
Abstract. Background/Aim: Metastatic prostate cancer 
(mPCa) results in high morbidity and mortality. Visceral 
metastases in particular are associated with a shortened 
survival. Our aim was to unravel the molecular mechanisms 
that underly pulmonary spread in mPCa. Materials and 
Methods: We performed a comprehensive transcriptomic 
analysis of PCa lung metastases, followed by functional 
validation of candidate genes. Digital gene expression 
analysis utilizing the NanoString technology was performed 
on mRNA extracted from formalin-fixed, paraffin-embedded 
(FFPE) tissue from PCa lung metastases. The gene 
expression data from primary PCa and PCa lung metastases 
were compared, and several publicly available bioinformatic 
analysis tools were used to annotate and validate the data. 
Results: In PCa lung metastases, 234 genes were 
considerably up-regulated, and 78 genes were significantly 
down-regulated when compared to primary PCa. 
Carcinoembryonic antigen-related cell adhesion molecule 6 
(CEACAM6) was identified as suitable candidate gene for 
further functional validation. CEACAM6 as a cell adhesion 
molecule has been implicated in promoting metastatic 

disease in several solid tumors, such as colorectal or gastric 
cancer. We showed that siRNA knockdown of CEACAM6 in 
PC-3 and LNCaP cells resulted in decreased cell viability 
and migration as well as enhanced apoptosis. 
Comprehensive transcriptomic analyses identified several 
genes of interest that might promote metastatic spread to the 
lung. Conclusion: Functional validation revealed that 
CEACAM6 might play an important role in fostering 
metastatic spread to the lung of PCa patients via enhancing 
proliferation, migration and suppressing apoptosis in PC-3 
and LNCaP cells. CEACAM6 might pose an attractive 
therapeutic target to prevent metastatic disease. 
 
The majority of patients with prostate cancer (PCa) can be 
cured of their condition. When it comes to metastatic spread, 
the lung is the second most prevalent location after bones 
(1). PCa lung metastasis causes significant morbidity and 
mortality, and patients experience coughing, shortness of 
breath, and pleural effusion, all of which have a negative 
impact on their quality of life (2). There is consequently an 
urgent need for more clinical investigations to study the 
mechanisms behind metastatic disease and develop effective 
treatment strategies for patients suffering from metastasis 
diseases. Metastatic spread is a complicated, multistep 
process that was first proposed as a seed and soil concept in 
1889 by Dr. Paget (3); however, since that time, the concept 
has undergone significant expansion (3, 4). 

Unraveling the processes of PCa progression and 
metastatic spread might lead to a better understanding and 
ultimately better treatment or even prevention of lung 
metastases. We recently performed a comprehensive 
transcriptomic analysis of PCa lung metastasis. Interestingly, 
carcinoembryonic antigen cell adhesion molecule 6 
(CEACAM6) was one of the candidate genes shown to be 
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overexpressed in PCa lung metastases, with levels more than 
8-fold higher in lung metastases than bone metastases, when 
primary PCa was used as the reference.  

