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Cancer stem cells (CSCs) or tumor-initiating cells are thought 
to play critical roles in tumorigenesis, metastasis, drug resis-
tance, and tumor recurrence. For the diagnosis and targeted 
therapy of CSCs, the molecular identity of biomarkers or thera-
peutic targets for CSCs needs to be clarified. In this study, we 
identified CD166 as a novel marker expressed in the sphere- 
forming CSC population of A2780 epithelial ovarian cancer 
cells and primary ovarian cancer cells. The CD166+ cells iso-
lated from A2780 cells and primary ovarian cancer cells highly 
expressed CSC markers, including ALDH1a1, OCT4, and SOX2, 
and ABC transporters, which are implicated in the drug resis-
tance of CSCs. The CD166+ cells exhibited enhanced CSC-like 
properties, such as increased sphere-forming ability, cell migra-
tion and adhesion abilities, resistance to conventional anti- 
cancer drugs, and high tumorigenic potential in a xenograft 
mouse model. Knockdown of CD166 expression in the sphere- 
forming ovarian CSCs abrogated their CSC-like properties. More-
over, silencing of CD166 expression in the sphere-forming 
CSCs suppressed the phosphorylation of focal adhesion kinase, 
paxillin, and SRC. These results suggest that CD166 plays a 
key role in the regulation of CSC-like properties and focal 
adhesion kinase signaling in ovarian cancer. [BMB Reports 
2020; 53(12): 622-627]

INTRODUCTION

Epithelial ovarian cancer (EOC) is a common gynecologic 
cancer with the highest death rate, and it is frequently resistant 
to conventional cancer therapies (1). The major cause of the 
poor prognosis of ovarian cancer is the presence of cancer 

stem cells (CSCs), a heterogeneous cancer-cell population (2, 
3). Improving the therapeutic efficacy of conventional cancer 
therapy requires identifying diagnostic and/or therapeutic mar-
kers that target CSCs. The markers of CSCs that have been 
identified in ovarian cancer include aldehyde dehydroge-
nase-1A1 (ALDH1A1), CD133, CD44, and CD117 (4). These 
proteins are widely accepted as surface markers associated 
with CSCs. However, the intra-tumor heterogeneity and absence 
of suitable treatment for complete remission require finding 
novel CSC markers. 

CD166, known as activated leukocyte cell adhesion molecule 
(ALCAM), is a 105-kDa type I transmembrane glycoprotein of 
the immunoglobulin superfamily (5). It is expressed predomi-
nantly at the cell membrane (6). CD166 has been reported to 
be increased in various cancers, such as those of the thyroid, 
head and neck, lungs, and liver (7). The expression of CD166 
has been associated with the metastatic capacity of prostate 
cancer, the invasiveness of cholangiocarcinoma, and the eva-
sion of apoptosis in breast cancer (8-10). The CD166-positive 
cells have displayed superior sphere-forming ability and cancer- 
initiating potential in prostate cancer and head and neck 
squamous-cell carcinoma, respectively (11, 12). These reports 
suggest that CD166 is a marker for CSC-like cells; however, it 
is still unknown whether CD166 is associated with the CSC- 
like ovarian-cancer phenotypes.

