACAM6 was downregulated in 14/25 
(56%) cell lines compared to controls. Mo- 
reover, the expression level was significantly 
downregulated in cell lines derived from recur-
rent tumors (U-test, P=0.048), but not from  
primary tumors (U-test, P=0.138), as compared 
to controls (Figure 2).

CEACAM6 copy number and DNA sequence 
are not altered in LSCC

To estimate the copy number of the gene we 
have analyzed a-CGH profiles performed on 

thirteen LSCC cell lines. Based on the aforede-
scribed criteria, we found that only in one cell 
line (UT-SCC-22) mean log2ratio value (-0.52) 
indicates a potential CEACAM6 heterozygous 
deletion. Therefore, we have extended our 
search and analyzed the additional set of data 
available on the cBioPortal. In set of 279 
HNSCC samples in the database no gene dele-
tion was reported. In line with these findings 
neither change of CEACAM6 copy number was 
reported in set of HNSCC, nor in LSCC samples 
in COSMIC database. These results drove us  
to a conclusion, that gene copy number loss is 
not the main molecular mechanism leading to 
CEACAM6 downregulation in LSCC. 

We have, moreover, screened the data from 
cBioPortal and COSMIC databases for potential 
inactivating point mutations in the CEACAM6 
sequence. Therein, missense mutations of the 
analyzed gene are rare with only one detected 
in cBioPortal database. In light of these find-
ings we have resigned from searching for inac-
tivating mutations in our group of samples.

CEACAM6 gene is hypermethylated in LSCC 
cell lines

Using bisulfite pyrosequencing we have found 
significant differences (U-test P=0.0001) in 
gene promoter DNA methylation in LSCC cell 
lines [n=25] and control samples [n=10]. The 
mean DNA methylation of CEACAM6 promoter 
in LSCC cell lines ranged between 31-97% 
(mean for all LSCC samples: 70%, SD=21) as 
compared to epithelial control samples, where 
it ranged between 18-55% (mean for all con- 
trol samples: 36%, SD=12). Based on the con-
trol samples the cut-off methylation level was 
determined to be at 78% and indicated hyper-
methylated samples. According to the outlined 
criteria the gene was hypermethylated in 9/25 
(36%) cell lines (Figure 3A). 

The dilution series of methylated and unmethyl-
ated standard have demonstrated nearly linear 
representation of DNA methylation levels (Fi- 
gure 3B), therefore this assay was not biased 
towards any of DNA template (methylated or 
unmethylated). 

Inhibition of CEACAM6 gene DNA methylation 
with demethylating agent results in restoration 
of its expression in LSCC cell lines

Two LSCC cell lines: UT-SCC-11 and -29 were 
used to prove a direct correlation between 

Figure 2. The RT-qPCR results. Box plots show the rel-
ative gene expression level in LSCC cell lines derived 
from primary and recurrent tumors and non cancer 
controls. One cell line: UT-SCC-6B was excluded from 
this analysis due to its metastatic origin. The Mann-
Whitney U-test was performed for statistical analysis. 
The logarithmic function (log10) was used for gene 
expression data normalization. 
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CEACAM6 promoter methylation and expres- 
sion. 

First, we analyzed the global DNA methylation 
level in the cell lines incubated with the DNA 
demethylating agent-DAC. Two DAC concentra-
tions: 0.1 μM and 0.3 μM were used. After  
the incubation the average LINE-1 DNA methyl-
ation level was decreased by 21% and 19% in 
UT-SCC-11 cell line and by 12% and 8% for 
UT-SCC-29 cell line (0.1 μM and 0.3 μM DAC 
respectively, both cell lines) (Figure 4A), show-
ing a global decrease of DNA methylation level 
in the analyzed cell lines.

Next, DNA methylation level of the promoter 
region of CEACAM6 was analyzed. Similarly,  
we observed reduction of DNA methylation by 
60% in the UT-SCC-11 cell line (treated with 
both DAC concentrations), as well as in the 
UT-SCC-29 cell line, that showed a reduction  
by 23% and 18% (0.1 μM and 0.3 μM DAC 
respectively). Noteworthy, one out of two ana-
lyzed CG dinucleotides was found unmethyl-
ated in UT-SCC-29 cell line (see Figure 3A).  