CEACAM6 or CD66c belongs to a large family of adhesion 
molecules, which in turn belong to the immunoglobulin 
supergene family. Structurally, they have an extracellular 
domain and are anchored to the cell membrane (5). In normal 
tissues CEACAM6 is expressed on the surface of epithelial and 
myeloid cells (6). CEACAMs family have several biological 
functions, including immune response, angiogenesis, and 
pathogen receptors (7). Recently, CEACAMs family members 
were implicated in different types of cancer progression and 
tumorigenesis (8). For instance, CEACAM6 expression was 
reported as an adverse factor of overall survival in colorectal 
cancer (9); subsequently other research revealed that the 
expression of CEACAM6 mRNA has a significant role in 
predicting the peritoneal recurrence of gastric cancer (10). 
Another study found that non-invasive atypical breast lesions 
with high CEACAM6 expression exhibit a greater risk of 
progressing to invasive breast cancer (11). Furthermore, it has 
been found that CEACAM6 exerts its tumorigenic properties 
by enhancing adhesion and invasion in tumor and cancer cells 
(12). Currently, CEACAM6 has reported as an attractive 
target for antibody-conjugated and monoclonal therapies in 
cancer treatment due to its surface structure (13). However, 
there is little evidence implicating CEACAM6 in PCa 
progression and metastases. In one comprehensive study, 
Blumenthal et al. reported the elevation of CEACAM6 
expression in a variety of solid tumors, including primary 
PCa tumors, suggesting potential involvement in metastasis 
spread (14). Based on the characteristics of cancer cells, PCa 
development is related to decreased cell apoptosis and 
enhanced cell viability, proliferation, and migration, which 
appear to be key criteria for the assessment of PCa cell 
functions (15, 16). Given the potential importance of 
CEACAM6 in tumorigenesis and metastatic spread, we 
performed a comprehensive transcriptomic analysis of PCa 
lung metastases to identify CEACAM6 as the gene of interest, 
followed by functional validation on PCa cells (PC-3 and 
LNCaP) to determine CEACAM6 roles for PCa lung 
metastatic spread. The initial part of our study on PC-3 cells 
has been published as a preprint (17). 

 
Materials and Methods 

 
Ethics. This study was approved by the Ethics Committee of the 
University of Luebeck (project code 18-053, date of approval: 
March 2nd, 2018, date of amendment: June 17th, 2020). All methods 
in this study were performed in accordance with the relevant 
guidelines and regulations approved by University of Luebeck and 
University Hospital Schleswig-Holstein (UKSH) Luebeck. 
 
FFPE samples. Formalin-fixed and paraffin-embedded (FFPE) 
material from primary prostate cancer along with prostate cancer 

lung and bone metastases (29 cases each) were selected from the 
archives of the Institute of Pathology, University Hospital 
Schleswig-Holstein (UKSH) Luebeck and the Research Center 
Borstel, Germany. Diagnosis of prostate cancer lung metastases was 
confirmed by a board-certified pathologist. Both primary and 
metastatic tumor samples were available for each patient.  

 
mRNA extraction from FFPE. Hematoxylin and eosin (H&E) 
stained slides were evaluated by a pathologist (VS, AO) for tumor 
cell content and subsequently annotated for macrodissection. mRNA 
extraction was performed according to the standard protocols as we 
have described previously in detail (18). Briefly, the paraffin blocks 
were sectioned into 8 μm cuts and each slide was compared with 
the annotated H&E slide. Marked cancer tissue was scraped off with 
a scalpel and transferred directly to lysis buffer into an RNAase-
free tube. RNA was isolated using the automatic bead-based 
Maxwell RSC RNA FFPE Kit (AS1440, Promega Corporation, 
Madison, WI, USA) according to the manufacturer’s instructions. 
The RNA was eluted in water and then measured with Qubit™ (Life 
Technologies GmbH, Darmstadt, Germany). The RNA samples were 
divided into 7 μl aliquots and stored at −80˚C. Extracts with RNA 
concentrations of at least 10 ng/μl and sufficient RNA integrity with 
at least 90% of the fragments longer than 100 nucleotides were 
considered as suitable for gene expression analysis. 

 
Digital gene expression analysis. Digital gene expression analysis 
using the Nanostring platform was performed as previously 
described (19, 20). A commercially available gene panel (nCounter 
PanCancer Progression Panel) consisting of 770 genes implicated 
in cancer progression and metastasis was employed. This gene 
panel consists of 277 angiogenesis-, 254 extracellular matrix-, 269 
epithelial-mesenchymal transition, and 173 metastasis-related 
genes. Data were analyzed using the nSolver advanced analysis 
software provided by Nanostring (NanoString Tech. Inc., Seattle, 
WA, USA) (21).  