CD166 has five extracellular immunoglobulin-like domains 
composed of two amino-terminal variable domains, three mem-
brane proximal constant domains, one transmembrane region, 
and a short, carboxy-terminal cytoplasmic tail (13). These im-
munoglobulin-like domains mediate homophilic CD166-CD166 
interactions (14), which play an essential role in melanoma 
cell clustering (15). Although CD166 lacks direct actin-binding 
sites, it is anchored to the actin cytoskeleton by association 
with the scaffolding proteins syntenin-1 and ezrin via its 
cytoplasmic tail (16). Through connection with the cytoskele-
ton, CD166 is likely to be linked to intracellular signaling 
networks. In liver cancer cells, CD166 has been reported to 
play a pro-carcinogenic role in liver cancer cells via promoting 
expression and activation of AKT and Yes-associated protein, a 
coactivator of Hippo signaling (17, 18). Moreover, CD166 
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Fig. 1. Increased expression of CD166 in the sphere-forming popu-
lations of A2780 ovarian cancer cells. (A) Flow cytometry analysis 
of CD166 expression in A2780 cells and A2780-SP cells. The per-
centages of CD166+ population are indicated. (B) RT-PCR analysis 
of CD166, ALDH1a1, and GAPDH in A2780 and A2780-SP cells 
(left panel). The mRNA levels of CD166 and ALDH1a1 were quan-
tified and normalized to those of GAPDH (right panel). Data are 
shown as means ± SD (n = 4), *P ＜ 0.05. (C) We sorted the 
CD166+ and CD166− cells from A2780 cells by flow cytometry, 
then did FACS analysis of the sorted populations. (D) RT-PCR analy-
sis of CD166 and CSC-related genes in unsorted A2780 cells, 
CD166+, and CD166− cells (left panel). The mRNA levels of 
each gene were quantified and normalized to those of GAPDH 
(right panel). Results are presented as means ± SD (n = 4), *P ＜
0.05 vs. CD166−.

Fig. 2. CD166 is a marker of CSC-like population in A2780 ova-
rian cancer cells. (A) We measured cell proliferation of unsorted 
A2780 cells, CD166+, and CD166− cells by MTT assay at the 
indicated times. (B) We counted sphere numbers of unsorted 
A2780 cells, CD166+, and CD166− cells on day 10. Migration 
(C) and cell adhesion (D) abilities of unsorted A2780 cells, CD166+,
and CD166− cells were measured. (E) We treated unsorted A2780
cells, CD166+, and CD166− cells with increasing concentrations 
of doxorubicin and measured cell viability by MTT at 24 h. (F) 
Representative image of nude mice (upper image) and tumors (lower 
image) on day 38 after injection of CD166+ and CD166− A2780 
cells. (G) Tumor volumes at the indicated time points after injec-
ting CD166+ and CD166− cells were quantified at the indicated 
time points. (H) Tumor weights on day 38 after injecting CD166+

and CD166− cells were measured. All results are presented as 
means ± SD (n = 5), *P ＜ 0.05.

promoted the growth of oral squamous-cell carcinoma by 
stimulating epidermal growth factor receptor activation (19). 
These results suggest that CD166 plays a role in the regulation 
of CSC-like properties by activating pro- tumorigenic signaling 
pathways; however, the role of CD166 in the pro-tumorigenic 
signaling in ovarian CSCs has not been explored.

In this study, we identified CD166 as a biomarker and 
therapeutic target for ovarian CSCs. We explored the role of 
CD166 in the regulation of CSC-like properties by silencing of 
CD166 expression in A2780 ovarian cancer cells and primary 
ovarian cancer cells derived from patients.

RESULTS

CD166 expression is upregulated in sphere-forming 
population of A2780 epithelial ovarian cancer cells
We have previously reported isolation of the sphere-forming 
CSCs from several epithelial ovarian cancer-cell lines and 
patient-derived primary EOC-cell lines (20-22). To explore whe-
ther CD166 is a potential CSC marker in ovarian cancer, we 
compared the expression of CD166 on the parental A2780 
cells and the A2780-derived sphere-forming cells (A2780-SP). 
Flow cytometry results indicated that the percentage of CD166- 
expressing cells in A2780-SP cells was 99 ± 1%, whereas that 
in A2780 cells was 28 ± 7% (Fig. 1A). RT-PCR analysis 
showed that the mRNA levels of ALDH1a1, a CSC marker, and 
CD166 in A2780-SP cells were greater than those in A2780 
cells (Fig. 1B).