DNA methylation of the remaining CG was 
decreased by 44% and 38% in the 0.1 μM and 
0.3 μM DAC-induced cells respectively (Figure 
4B).

To verify the gene expression after inhibition of 
DNA methylation, the RNA extracted from the 
same cell lines were reverse transcribed and 
used for qPCR. We observed 3.18- and 3.71-
fold increase in CEACAM6 expression in the 
UT-SCC-11 cell line (0.1 μM DAC, 0.3 μM DAC, 
respectively) and 1.71- and 3.33-fold in the 
UT-SCC-29 cell line: (0.1 μM DAC, 0.3 μM DAC, 
respectively) (Figure 4C). 

Consequently, we have shown that DAC-in- 
duced decrease of CEACAM6 promoter meth-
ylation results in restoration of gene expres-
sion. We observed strong negative correlation 
between CEACAM6 expression and methyla-
tion level for the UT-SCC-11 cell line (Pearson’s 
test, R=-0.9654, P=0.008) and moderate neg-
ative correlation in the UT-SCC-29 cell line 
(Pearson’s test, R=-0.6354, P=0.25). Together, 
these data indicate that high DNA methylation 

Figure 3. Analysis of DNA methylation level based on bisulfite pyrosequencing. A: DNA methylation level of CEACAM6 
gene promoter region. Dotted horizontal line indicates the cut-off level (78%) above which samples are regarded as 
hypermethylated and marked with an asterix. BS: control DNA from buccal swabs samples, MET: fully-methylated 
standard; UM: unmethylated standard. B: DNA methylation analysis of serial dilution of fully methylated (MET) con-
trol for CEACAM6 gene. Each bar represents one CG dinucleotide.
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level impacts mRNA gene expression and con-
firms, that CEACAM6 downregulation observed 
in LSCC cell lines is the consequence of hyper-
methylation of its promoter region. 

CEACAM6 gene expression in LSCC cell lines 
correlates with tumors/patient’s clinico-histo-
logical data 

Expression of CEACAM6 was lower in the cell 
lines derived from recurrences (P=0.048), but 
not in cell lines derived from primary tumors 
(P=0.138) as compared to controls. The gene 
expression was significantly downregulated in 
highly advanced, less differentiated tumors 
(stages T3/T4 and G3) as compared to control 
samples (U-test, P=0.049, P=0.036 respec-
tively), but no significant difference between 
N0 and N+ cancer-derived cell lines was found. 
The correlation between gene expression level 
and patient survival time was performed, how-
ever no significant association was observed. 

Discussion

Understanding of genetic background of laryn-
geal cancer is crucial for improvement of diag-

nostic and prognostic tools. Searching for 
genes significantly deregulated in LSCC we 
have screened data obtained in our previous 
microarray-based expression analysis. We have 
focused on CEACAM6, downregulated in all 11 
LSCC cell lines and in 4/5 primary tumor sam-
ples analyzed with the use of microarrays. 
Under physiological conditions, this gene is 
involved in cell adhesion and its expression 
occurs in granulocytes and epithelial cells [20]. 
Most of authors report CEACAM6 upregula- 
tion in cancers [21], i.e. focal overexpression  
of CEACAM6 in head and neck cancer was 
shown by Cameron et al. [6, 7]. On the contrary, 
CEACAM6 expression was found significantly 
decreased in squamous cell lung cancer as 
compared to adenocarcinoma [22, 23]. The dis-
crepancies between our results and other  
published data encouraged us to investigate 
CEACAM6 expression in laryngeal cancer in 
more detail. 