 
Cell culture. For this work, we used the human PC-3 and LNCaP 
cell lines which were purchased from ATCC (Manassas, VA, USA) 
and maintained according to the provider’s instructions. After 
thawing, the PC-3 cells were incubated at 37˚C with 5% CO2 in 
DMEM medium (Gibco, Thermo Fisher Scientific Inc., Darmstadt, 
Germany) and the LNCaP cells were incubated at 37˚C with 5% 
CO2 RPMI medium (Gibco, Thermo Fisher Scientific Inc.). Both 
mediums were supplemented with 10% FBS and 1% penicillin-
streptomycin (Gibco, Thermo Fisher Scientific Inc.). After reaching 
confluency of roughly 80% (3-7 days of incubation), the cells were 
washed with PBS two times and then detached from the culture 
dishes with the help of Accutase® or trypsin (ICT Inc., San Diego, 
CA, USA). The trypsinization was stopped by adding the 
DMEM/RPMI medium supplemented with 10% FBS and 1% 
penicillin-streptomycin to the cells respectively. The accruing 
suspension was then centrifugated at 800-1000 U/min at RT 
temperature for 10 min, then the supernatant was aspirated, and the 
pellet was resuspended in the respective medium. To measure the 
final cell concentrations of both cell lines, Pierce™ BCA Protein 
Assay Kit (Pierce, Thermo Fisher Scientific Inc.) was used 
according to the manufacturer’s user guide. The suspension was 
split into bigger culture bottles or cultured into 6 well plates with 
300K to 500K cells per well, respectively. Mycoplasma test was 
performed for detection of possible contaminations.  
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siRNA transfection in PC-3 and LNCaP cells. CEACAM6 silencing 
was performed in PC-3 and LNCaP cells using Silencer® Select 
siRNAs purchased from Ambion® (Ambion, Thermo Fisher 
Scientific Inc.) targeting CEACAM6 mRNA and scrambled RNA 
(Ambion, Thermo Fisher Scientific Inc.) as a non-targeting negative 
control. Cells were seeded into 6-well plates (300K-500K cells/well) 
and transfected in 2 ml of antibiotic-free medium with the 
transfection complex including 100 nM siRNA diluted in 300 
μl/well of Opti-MEM™ medium (Gibco, Thermo Fisher Scientific 
Inc.) along with 5-7 μl/well Lipofectamine® 2000 (Thermo Fisher 
Scientific Inc.). After 5-6 h the medium was replaced with fresh and 
normal medium respectively.  

siRNA sequences were as following: CEACAM6 siRNA1, (sense 
5’-ACUAAGUUGUAGAAAUUAATT-3’, antisense 5’-UUAAUU 
UCUACAACUUAGUCT-3’); CEACAM6 siRNA2, (sense 5’-CCAC 
UGCCAAGCUCACUAUTT-3’, antisense: 5’-AUAGUGAGCUUG 
GCAGUGGTT-3’); negative control, (sense 5’-UUCUCCGAACGU 
GUCACGUTT-3’, and antisense 5’-ACGUGACACGUUCGGAGA 
ATT-3’). 

 
Protein isolation and western blot analysis. Cells were detached 
from the culture bottles with trypsin and centrifugated at 1,000 rpm 
for 10 min. The supernatant was aspirated, and the cells were 
resuspended in warm PBS and again centrifugated at the same 
conditions as before. For protein isolation, a stock solution of 98% 
RIPA-buffer (Thermo Fisher Scientific Inc.) 1% of each protease-
inhibitor (Cat. No. 87785) and 1% of phosphatase-inhibitor (Cat. 
No. 78440) was used. The cells were washed with cold PBS and 
resuspended in RIPA lysis buffer. This mixture incubated for 30 min 
stored on ice and then was centrifugated at 14,000 rpm at 4˚C for 
10 min. The supernatant was collected. 