To explore whether CD166 is a marker for ovarian CSCs, 
the CD166+ and CD166− cells were isolated from A2780 
cells by fluorescence-activated cell sorting with an anti- 
CD166-specific antibody. Flow cytometry analysis demon-
strated that the CD166+ and the CD166− populations were 
separated by cell sorting (Fig. 1C). RT-PCR analysis of the 
sorted CD166+ and CD166− cells indicated that the CD166+ 
cells expressed high levels of stemness-associated genes, such 
as OCT4, SOX2, and the CSC marker ALDH1a1. Furthermore, 
the expression levels of ABC transporter genes, which are 
responsible for the drug resistance property of CSCs, were 
upregulated in CD166+ cells (Fig. 1D).

CD166 is a marker of the CSC-like populations of A2780 
ovarian cancer cells
To explore the validity of CD166 as a CSC marker, we com-
pared the proliferation and the sphere-forming abilities be-
tween CD166+ and CD166− cells using an MTT assay. The 
proliferation and sphere-forming abilities of CD166+ cells 
were greater than those of CD166− cells (Fig. 2A and 2B). 
Furthermore, the migration and adhesion abilities of CD166+ 
cells were remarkably greater than those of CD166− cells (Fig. 
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Fig. 3. Effects of CD166 knockdown on the CSC-like char-
acteristics of A2780-SP cells. (A) Expression of CSC-related genes 
in CD166 siRNA- and control siRNA-transfected A2780-SP cells. 
We measured the mRNA levels of CD166 and CSC-related genes 
in control siRNA (si-control)- or CD166 siRNA (si-CD166)-trans-
fected A2780-SP cells by RT-PCR analysis (left panel); the mRNA 
levels of each gene were quantified and normalized to those of 
GAPDH (right panel). Cell proliferation (B) and sphere-forming 
abilities (C) of si-control- or si-CD166-transfected A2780-SP cells 
were measured until day 7. Migration (D) and cell adhesion (E) 
abilities of si-control- or si-CD166-transfected A2780-SP cells were 
measured. (F) Drug resistance of si-control- or si-CD166-transfected 
A2780-SP cells under treatment of doxorubicin 1 M was as-
sessed for 7 days. (G) Effects of CD166 knockdown on the FAK- 
associated signaling pathway activation. A2780-SP cells were trans-
fected with either si-control or si-CD166. We measured the ex-
pression and phosphorylation levels of FAK, paxillin, and SRC by 
Western blotting at 48 h after siRNA transfection (left panel). The 
band intensities were quantified and normalized to those of 
GAPDH (right panel). Results are presented as means ± SD (n = 
4), *P ＜ 0.05 vs. si-control.

2C and 2D). We next explored whether CD166 is associated 
with the drug-resistant characteristic of CSCs. The viability of 
both CD166+ and CD166− cells was decreased by doxoru-
bicin treatment in a dose-dependent manner; however, CD166+ 
cells exhibited significant resistance to doxorubicin treatment 
(Fig. 2E).

To assess whether CD166 is associated with the tumor- 
initiating ability of CSCs in vivo, we measured tumorigenic 
potentials of the CD166+ and CD166− cells using a xenograft 
transplantation model. We subcutaneously injected the CD166+ 
and the CD166− cells into the left and right sides of the back 
of each nude mouse and monitored the in vivo growth of 
transplanted tumor cells Tumors derived from CD166+ cells 
showed markedly greater tumor growth than did those derived 
from CD166− cells (Fig. 2F and 2G). Furthermore, the xeno-
graft tumors derived from CD166+ cells exhibited increased 
tumor weight compared to those from CD166− cells (Fig. 2H). 
Collectively, these data demonstrated that a CD166+ cell popu-
lation in A2780 cells displayed CSC-like features; so CD166 
can be considered as a marker for ovarian CSCs.