The aims of this study were to analyze the 
expression of CEACAM6 in LSCC and deter- 
mine its correlation with cancer stage and 
grade. Moreover, we have made an attempt to 

Figure 4. DAC-induced inhibition of DNA methylation in LSCC cell lines. A: Global DNA methylation level in LSCC cell 
lines based on a LINE-1 sequence bisulfite pyrosequencing; B: CEACAM6 gene promoter DNA methylation level in 
LSCC cell lines treated with DAC; C: The changes in CEACAM6 gene expression level before and after DAC treatment, 
analyzed by RT-qPCR. DAC 0.1, DAC 0.3: 5-Aza-2’-deoxycytidine concentrations 0.1 μM and 0.3 μM respectively, AA 
0.1, AA 0.3: acetic acid controls for DAC 0.1 μM and 0.3 μM concentrations, respectively; MOCK: non-treated con-
trol, MET: fully-methylated standard; UM: unmethylated standard.
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identify the molecular mechanism leading to 
the observed CEACAM6 downregulation in 
LSCC. 

Importantly, we have confirmed the microarray 
results with RT-qPCR and observed a signifi-
cant decrease of gene expression in 14/25 
LSCC cell lines as compared to non cancer  
controls. The gene expression was lower in 
recurrent LSCC cell lines as compared to  
control samples (U test p=0.048). These re- 
sults are in contrary to the findings by Cameron 
et al. [7]. However, the cell lines and tumor 
samples used for the study cited above were 
derived mainly from tongue, lip and pharynx, 
but not from larynx. Moreover, authors report-
ed, that CEACAM6 expression varies in head 
and neck tumors, even in tumors of the same 
origin. In fact, we have also observed such  
heterogeneity of expression level in our study. 
Although, we have determined the average 
CEACAM6 downregulation in LSCC cell lines, 
we have also found that in one cell line (UT-SCC-
106A) the expression level surpassed the  
highest level observed in control samples. 
These findings may elucidate a partial disa- 
greement of our results compared to those 
published by Cameron et al. [7]. As was previ-
ously shown, CEACAM6 protein is strongly ex- 
pressed in bronchial epithelium and alveolar 
epithelium of lungs, but not in adventitia sub-
mucosa or blood vessel endothelium [24]. In 
our opinion, the expression level of CEACAM6 
observed in epithelial non cancer controls in 
our study is strongly reduced in the tumor  
samples as a result of the malignant trans- 
formation.

The literature data and our results encouraged 
us to investigate for possible mechanisms of 
the observed gene expression changes. With 
the application of array-CGH we have shown 
heterozygous deletion in only 1/25 cell lines.  
In line, neither the cBioPortal, nor the COSMIC 
data indicate recurrent CEACAM6 copy number 
alterations. The same holds true for missense 
mutations, observed only in 1 of total 1187 
cases collected in both databases. Thus, we 
have eliminated these mechanisms as poten-
tially responsible for CEACAM6 downregula- 
tion.

Therefore, in a further attempt to find the 
underlying silencing mechanism we have ana-

lyzed the gene promoter DNA methylation le- 
vel using bisulfite pyrosequencing. DNA hyper-
methylation leading to gene inactivation is a 
mechanism that commonly occurs during carci-
nogenesis [18, 25, 26]. The DNA hypermethyl-
ation (mean DNA methylation > 78%) found in 
CEACAM6 promoter in 9/25 (36%) LSCC sam-
ples allowed us to assume, that this mecha-
nism may play a pivotal role in decreasing its 
expression. In line with our data, CEACAM6  
was indicated as an epigenetic biomarker do- 
wnregulated as a consequence of recurrent 
hypermethylation in basal - like subtype of tri-
ple-negative breast cancer [27, 28]. To prove 
the assumption, that the gene is indeed epige-
netically silenced, we have inhibited DNA meth-
ylation in two LSCC cell lines, differing in their 
initial methylation status, with the use of DAC. 
In both cell lines, we have observed decrease 
in DNA methylation level of CEACAM6 promot-
er, resulting in restoration of its expression. 

These findings let us postulate, that DNA hy- 
permethylation is the main cause of CEACAM6 
silencing in LSCC.

