










Upregulated genes post epithelial cell adhesion molecule
knockdown: In cells with inhibited Ep-CAM expression,
upregulated categories represented gene products that were
involved in apoptosis, such as lactalbumin, alpha (LALBA),

retinoic acid receptor, gamma (RARG), ataxin 3 (ATXN3),
mitogen-activated protein kinase 13 (MAPK13), tubulin, beta
2A (TUBB2A), activating transcription factor 3 (ATF3),
insulin-like growth factor binding protein 1 (IGFBP1), Homo

Figure 3. Effect of small interfering RNA on the expression of epithelial cell adhesion molecule in retinoblastoma Y79 cells in vitro.
Immunofluorescence picture shows the negative staining without Epithelial cell adhesion molecule (Ep-CAM) antibody in Y79 cells
representing as negative control (A); Immunofluorescence shows strong positivity (3+; white arrows) for Ep-CAM on day 8 post azacytidine
treatment (B); After 24 h of short interfering (si)RNA treatment, Y79 cells showed moderate staining (2+; arrows) of Ep-CAM (C). After 48
h of siRNA treatment, Y79 cells showed dull staining (1+; arrows) of Ep-CAM (D). After 72 h of siRNA treatment, Y79 cells gain Ep-CAM
expression (low to moderate intensity). E: western blot analysis demonstrates strong expression of Ep-CAM in Y79 cells that are si-RNA
untreated (lane 1), strong expression in Y79 cells treated with scrambled siRNA (lane 2) and markedly reduced Ep-CAM expression in Y79
cells treated with Ep-CAM-siRNA (F; lane 3).

Molecular Vision 2010; 16:828-842 <http://www.molvis.org/molvis/v16/a93> © 2010 Molecular Vision

833



sapiens damage-regulated autophagy modulator (DRAM), and
cytochrome c, somatic (CYCS); anti-angiogenic genes, such
as lectin, galactoside-binding, soluble, 3 (LGALS3), and
vasohibin 1 (VASH1); cell cycle and differentiation genes,
such as LGALS3, 5-hydroxytryptamine (serotonin) receptor
5A (HTR5A), INS, tachykinin 3 [neuromedin K, neurokinin
beta] (TAC3), and ATF3; anti-proliferation genes, such as
spectrin repeat containing, nuclear envelope 2 (SYNE2), BTB

and CNC homology 1, basic leucine zipper transcription
factor 2 (BACH2), tripartite motif-containing 8 (TRIM8), Rac
GTPase activating protein 1 (RACGAP1), and MEG3; and
tumor suppressor gene tropomyosin 1 alpha (TPM1).

Downregulated genes post epithelial cell adhesion molecule
silencing: Downregulated categories represented gene
products that were involved in cell cycle and cell division
genes, such as MYC-associated zinc finger protein [purine-

Figure 4. Epithelial cell adhesion
molecule- short interfering RNA
treatment decreases the mRNA
expression of epithelial cell adhesion
molecule in Y79 cells. The mRNA
levels of Epithelial cell adhesion
molecule (Ep-CAM) in Y79 cells
treated with Ep-CAM- short interfering
(si)RNA was decreased by 11-fold
(p<0.001), 12-fold (p<0.001) and 5.5
fold (p<0.01) at 24, 48, and 72 h
respectively when compared with Ep-
CAM mRNA levels in Y79 cells treated
with scrambled (SCR) siRNA (dotted
bars). The mRNA levels of Ep-CAM in
Y79 cells treated with Ep-CAM-siRNA
was decreased by 11-fold (p<0.001), 12-
fold (p<0.001) and fivefold (p<0.01) at
24, 48, and 72 h, respectively, when
compared with Ep-CAM mRNA levels
in control (CTRL) Y79 cells (solid
bars). The error bars represents the
standard deviation of triplicate values
and the statistical analysis was
performed using independent t-test.