CD166 knockdown abrogates the CSC-like properties of the 
A2780-SP cells
To find out the role of CD166 in A2780-SP cells, we knocked 
down CD166 expression in the cells using siRNA (Fig. 3A). 
RT-PCR analysis revealed that expression of ALDH1a1, Oct4, 
Sox2, and ABC transporters (ABCB1, ABCG2, and ABCC6) 
were significantly decreased in response to CD166 knock-
down. We next examined the effects of CD166 knockdown on 
the proliferation, sphere formation, migration, and adhesion of 
the cells. The proliferative and sphere-forming abilities were 
attenuated by silencing the expression of CD166 (Fig. 3B and 
3C). Furthermore, the migration and adhesion capacity of 
A2780-SP cells were downregulated by CD166 knockdown 
(Fig. 3D and 3E). Then, we examined the effect of CD166 
knockdown on the drug resistance of A2780-SP cells. In the 
presence of 1 M doxorubicin, proliferation of A2780-SP cells 
increased in a time-dependent manner, whereas silencing of 
CD166 abrogated their proliferation (Fig. 3F). These results 
suggest that CD166 plays a pivotal role in the proliferation, 
migration, adhesion, and drug resistance of A2780-SP cells.

To find out whether CD166 is implicated in the activation of 
intracellular signaling pathways in ovarian CSCs, we examined 
the effects of CD166 knockdown on the activation of FAK 
signaling, which plays a key role in the regulation of cell 
adhesion, proliferation, migration, and survival (23). The 
siRNA-mediated knockdown of CD166 expression in A2780-SP 
cells suppressed the phosphorylation of FAK at tyrosine 925, 
which is known to induce focal adhesion (Fig. 3G) (24). 
Furthermore, the phosphorylation of downstream signaling 
molecules of FAK, including paxillin and SRC, was inhibited 
by the CD166 knockdown.

CD166 knockdown abrogates the CSC-like properties of 
primary ovarian CSCs
We have reported the isolation and cultivation of sphere- 
forming primary CSCs from tumor tissues of patients with EOC 
(20, 25). In this study, we used a sphere-forming primary EOC 
cell line, EOC12-SP, which has been previously established 
(20). FACS analysis with the PE-labeled CD166 antibody 
showed that CD166 is highly expressed in the EOC12-SP cells 
(Fig. 4A). To find out whether CD166 regulates stemness in 
primary ovarian CSCs, we silenced CD166 expression in 
EOC12-SP cells by transfection with a CD166-specific siRNA. 
RT-PCR analysis revealed that the mRNA levels of Oct4, Sox2, 
ALDH1a1, ABCB1, ABCG2, and ABCC6 in EOC12-SP cells 
was significantly decreased by silencing the CD166 gene (Fig. 
4B).

We next explored the role of CD166 in the proliferation, 
drug resistance, spheroid formation, cell migratory, and adhe-
sive capacities of EOC12-SP cells by silencing the CD166 
expression. The proliferation rate, the number of spheroids, 
cell migration, and adhesion abilities of EOC12-SP cells were 
remarkably decreased by silencing the CD166 gene (Fig. 
4C-F). In the presence of doxorubicin, control siRNA-transfected 
EOC12-SP cells proliferated in a time-dependent manner; 
however, proliferation of the CD166-silenced cells was almost 
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Fig. 4. Effects of CD166 knockdown on the CSC-like charac-
teristics of primary ovarian CSCs. (A) We measured the expression 
of CD166 in EOC12-SP with flow cytometry analysis. (B) RT-PCR 
analysis of CSC-related genes in si-control- or si-CD166-transfected 
EOC12-SP (left panel). The mRNA levels of each gene were quan-
tified and normalized to those of GAPDH (right panel). (C) Cell 
proliferation of si-control- or si-CD166-transfected EOC12-SP was 
measured for 7 days. (D) Representative images of spheroids formed 
from si-control or si-CD166-transfected EOC12-SP cells at day 7 
(upper panel) Scale bar = 100 m. The numbers of spheroids 
were quantified at day 7 (lower panel). Cell migration (E) and 
adhesion (F) abilities of si-control or si-CD166-transfected EOC12-SP. 
(G) Drug resistance of si-control- or si-CD166-transfected EOC12-SP 
under doxorubicin treatment was assessed for 7 days. (H) Effects 
of CD166 knockdown on the FAK-associated signaling pathway acti-
vation. EOC12-SP was transfected with either control or CD166 
siRNA, and we measured the expression and phosphorylation
levels of FAK, paxillin, and SRC by Western blotting at 48 h 
after siRNA transfection (left panel), and the band intensities were 
quantified and normalized to those of GAPDH (right panel). Results 
are presented as means ± SD (n = 4), *P ＜ 0.05 vs. si-control.