As aforementioned, in the current study the  
significant downregulation of CEACAM6 was 
observed in LSCC cell lines derived from recur-
rent tumors. It occurs predominantly in adva- 
nced LSCC tumors (U test: T3/4 P=0.049,  
and G3 P=0.036), although, it is not signifi- 
cantly correlated with either lymph node me- 
tastases or patient’s survival. This finding is 
contradictory to previously published data. In 
pancreatic, colon or colorectal cancers, CEA- 
CAM6 is considered as an oncogene, based  
on its association with advanced tumor stage, 
deregulated cell polarization and differentia-
tion, higher risk of recurrence, patients’ lower 
overall and recurrence-free survival [4, 29-31]. 
Moreover, the gene is involved in promotion of 
EMT (Epithelial to Mesenchymal Transition), in 
vitro migration and invasion and in vivo metas-
tasis [32]. 

On the other hand, CEACAM6 was shown to be 
downregulated in basal breast cancer and bas-
al-like cancer cell lines [33]. Therein, cancer 
cells with observed CEACAM6 protein expres-
sion were less proliferative and less tumori- 
genic in nude mice as compared to cells  
without CEACAM6 expression. Likewise it  
was shown, that RNAi-based suppression of 
CEACAM6 decreased invasiveness of colon 
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cancer cell lines [30] and increased susceptibil-
ity to caspase-mediated anoikis in pancreatic 
adenocarcinoma cell lines [34]. Thus, the lack 
of metastasis, observed in our study may be 
due to sensitivity to anoikis after detaching 
from tumor. Therefore, we speculate that in 
LSCC cell lines CEACAM6 downregulation may 
facilitate cell proliferation and tumor growth 
and inhibit cell differentiation and metastasis for- 
mation. 

In summary, the altered gene expression  
level suggests the potential contribution of 
CEACAM6 in LSCC development. We have  
demonstrated, that changes in DNA methyla-
tion lead to gene silencing in LSCC cell lines. As 
a consequence, CEACAM6 downregulation 
might promote tumor growth, and to some 
extent, limit cell differentiation and migration.

Acknowledgements

This work was supported by the National 
Science Centre (Krakow, Poland), grant number 
N N403 153140. KB received a “Supportive 
scholarship for PhD candidates specializing in 
the fields considered as a strategic for the 
development of the Greater Poland region”, 
Human Capital Operational Programme for year 
2011/2012, Sub-measure 8.2.2 Human 
Capital Operational Programme, co-financed by 
European Union under the European Social 
Fund. For this work no funding from any type of 
organization concerning for health or medicine 
was received.

Disclosure of conflict of interest

None.

Address correspondence to: Malgorzata Jarmuz-
Szymczak, Institute of Human Genetics, Polish 
Academy of Sciences, Strzeszyńska 32, Poznań 
60-479, Poland. Tel: +48616579214; Fax: +486- 
18233235; E-mail: malgorzata.jarmuz-szymczak@
igcz.poznan.pl

References

[1] Giefing M, Zemke N, Brauze D, Kostrzewska-
Poczekaj M, Luczak M, Szaumkessel M, Pelin-
ska K, Kiwerska K, Tonnies H, Grenman R, Fi-
glerowicz M, Siebert R, Szyfter K and Jarmuz 
M. High resolution ArrayCGH and expression 
profiling identifies PTPRD and PCDH17/PCH68 
as tumor suppressor gene candidates in lar- 

yngeal squamous cell carcinoma. Genes Chro-
mosomes Cancer 2011; 50: 154-166.

[2] Jarmuz-Szymczak M, Pelinska K, Kostrzewska-
Poczekaj M, Bembnista E, Giefing M, Brauze D, 
Szaumkessel M, Marszalek A, Janiszewska J, 
Kiwerska K, Bartochowska A, Grenman R, 
Szyfter W and Szyfter K. Heterogeneity of 
11q13 region rearrangements in laryngeal 
squamous cell carcinoma analyzed by microar-
ray platforms and fluorescence in situ hybrid-
ization. Mol Biol Rep 2013; 40: 4161-4171.