Figure 5. epithelial cell adhesion
molecule short interfering RNA
treatment decreases the cell
proliferation of Y79 cells. The Y79 cells
were treated with epithelial cell
adhesion molecule epithelial cell
adhesion molecule epithelial cell
adhesion molecule (Ep-CAM) short
interfering (si)RNA and the cell
proliferation was assessed at 24, 48, and
72 h using 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide
(MTT) assay. The viability of Y79 cells
was 54% (p<0.01), 55% p<0.01) and
60% (p<0.01) at 24, 48, and 72 h of
siRNA treatment respectively when
compared to Y79 cells that were not
treated with siRNA. The error bars
represents the standard deviation of
triplicate values and the statistical
analysis was performed using
independent t-test.
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binding transcription factor] (MAZ), tubulin, epsilon 1
(TUBE1), MAD1, sprouty-related, EVH1 domain containing
1 (SPRED1), U2 small nuclear RNA auxiliary factor 1
(U2AF1), CNDP, and stress induced growth inhibitor family
member 2 (SGIN2); cell migration genes, such as MMP2, cell
division cycle 42 [GTP binding protein, 25 kDa] (cdc42), and
MADS box transcription enhancer factor 2, polypeptide A
[myocyte enhancer factor 2A] (MEF2A); anti-apoptotic
genes, such as DnaJ (Hsp40) homolog, subfamily A, member
3 (DNAJA3), ornithine decarboxylase 1 (ODC1), gelsolin
[amyloidosis, Finnish type] (GSN), BCL2-like 1 (BCL21), and
high-mobility groupbox 1 (HMGB1); proliferation genes,
such as FGF9, Homo sapiens v-fos FBJ murine osteosarcoma
viral oncogene homolog (FOS), Homo sapiens jun oncogene
(JUN), PCNA, Homo sapiens E2F transcription factor 3
(E2F3), malignant T cell amplified sequence 1 (MCTS1),
hairy and enhancer of split 1, [Drosophila] (HES1), cyclin D3
(CCND3), growth arrest and DNA-damage-inducible, alpha
(GADD45A), embryonic lethal, abnormal vision, Drosophila-
like 1 [Hu antigen R] (ELAVL1), nuclear receptor coactivator
1 (NCOA1), enolase 1, [alpha] (ENO1), and insulin-like
growth factor 1 [somatomedin C] (IGF1); and oncogenes,
such as FOS, member of RAS oncogene family (RAP2C),
member RAS oncogene family (RAB8A), JUN, sarcospan
[Kras oncogene-associated gene] (SSPN), RAB1B, RAB15,
and v-myc myelocytomatosis viral related oncogene,
neuroblastoma derived [avian] (MCYN).
Deregulated pathways post epithelial cell adhesion molecule
silencing: Upon Ep-CAM inhibition, MAP kinase pathway
was deregulated in Y79 cells. The genes involved in MAP
kinase pathway were FOS, JUN, FGF9, and GADD45A. On
the other hand, P53 pathway molecules were upregulated
upon Ep-CAM inhibition. The molecules involved in P53
pathway were RRM2, CYCS, and DRAM.
Functional grouping of differentially expressed genes: All the
distinct gene identifications were examined for their known
biologic function according to gene ontology convention and

grouped in the respective functional category. The proportion
of each functional category in the total number of selected
identified genes (taken as 100%) is shown in Figure 7. Among
the upregulated genes, (Figure 7A) the majority of genes
belong to the apoptosis functional category (48%). Hence, it
is interesting to speculate that Ep-CAM inhibition may
promote apoptosis in Y79 cells. Other genes identified belong
to proliferation, anti-proliferation, angiogenesis, anti-
angiogenesis, anti-apoptotic, and tumor suppressor genes.
Among the downregulated genes, (Figure 7B) one-third of the
total genes belong to the proliferation functional category
(33%) and cell cycle and differentiation (33%). Other
downregulated genes belong to cellular invasion, anti-
apoptosis, oncogenes, and angiogenic genes.
Real-time quantitative reverse transcriptase-PCR to confirm
microarray data: Five genes (PCNA, CCND3, FOS, JUN, and
DRAM) from microarray data have been confirmed by real-
time Q-RT–PCR. The results are consistent with the
microarray data. The gene expression of all five genes studied
was higher when measured using Q-RT–PCR as compared to
microarray analysis, reflecting the better dynamic range of Q-
RT–PCR. The relative mRNA expression of DRAM was
significantly increased, and the relative mRNA expression of
PCNA, CCND3, FOS, and JUN were significantly
downregulated in siRNA-treated Y79 cells compared to
untreated Y79 cells (Figure 8).