completely inhibited by doxorubicin treatment (Fig. 4G). 
Consistent with the results with A2780-SP cells, the phos-

phorylation levels of FAK, paxillin, and SRC were significantly 
decreased in the CD166-silenced EOC12-SP (Fig. 4H). These 
results confirm that CD166 plays a key role in regulating the 
CSC-like properties and the FAK-associated signaling pathway 
in primary ovarian CSCs. 

DISCUSSION

In this study, we demonstrate that CD166 is a novel marker of 
CSCs isolated from the A2780 ovarian cancer-cell line or 
primary EOC. The CD166+ cancer cells exhibited increased 
expression of CSC markers. Furthermore, sphere formation, 
cell migration, drug resistance, and tumorigenic potential were 
augmented more in the CD166+ A2780 cells than in those in 
CD166− A2780 cells. In uveal melanoma, the CD166+ sub-
population exhibited better migratory capabilities than did the 
CD166− cells (26). High levels of CD166 expression has been 
shown to correlate to poor prognosis in various types of cancer 
(7), and a meta-analysis suggests CD166 as a risk factor for 
cancers (27). Therefore, it is likely that the expression of 
CD166 will be highly useful as a CSC marker for predicting 
the prognosis of patients with ovarian cancer.

We demonstrated that silencing of CD166 expression atte-
nuated the expression of stemness markers, proliferation, 
migration, adhesion, and drug resistance of A2780-SP cells 
and primary ovarian CSCs. CD166 has been known to mediate 
cell-cell cohesion, enabling the formation of tumor aggregates, 
extravasation, and metastasis (28). CD166 has been reported 
to promote cell migration, invasion, and metastasis in early- 
stage endometrioid endometrial cancer, and recurrence-free 
survival was poorer in patients with CD166-positive rather 
than CD166-negative tumors (29). Downregulation of CD166 
inhibited invasion, migration, and epithelial-mesenchymal 
transition in human nasopharyngeal-carcinoma cell line (30). 
Furthermore, silencing of CD166 expression inhibited cell-cell 
adhesion and tumor growth in a murine model of triple 
negative breast cancer (31). The immunoglobulin-like domains 
of CD166 mediate homophilic CD166-CD166 interaction, 
which plays a key role in the regulation of cell adhesion and 
migration (13, 14). These results suggest that CD166 plays 
important roles in maintaining the CSC-like properties. 

Although CD166 has been implicated in the regulation of 
cell adhesion, it is still elusive how CD166 controls the 
CSC-like properties. A possible explanation is that the associ-
ation of CD166 with actin cytoskeleton and other binding 
partners may affect intracellular signaling. CD9, a member of 
the tetraspanin family, has been shown to play a pivotal role in 
the regulation of CD166-mediated cell adhesion by increasing 
the homophilic interaction and clustering of CD166 (32). CD9 
associates with not only CD166 but also integrin adhesion 
receptors, which are implicated in the activation of cell adhe-
sion-dependent activation of FAK, suggesting that CD166 may 
be linked to FAK signaling via interaction with CD9. We 
showed here that silencing of CD166 abrogated cell adhesion- 
induced phosphorylation of FAK, paxillin, and SRC in ovarian 
CSCs. In addition, CD166 has been reported to stimulate 
activation of epidermal growth factor receptor, AKT, and YAP 
(17-19). These results suggest that CD166 may regulate 
intracellular signaling associated with the CSC-like properties 
through interacting with various signaling molecules.