For the protein assay, the Pierce™ BCA Protein Assay Kit was 
utilized. For that purpose, 9 μl of RIPA-buffer were put in each well 
of a 96-well plate and 1 μl protein-extract was added to each well. 
The working solution was added, and the plate was incubated at 
37˚C for 30 min. The protein concentration of the samples was 
calculated based on the absorbance of the TECAN Spark® (Tecan 
Trading AG, Männedorf, Switzerland). 

For western blot analysis, 30 μg of total protein was used for each 
line. After separating the isolated protein in 10 to 12% SDS 
polyacrylamide gel, they were transferred to a polyvinylidene 
fluoride membrane of 0.45 μm. The reaction was blocked with TBS-
T buffer containing 6% non-fat dry milk and incubated with anti-
CEACAM6, dilution 1:1,000 CEACAM6 recombinant rabbit 
monoclonal antibody (Cat. No. MA5-37801, Thermo Fisher 
Scientific Inc.) overnight at 4˚C. The abundant antibody-mixture was 
then washed off the membranes using TBS-T buffer in 3 cycles of 
10 min each. Subsequently, anti-mouse IgG dilution 1:5,000 (Goat-
anti-mouse IgG HRP, Cat. No. 31430, Thermo Fisher Scientific Inc.) 
was added to the washed membranes as a secondary antibody and 
the membranes were left for another hour of incubation at room 
temperature. After incubation, the membranes were washed for 10 
min 5 ties in a row. The ECL substrate was used for illustration of 
the specific immune-reactive signals. Afterwards, the membranes 
were stripped, and beta-actin was added at 1:50000 (Cat. No. MA5-
15739, Thermo Fisher Scientific Inc.) to the membranes as a positive 
control. The membranes were treated as described above. 

 
CCK-8 assay. Cells were seeded into a 96-well plate at a density of 
103-104 cells/well within 100 μl DMEM medium and incubated at 

37˚C and 5% CO2 for 24 h. Afterwards 10 μl of the CCK8 working 
solution were added to the wells and incubated under the same 
conditions again for 6 h. Then, 10 μl of CCK-8 were added to each 
well and the plate was incubated for 3 h one more time. Before 
measurement, the content of the wells was carefully mixed to make 
sure the color is distributed equally all over the well. The 
absorbance of the mixture in each well was then measured at a 
wavelength of 450 nm using a microplate reader. 
 
Cell apoptosis assay (Caspase-3 activity). For the cell apoptosis 
assay, the Caspase-3/CPP32 Colorimetric Assay Kit (BioVision, 
Abcam, Cambridge, UK) was used according to the manufacturer’s 
protocol. For the assay, apoptosis was induced in the cells and 
pellets of about 1×106 cells were resuspended in the cell lysis 
buffer. This mixture was positioned on ice to incubate for 10 min. 
After incubation the mixture was centrifugated and the supernatant 
was isolated for further usage. The extract was mixed with cell lysis 
buffer, 2X Reaction Buffer and 4 mM DEVD-pNA substrate and 
then left for incubation for about 1-2 h at 37˚C. The absorbance of 
the mixture in each well was measured at 405 nm wavelength by 
the help of TECAN Spark®. 
 
Cell migration (cell scratch assay). For the cell migration assay, we 
used the well-known classical method. Briefly, the cells were seeded 
into a 6-well plate at 1×105 cells per well (two to three replicates 
per group). When the cells were 70-80% confluent, the transfection 
was performed according to the above-mentioned siRNA methods 
and after 6 h, the medium was removed and replaced with serum 
and antibiotics-free medium. Following starvation for 24 h, the 
monolayer cells were scratched (at least 2-3 even scratches per well) 
using a 200 μl pipette tip and washed three times with PBS to 
remove the detached and dead cells. Images were taken 0 and 24 h 
post-transfection (every 24 h after transfection until 48 h as 
maximum duration) under a light microscope, to measure the post-
wounding widths of the scratches. At the end, the ratio of cell 
migration was calculated as following:  

Cell migration rate=(scratch width at 0h - scratch width at 
24/12h)/scratch width at 0 h. 