[3] Duxbury MS, Ito H, Benoit E, Waseem T, Ashley 
SW and Whang EE. A novel role for carcinoem-
bryonic antigen-related cell adhesion molecule 
6 as a determinant of gemcitabine chemore-
sistance in pancreatic adenocarcinoma cells. 
Cancer Res 2004; 64: 3987-3993.

[4] Duxbury MS, Matros E, Clancy T, Bailey G, Doff 
M, Zinner MJ, Ashley SW, Maitra A, Redston M 
and Whang EE. CEACAM6 is a novel biomarker 
in pancreatic adenocarcinoma and PanIN le-
sions. Ann Surg 2005; 241: 491-496.

[5] Zang M, Zhang Y, Zhang B, Hu L, Li J, Fan Z, 
Wang H, Su L, Zhu Z, Li C, Yan C, Gu Q, Liu B 
and Yan M. CEACAM6 promotes tumor angio-
genesis and vasculogenic mimicry in gastric 
cancer via FAK signaling. Biochim Biophys  
Acta 2015; 1852: 1020-1028.

[6] Cameron SR, Dahler AL, Endo-Munoz LB, Jab-
bar I, Thomas GP, Leo PJ, Poth K, Rickwood D, 
Guminski A and Saunders NA. Tumor-initiating 
activity and tumor morphology of HNSCC is 
modulated by interactions between clonal vari-
ants within the tumor. Lab Invest 2010; 90: 
1594-1603.

[7] Cameron S, de Long LM, Hazar-Rethinam M, 
Topkas E, Endo-Munoz L, Cumming A, Gannon 
O, Guminski A and Saunders N. Focal overex-
pression of CEACAM6 contributes to enhanced 
tumourigenesis in head and neck cancer via 
suppression of apoptosis. Mol Cancer 2012; 
11: 74.

[8] Jarmuz M, Golusinski W, Grenman R and 
Szyfter K. Analysis of chromosome aberrations 
in cell lines derived from laryngeal cancer in 
relation to tumor progression. Eur Arch Otorhi-
nolaryngol 2002; 259: 269-273.

[9] Jarmuz M, Grenman R, Golusinski W and 
Szyfter K. Aberrations of 11q13 in laryngeal 
squamous cell lines and their prognostic sig-
nificance. Cancer Genet Cytogenet 2005; 160: 
82-88.

[10] Szaumkessel M, Richter J, Giefing M, Jarmuz 
M, Kiwerska K, Tonnies H, Grenman R, Heide-
mann S, Szyfter K and Siebert R. Pyrosequenc-
ing-based DNA methylation profiling of Fan- 
coni anemia/BRCA pathway genes in laryngeal 
squamous cell carcinoma. Int J Oncol 2011; 
39: 505-514.

mailto:malgorzata.jarmuz-szymczak@igcz.poznan.pl
mailto:malgorzata.jarmuz-szymczak@igcz.poznan.pl


CEACAM6 downregulation is a result of its hypermethylation in laryngeal cancer

1260 Am J Cancer Res 2018;8(7):1249-1261

[11] Chomczynski P and Sacchi N. The single-step 
method of RNA isolation by acid guanidi- 
nium thiocyanate-phenol-chloroform extrac-
tion: twenty-something years on. Nat Protoc 
2006; 1: 581-585.

[12] Kostrzewska-Poczekaj M, Giefing M, Jarmuz M, 
Brauze D, Pelinska K, Grenman R, Barto-
chowska A, Szyfter W and Szyfter K. Recurrent 
amplification in the 22q11 region in laryngeal 
squamous cell carcinoma results in overex-
pression of the CRKL but not the MAPK1 onco-
gene. Cancer Biomark 2010; 8: 11-19.

[13] Giefing M, Martin-Subero JI, Kiwerska K, Jar-
muz M, Grenman R, Siebert R and Szyfter K. 
Characterization of homozygous deletions in 
laryngeal squamous cell carcinoma cell lines. 
Cancer Genet Cytogenet 2008; 184: 38-43.