In summary, this study demonstrates that the cell-adhesion 
molecule CD166 is a marker of ovarian CSC-like populations 
in not only cancer cell lines but also in patient-derived primary 
EOC. It also plays a key role in the regulation of tumorigenic 
and drug-resistance potentials of CSCs. Therefore, CD166 may 
be a promising therapeutic target for therapy of various types 
of tumors, including ovarian cancer. 

MATERIALS AND METHODS

Materials
We purchased:
• RPMI1640 medium from Welgene. 
• HBSS (Hank’s Balanced Salt Solution), trypsin, fetal bovine 

serum (FBS), B-27 Supplement, penicillin, streptomycin, 
and Accutase cell detachment solution from Life Technol-
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ogies. 
• Basic fibroblast growth factor (bFGF) and epidermal growth 

factor (EGF) from R&D Systems. 
• Cell culture plates for adherent cells from Thermo Fisher 

Scientific (Waltham, MA). 
• Culture plates with ultra-low attachment surface from Cor-

ning Life Sciences (Durham, NC) for culture of sphere cells.
• PE-labeled mouse anti-human CD166 antibody (#559263), 

7-AAD (#559925) and Ig Isotype Control Cocktail-C (#558 
659) from BD Pharmingen. 
• Antibodies against glyceraldehyde-3-phosphate dehydroge-

nase (GAPDH) from EMD Millipore (Billerica, MA). 
• Antibodies against CD166 (ab109215) and human recom-

binant proteins against CD166 (ab215630) from Abcam. 
• Antibodies against p-PAXILLIN (2541S), p-SRC (2101S), 

p-FAK (3284S), and FAK (3285S) from Cell Signaling Tech-
nology. 

Isolation of sphere-forming CSCs isolated from an A2780 cell 
line and tumor tissue of ovarian-cancer patients
A human ovarian-cancer cell line A2780 was maintained in 
the culture medium (RPMI1640 medium supplemented with 
10% FBS). We isolated sphere-forming CSC populations from 
A2780 ovarian cell line and tumor tissues of ovarian cancer 
patients and cultured them in a CSC culture medium (Neuro-
basal media (1×) (Life Technologies) supplemented with 20 
ng/ml bFGF, 10 ng/mL EGF, 2.5 g/mL amphotericin, 100 
IU/ml penicillin, 100 g/ml streptomycin, and B-27 Supple-
ment (50×) (Life Technologies, without serum) in Ultra-Low 
Attachment plates as previously reported (20). 

Tumorigenesis assay in a xenograft tumor model
All animal studies adhered to protocols approved by the Pusan 
National University Institutional Animal Care and Use Com-
mittee. CD166+ and CD166− populations of A2780 cells (1 × 
105 cells) were re-suspended in 100 l of Matrigel solution 
(1:1 dilution with RPMI) and injected subcutaneously into the 
right and left flanks of 6- to 8-week-old female BALB/c-nu/nu 
mice. We then inspected the mice transplanted with tumor 
cells biweekly for tumor appearance by means of visual 
observation and palpation. We measured the length (mm), 
width (mm), and height (mm) of the tumor masses twice 
weekly using electronic Vernier calipers and calculated the 
tumor volumes (mm3) as (length × width × height)/2. We 
measured tumorigenicity every 3-4 days beginning at 18 days 
after A2780 cell injection. All of the mice were sacrificed by 
anesthetic overdose on day 38. 

Statistical analysis
The data are presented as the mean ± S.D. We calculated 
statistical significance by using two-tailed unpaired Student’s 
t-tests. Further detailed methods are available in the Sup-
porting Information.
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