 
Bioinformatics and statistical analyses. Several bioinformatic tools 
were manually applied for data enrichment and annotation. In 
particular, PANTHER (pantherdb.org) for information about the 
biological process, KEGG PATHWAY database (genome.jp/keg) for 
information about the pathways, Metascape (metascape.org) for 
information about the molecular function and Cytoscape 
(https://cytoscape.org) to calculate the key sub-clusters in the entire 
PPI network and the seed genes in each sub-cluster. An independent 
sample t-test was used to compare differences in mRNA counts in 
prostate cancer lung metastases and primary prostate cancer. 
Differentially expressed genes (DEGs) with log2 fold change >0 are 
considered as the meaningful and significantly expressed DEGs. 
Default parameters were set for calculation when STRING and 
MCODE were used. R (version 3.6.3) was used for graphing and 
data presentation. 

Two samples were compared by utilization of student’s two-
tailed t-test. Comparisons of three or more samples were performed 
by usage of the one-way ANOVA with Tukey post hoc test. As a 
cutoff for statistical significance a p-Value of 0.05 was used. Data 
are shown as the mean and standard deviation. NanoString nSolver® 
analysis software v4.0 was used for analyzing Nanostring data and 
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Prism® 6 (GraphPad Software Inc., San Diego, CA, USA) was used 
for statistical analyses. Sample sizes are mentioned in each figure. 

 
Results 
 
Transcriptomic expression of CEACAM6 in PCa lung 
metastasis. We performed a comprehensive transcriptome 
analysis of PCa lung metastases versus primary PCa tumors. 
Using NanoString nCounter technology, 24 of the 29 
available FFPE produced mRNA in sufficient quantity and 
quality to effectively execute digital gene expression analysis 
(DGE). Setting primary PCa as a reference, we discovered 
that in PCa lung metastases 234 genes were significantly up-
regulated, whereas 78 genes were considerably down-
regulated (Supplementary Table I). Among these genes, we 
selected the top ten most significantly up-regulated and 
down-regulated differentially expressed genes (DEGs) 
(Figure 1A, B). Our bioinformatic analyses revealed that 
CEACAM6, based on fold change and p-value, had the 
highest score in PCa lung metastases versus primary PCa 
tumors (Figure 1C). The results for enrichment analyses are 
available in Supplementary Figure 1. 
 
CEACAM6-targeting siRNAs efficiently suppress CEACAM6 
expression in PC-3 and LNCaP cells. Given that PCa 
progression is associated with reduced cell apoptosis and 
increased cell viability, proliferation, and migration, we 

assessed the effect of CEACAM6 on these functions. For 
this purpose, we first established an efficient siRNA 
knockdown in PC-3 and LNCaP cells to assess the functional 
alteration caused by CEACAM6 knockdown in these cells. 

To investigate the effect of CEACAM6 silencing on PC-
3 and LNCaP cells, the cells were transfected with different 
sequences of CEACAM6-siRNA. As a result, CEACAM6-
siRNAs provided very high efficiency of gene expression 
knockdown in PC-3 and LNCaP cells (Figure 2A, B). Our 
siRNA experiment demonstrated more than 85% 
knockdown efficiency in PC-3 cells and 60% in LNCaP 
cells when compared to scrambled siRNA used as control 
(Figure 2C, D).  

 
Knockdown of CEACAM6 elevated caspase-3 mediated 
apoptosis in PC-3 and LNCaP cells. It has previously been 
proposed that activation of caspase-3 is one of the key apoptotic 
mediators in PC-3 as well as LNCaP cells (22, 23). To 
determine the apoptotic properties in CEACAM6 knockdown in 
these cells, we performed a caspase-3 assay 48 h after 
transfection by using a colorimetric caspase-3 activity kit. Our 
result demonstrated that caspase-3 activity was significantly 
increased in CEACAM6 knockdown PC-3 and LNCaP cells 
compared to scrambled and WT cells (Figure 3A, B). 