[14] Gao J, Aksoy BA, Dogrusoz U, Dresdner G, 
Gross B, Sumer SO, Sun Y, Jacobsen A, Sinha 
R, Larsson E, Cerami E, Sander C and Schultz 
N. Integrative analysis of complex cancer ge-
nomics and clinical profiles using the cBioPor-
tal. Sci Signal 2013; 6: pl1.

[15] Cerami E, Gao J, Dogrusoz U, Gross BE, Sumer 
SO, Aksoy BA, Jacobsen A, Byrne CJ, Heuer ML, 
Larsson E, Antipin Y, Reva B, Goldberg AP, 
Sander C and Schultz N. The cBio cancer ge-
nomics portal: an open platform for exploring 
multidimensional cancer genomics data. Can-
cer Discov 2012; 2: 401-404.

[16] Cancer Genome Atlas Network. Comprehen-
sive genomic characterization of head and 
neck squamous cell carcinomas. Nature 2015; 
517: 576-582.

[17] Forbes SA, Beare D, Boutselakis H, Bamford S, 
Bindal N, Tate J, Cole CG, Ward S, Dawson E, 
Ponting L, Stefancsik R, Harsha B, Kok CY, Jia 
M, Jubb H, Sondka Z, Thompson S, De T and 
Campbell PJ. COSMIC: somatic cancer genet-
ics at high-resolution. Nucleic Acids Res 2017; 
45: D777-D783.

[18] Kiwerska K, Szaumkessel M, Paczkowska J, 
Bodnar M, Byzia E, Kowal E, Kostrzewska-Poc-
zekaj M, Janiszewska J, Bednarek K, Jarmuz-
Szymczak M, Kalinowicz E, Wierzbicka M, 
Grenman R, Szyfter K, Marszalek A and Giefing 
M. Combined deletion and DNA methylation 
result in silencing of FAM107A gene in laryn-
geal tumors. Sci Rep 2017; 7: 5386.

[19] Byzia E, Soloch N, Bodnar M, Szaumkessel M, 
Kiwerska K, Kostrzewska-Poczekaj M, Jarmuz-
Szymczak M, Szylberg L, Wierzbicka M, Barto-
chowska A, Kalinowicz E, Grenman R, Szyfter 
K, Marszalek A and Giefing M. Recurrent tran-
scriptional loss of the PCDH17 tumor suppres-
sor in laryngeal squamous cell carcinoma is 
partially mediated by aberrant promoter DNA 
methylation. Mol Carcinog 2018; 57: 878-885.

[20] Scholzel S, Zimmermann W, Schwarzkopf G, 
Grunert F, Rogaczewski B and Thompson J. 
Carcinoembryonic antigen family members 
CEACAM6 and CEACAM7 are differentially ex-
pressed in normal tissues and oppositely de-
regulated in hyperplastic colorectal polyps and 
early adenomas. Am J Pathol 2000; 156: 595-
605.

[21] Johnson B and Mahadevan D. Emerging role 
and targeting of carcinoembryonic antigen-re-
lated cell adhesion molecule 6 (CEACAM6) in 
human malignancies. Clin Cancer Drugs 2015; 
2: 100-111.

[22] Molina-Pinelo S, Gutierrez G, Pastor MD, Her-
gueta M, Moreno-Bueno G, Garcia-Carbonero 
R, Nogal A, Suarez R, Salinas A, Pozo-Rodri-
guez F, Lopez-Rios F, Agullo-Ortuno MT, Ferrer 
I, Perpina A, Palacios J, Carnero A and Paz-Ares 
L. MicroRNA-dependent regulation of tran-
scription in non-small cell lung cancer. PLoS 
One 2014; 9: e90524.

[23] Blumenthal RD, Leon E, Hansen HJ and Gold-
enberg DM. Expression patterns of CEACAM5 
and CEACAM6 in primary and metastatic can-
cers. BMC Cancer 2007; 7: 2.