DISCUSSION
To investigate the functional relevance of Ep-CAM in RB, we
proposed to transiently silence Ep-CAM expression using
siRNA and study its effect on whole gene expression
profiling. We chose the Y79 cell line for in vitro studies for
two reasons. One reason is that Y79 cells form tumors in the
murine model that closely resemble the naturally occurring
tumor in anatomic sites without disrupting the choroid or
sclera or involving the anterior chamber [21]. The second
reason is that as RB tumors from Indian RB patients are

Figure 6. Epithelial cell adhesion molecule short interfering RNA treatment leads to changes in gene expression profile in Y79 cells. The heat
map represents the expression profile of 100 genes differentially modified in response to knockdown of epithelial cell adhesion molecule (Ep-
CAM) in Y79 cells compared to untreated cells. The horizontal lines represent the relative fold change in the expression of individual genes
modified by the Ep-CAM-short interfering (si)RNA. Red and green indicate increased and decreased expression, respectively, relative to
nonsilencing control siRNA.
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advanced tumors, presenting with choroidal and optic nerve
invasion [22], the Y79 cell line is appropriate for in vitro
studies and the data can be translated to the actual tumor state.

Our study shows that both mRNA and protein levels of
Ep-CAM are very low to absent in Y79 cells. There is
substantial evidence that DNA methylation plays an important
role in silencing specific genes during development and cell
differentiation [23,24]. Earlier studies have shown that Ep-
CAM is regulated by the most common epigenetic mechanism
—hypermethylation in oral squamous cell carcinoma and
breast carcinomas [16–19]. Epigenetic silencing of a gene can
be reversed by drugs, such as AZC, which acts through
incorporation of the modified nucleotide in the place of
cytosine into the newly synthesized strand during DNA
replication. The modified nucleotides form a covalent
complex with the active sites of the DNA methyltransferase,
depleting methyltransferase activity, resulting in generalized
demethylation [25]. In this context, we restored Ep-CAM
expression in Y79 cells by subjecting the cells to
demethylation (AZC treatment) in vitro for 5 days. However,
these drugs have effects other than inducing demethylation.

The amount of methylation and the response obviously can
vary for the same gene from one cell line to another and
between different genes in the same cell line. One
disadvantage of a drug-based reactivation approach is that,
unlike CpG island array screening, use is essentially restricted
to cell cultures and is not amenable to examination of primary
tumors.

In the present study, AZC treatment restored adequate
Ep-CAM expression, which was sufficient to perform siRNA
experiments in Y79 cells. Silencing of the Ep-CAM gene
significantly decreased the proliferative capacity of RB Y79
cells. Expression microarray analysis of Ep-CAM silencing
revealed several genes related to cell proliferation, apoptosis,
anti-apoptosis, cell division and differentiation, angiogenesis,
anti-angiogenesis, and oncogenes.

Cells expressing Ep-CAM proliferate more rapidly, grow
in an anchorage-independent manner, and have a reduced
requirement for growth factors. Consistent with the growth-
promoting role of Ep-CAM, knockdown of endogenous Ep-
CAM in tumor cells decreases cell proliferation and migration
[7,26]. The role of Ep-CAM in proliferation and its association

Figure 7. Functional grouping of
upregulated genes. (A) and
downregulated genes (B) in Y79 cells
treated with epithelial cell adhesion
molecule short interfering (si)RNA. All
the distinct gene identifications were
examined for their known biologic
function according to gene ontology
convention and grouped in the
respective functional category. The
proportion of each functional category
in the total number of selected identified
genes (taken as 100%) is shown.

Figure 8. The mRNA expression of
selected genes from microarray data was
confirmed using real time quantitative
reverse transcriptase PCR (Q-RT–
PCR). The black bars represent the
mRNA levels quantified by Q-RT–PCR
and the white bars represent the fold
expression of genes studied by
microarray. The Q-RT–PCR results are
consistent with microarray results. The
error bars represent the standard
deviation of triplicate values.
Abbreviations: PCNA represents
proliferating cell nuclear antigen,
CCDN3 represents cyclin D3, FOS
represents v-fos FBJ murine
osteosarcoma viral oncogene homolog,
JUN represents jun oncogene, and
DRAM represents damage-regulated
autophagy modulator.
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with cancer is poorly explained by proposed cell adhesion
functions. Recently, Maetzel et al. [27] showed that regulated
intramembrane proteolysis activates Ep-CAM as a mitogenic
signal transducer in vitro and in vivo. The cleaved intracellular
domain Ep-CAM intracellular domain (EpICD) associates
with four and a half LIM domain (FHL2), β-catenin, and
lymphoid enhancer binding factor 1 (Lef-1) to form a nuclear
complex that contacts DNA at Lef-1 consensus sites, induces
gene transcription, and is oncogenic in immunodeficient mice.
Hence, this mechanism of nuclear signaling of Ep-CAM
explains how it functions in cell proliferation.