CEACAM6 knockdown inhibits the cell viability and 
proliferation in PC-3 and LNCaP cells. Transfected PC-3 
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Figure 1. Differentially expressed genes (DEGs) from transcriptome analysis of PCa lung metastasis. (A) Top 10 significantly up-regulated DEGs 
of PCa lung metastasis versus primary PCa based on fold change. (B) Top 10 significantly down-regulated DEGs of PCa lung metastasis versus 
primary PCa based on fold change. (C) Volcano plot representing the significant top 10 up- and down-regulated DEGs of PCa lung metastasis 
versus primary PCa based on fold change and p-Value; red dots represent up-regulated genes and blue dots represent down-regulated genes. n=24 
FFPE samples of primary and metastatic PCa (24 out of 29 FFPE produced mRNA in sufficient quantity and quality).
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Figure 2. CEACAM6-targeting siRNA effectively silences the expression of CEACAM6 in PC-3 and LNCaP cells. (A, B) Representative western 
blots of successful CEACAM6 knockdown in PC-3 and LNCaP cells. (C, D) Quantification of the efficacy of siCEACAM6 in human PC-3 and 
LNCaP cells. n=6 in each group. **p<0.01 and ***p<0.001 compared to the respective controls. Data were analyzed by Student’s t-test and are 
shown as mean±standard error of the mean (SEM).

Figure 3. Effects of CEACAM6 knockdown on the caspase-3 mediated apoptosis in PC-3 and LNCaP cells. Caspase-3 activity was detected by the 
caspase-3 assay kit. The absorbance at 405 nm was monitored 48 h after siRNA transfection in PC-3 (A) and LNCaP cells (B). n=7 in each group. 
**p<0.01, ***p<0.001 and ****p<0.0001 compared to the respective controls. Data were analyzed by one-way ANOVA with Tukey test and shown 
as mean±standard error of the mean (SEM).



and LNCaP cells with CEACAM6-siRNA were assessed for 
the cell viability and proliferation assay by using the CCK-
8 assay kit right after 48 h of transfection, using WT cells 
with no treatment and scrambled RNA (scrRNA) as controls. 
When compared to the controls, CEACAM6 knockdown PC-
3 and LNCaP cells showed a substantial reduction in cell 
viability and proliferation in both cell lines (Figure 4A, B). 
 
CEACAM6 knockdown significantly diminished cell migration 
in PC-3 and LNCaP cells. Furthermore, we also investigated 
the effect of CEACAM6 knockdown on the migration activities 
of PC-3 and LNCaP cells in terms of cell migration assay. To 
distinguish between the real migrant cells and proliferated cells, 
we minimized the basic proliferation ratio of the cells by using 
a serum-free growth medium during the scratch assay 
assessment. Our results showed that after 48 h of incubation 
post-transfection, the ratio of the migratory cells (PC-3 and 
LNCaP) with CEACAM6 knockdown was significantly lower 
than that of the control groups (Figure 5A-D). 
 
Discussion 
 
We have performed a comprehensive gene expression 
analysis of PCa lung metastases using a digital comparative 
gene screening approach to unravel the unique transcriptional 
regulation of PCa pulmonary metastases. We identified a 