[24] Klaile E, Klassert TE, Scheffrahn I, Muller MM, 
Heinrich A, Heyl KA, Dienemann H, Grunewald 
C, Bals R, Singer BB and Slevogt H. Carcinoem-
bryonic antigen (CEA)-related cell adhesion 
molecules are co-expressed in the human lung 
and their expression can be modulated in 
bronchial epithelial cells by non-typable Hae-
mophilus influenzae, Moraxella catarrhalis, 
TLR3, and type I and II interferons. Respir Res 
2013; 14: 85.

[25] Gaykalova DA, Zizkova V, Guo T, Tiscareno I, 
Wei Y, Vatapalli R, Hennessey PT, Ahn J, Danilo-
va L, Khan Z, Bishop JA, Gutkind JS, Koch WM, 
Westra WH, Fertig EJ, Ochs MF and Califano 
JA. Integrative computational analysis of tran-
scriptional and epigenetic alterations impli-
cates DTX1 as a putative tumor suppressor 
gene in HNSCC. Oncotarget 2017; 8: 15349-
15363.

[26] Younesian S, Shahkarami S, Ghaffari P, Aliza-
deh S, Mehrasa R, Ghavamzadeh A and Ghaf-
fari SH. DNA hypermethylation of tumor sup-
pressor genes RASSF6 and RASSF10 as 
independent prognostic factors in adult acute 
lymphoblastic leukemia. Leuk Res 2017; 61: 
33-38.

[27] Roll JD, Rivenbark AG, Jones WD and Coleman 
WB. DNMT3b overexpression contributes to a 
hypermethylator phenotype in human breast 
cancer cell lines. Mol Cancer 2008; 7: 15.

[28] Roll JD, Rivenbark AG, Sandhu R, Parker JS, 
Jones WD, Carey LA, Livasy CA and Coleman 
WB. Dysregulation of the epigenome in triple-



CEACAM6 downregulation is a result of its hypermethylation in laryngeal cancer

1261 Am J Cancer Res 2018;8(7):1249-1261

negative breast cancers: basal-like and clau-
din-low breast cancers express aberrant DNA 
hypermethylation. Exp Mol Pathol 2013; 95: 
276-287.

[29] Ilantzis C, DeMarte L, Screaton RA and Stan-
ners CP. Deregulated expression of the human 
tumor marker CEA and CEA family member 
CEACAM6 disrupts tissue architecture and 
blocks colonocyte differentiation. Neoplasia 
2002; 4: 151-163.

[30] Kim KS, Kim JT, Lee SJ, Kang MA, Choe IS, 
Kang YH, Kim SY, Yeom YI, Lee YH, Kim JH, Kim 
KH, Kim CN, Kim JW, Nam MS and Lee HG. 
Overexpression and clinical significance of  
carcinoembryonic antigen-related cell adhe-
sion molecule 6 in colorectal cancer. Clin Chim 
Acta 2013; 415: 12-19.

[31] Deng X, Liu P, Zhao Y and Wang Q. Expression 
profiling of CEACAM6 associated with the tu-
morigenesis and progression in gastric adeno-
carcinoma. Genet Mol Res 2014; 13: 7686-
7697.

[32] Chen J, Li Q, An Y, Lv N, Xue X, Wei J, Jiang K, 
Wu J, Gao W, Qian Z, Dai C, Xu Z and Miao Y. 
CEACAM6 induces epithelial-mesenchymal 
transition and mediates invasion and metasta-
sis in pancreatic cancer. Int J Oncol 2013; 43: 
877-885.

[33] Balk-Moller E, Kim J, Hopkinson B, Timmer-
mans-Wielenga V, Petersen OW and Villadsen 
R. A marker of endocrine receptor-positive 
cells, CEACAM6, is shared by two major class-
es of breast cancer: luminal and HER2-en-
riched. Am J Pathol 2014; 184: 1198-1208.

[34] Duxbury MS, Ito H, Zinner MJ, Ashley SW and 
Whang EE. CEACAM6 gene silencing impairs 
anoikis resistance and in vivo metastatic abili-
ty of pancreatic adenocarcinoma cells. Onco-
gene 2004; 23: 465-473.