Our study showed significant downregulation of PCNA
post-Ep-CAM silencing. A high PCNA index has been noted
in RB in a recent study by Dimaras et al. [28]. In gastric cancer,
the PCNA index of gastric cancer tissues with high Ep-CAM
expression was higher than gastric cancer tissues with low Ep-
CAM expression, indicating that Ep-CAM might be associated
with the proliferative activity of cancer cells [29]. We also
showed that FOS and JUN, which are involved in cellular
proliferation, were downregulated post-Ep-CAM silencing.

Genes related to apoptosis, such as damage-regulated
autophagy modulator DRAM, a critical effector of p53-
induced autophagy [30], and cytochrome c CYCS, a central
molecule in apoptotic signaling [31], were significantly
upregulated. Recently, a study on mammary tissues in
transgenic mice showed that Ep-CAM overexpression could
induce Ki-67 upregulation and reduce apoptosis of cells,
accompanied by upregulation of bcl-2 expression, which was
the first report about the relation between Ep-CAM and
apoptosis [32]. Our observations indicate that Ep-CAM
inhibition on cellular proliferation is by cell cycle arrest
accompanied by apoptosis. However, further functional
studies need to be conducted to prove these effects in RB.

These changes are coupled with downregulation of
important cell cycle-related transcription factors, E2F3 and
CCND3. E2Fs are transcription factors best known for their
involvement in the timely regulation of gene expression
required for cell cycle progression. E2F3 overexpression has
been previously demonstrated in RB tumors by Gallie et al.
[33]. Cyclins are periodic regulatory proteins governing cell
cycle transit from G1 phase into S phase. Overexpression of
cyclins could lead to abnormal cellular proliferation, which
underlies the process of tumorigenesis [34].

Interestingly, our study showed the downregulation of
MYCN post-Ep-CAM silencing. MYCN is a well studied
oncogene known to be amplified in neuroblastoma [35] and
in a subset of RB tumors [36,37]. Previously it was
demonstrated that Ep-CAM has a direct impact on the cell
cycle and proliferation and the ability to rapidly upregulate
the proto-oncogene c-myc and cyclin A/E [21]. However,
further studies are needed to establish the MYCN relation with
Ep-CAM signaling in RB.

In addition to proliferation and apoptotic genes, we
showed that genes related to tumor invasion, metastasis, and

angiogenesis, such as MMPs and cdc42 are significantly
downregulated post Ep-CAM silencing. Previously we
demonstrated high MMP [38] and cdc42 [39] expression in
RB primary tumors. The downregulation of MMPs in the
present study supports the hypothesis that Ep-CAM inhibition
could reduce tumor cell invasion, as demonstrated in an earlier
study [7]. Ep-CAM inhibition led to downregulation of the
MAP kinase pathway in Y79 cells. The genes involved in the
MAP kinase pathway are FOS, JUN, FGF9, and GADD45A.
On the other hand, P53 pathway molecules were upregulated
upon Ep-CAM inhibition. The molecules involved in the P53
pathway are RRM2, CYCS, and DRAM.

In conclusion, we showed for the first time that Ep-CAM
silencing in RB in vitro leads to a decrease in Y79 cell
proliferation and deregulation of several genes related to cell
survival/proliferation, DNA replication/transcription,
apoptosis, and angiogenesis. Targeting Ep-CAM for
molecular intervention appears to be an attractive strategy.
First, Ep-CAM is substantially overexpressed in primary RB
tumor samples [6]. Furthermore, because Ep-CAM
overexpression is associated with proliferation and neoplastic
transformation [40,41], silencing of Ep-CAM gene expression
is likely to dramatically alter the phenotype of cancer cells
without significantly influencing normal or nonproliferating
cells. Future studies targeting Ep-CAM gene expression in
vivo will help to delineate the mechanisms associated with
Ep-CAM gene function in neoplastic transformation and
define the potential for Ep-CAM-based molecular intervention
in RB patients.
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