significant elevation of CEACAM6 in PCa lung metastases 
versus primary PCa. We next performed functional validation 
experiments using the classical siRNA to knockdown 
CEACAM6 in PC-3 and LNCaP cell lines. We have selected 
PC-3 and LNCaP cell lines in our functional studies, because 
they are a well-known in vitro experimental model for 
advanced PCa (24). We were able to demonstrate that 
CEACAM6 silencing altered functional hallmarks of PCa cells 
(PC-3 and LNCaP) including cell viability, proliferation, 
apoptosis, and cell migration, resulting in a less aggressive 
phenotype. Interestingly, our findings are consistent with 
some of previous investigations, where CEACAM6 was 
investigated in other type of cancer cells (12). Although the 
significance of CEACAM6 in PCa progression has yet to be 
thoroughly established, to the best of our knowledge, this is 
the first functional investigation that gives evidence that 
CEACAM6 does actually promote PCa aggressiveness to 
enable pulmonary spread. Meanwhile, in a very recent work 
by another group (25), CEACAM6 was reported as a 
significant up-regulated DEG in both lung and liver as 
visceral metastatic sites for PCa, which might offer additional 
relevance to our comparative analysis findings. 

One criticism of the current study might be a lack of 
appropriate in vivo models. Unfortunately, in vivo models for 
metastatic diseases are extremely rare and difficult to obtain; 
so, in this investigation, we were unable to offer a complete in 
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Figure 4. Effects of CEACAM6 depletion on cell viability and proliferation of PC-3 and LNCaP cells. (A) PC-3 cell viability quantification by CCK-
8 assay. The absorbance at 450 nm was monitored 48 h after siRNA transfection of PC-3 cells; n=10 in each group. (B) LNCaP cell viability 
quantification by CCK-8 assay. The absorbances at 450 nm was monitored 48 h after siRNA transfection of LNCaP cells; n=13 in each group. 
*p<0.05 and ***p<0.001 compared to the respective controls. Data were analyzed by one-way ANOVA with Tukey test and shown as mean±standard 
error of the mean (SEM).
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Figure 5. The effects of CEACAM6 knockdown on PC-3 and LNCaP cell migration and motility. (A, B) Representative images of migration assay 
performed on PC-3 and LNCaP cells and monitored within 48 h post-transfection. Images were taken at indicated time points (time 0, 24 h and 48 
h) and analyzed by the ImageJ software. (C, D) Quantification of the cell migration ratio of siCEACAM6, scrRNA and WT PC-3 and LNCaP cells; 
n=6 in each group. *p<0.05, compared to the respective control. Data were analyzed by one-way ANOVA with Tukey test and shown as 
mean±standard error of the mean (SEM).



vivo model and instead relied solely on in vitro experiments. 
However, our results are promising enough to warrant further 
investigations. Despite the importance of the two PCa cell lines 
used here as a well-known model for studying the advanced 
stage of Pca (24, 26), additional available human Pca cell lines 
must be taken into consideration for future studies. 

Recently, with regard to the importance of CEACAM 
family members in cancer and carcinogenesis, a fully-human 
anti-CEACAM5 antibody and chimeric antigen receptor T-
cells have been developed for the treatment of CEACAM5-
positive neuroendocrine Pca (27). CEACAM6 is also 
involved in suppressing T-cell mediated immune response 
and a CEACAM6-inhibitory antibody is now suggested to 
restore T-cell antitumor response in in vitro models of 
pancreatic, colorectal, and non-small cell lung cancers (28). 
In particular, because CEACAM6 is structurally a cell 
surface antigen, it should be further investigated as a 
potential solution for antibody-based treatment of cancer (7). 
As an example, Hagihara et al. suggested that neoadjuvant 
treatment with Sipuleucel-T in localized Pca induces gene 
expression of CEACAM6 and other immunoinhibitory 
genes. This suggests that combination treatment of 
Sipuleucel-T and anti-CEACAM6 antibodies could be a 
feasible option in advanced Pca treatment (29). 

 
Conclusion 
 
We conclude that CEACAM6 promotes Pca aggressiveness and 
poses a very interesting therapeutic target in advanced Pca 
stages, particularly in terms of lung metastasis. However, 
additional investigation of the transcriptomic changes in the 
liver metastases and the role of CEACAM6 in its highly 
aggressive behavior must be taken into consideration. In 
addition, immunoinhibitory properties of CEACAM6 as well as 
its tumor-promoting role should be further explored clinically. 
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