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ANTLEPITHELIAL CELL ADHESION MOLECULE (EpCAM) ANTIBODIES AND
METHODS OF USE THEREOF

FIELD OF THE INVENTION

The present invention relates generally o anti~cancer agent, and more specifically to antibodies
for treatment, diagnosis and umaging of cancer.

BACKGROUND OF THE INVENTION

Head and neck squamous cell carcinoma (HNSCCO) s the sixth most common malignancy 1 the
world m developed countries. Oral squamous cell carcmoma (OSCC) is the most common cancer of
the head and neck region. Despite significant improvements in diagnosis, local management, and
chemaotherapy of head and neck cancer, there has been no significant increase in fong-term survival
rates over the past 30 vears. The overall mortality rate for intra-oral cancer remains high at
approximately 50%, even with modern medical services. Therefore, prevention and early diagnosis
and treatment of high-risk pre-malignant lesions are mstrumental in the reduction of HNSCC related
deaths.

SUMMARY OF THE INVENTION

In one aspect, the vention relates to a purified or an isolated moenocional antibody or an
antigen-binding fragment thereof that bas a specific binding aflinity to an epttope within the
sequence of KPEGALONNDGLYDPDCDE (SEQ ID NO: 63} focated within the EGF-like domain
It of epithelial cell adbesion molecule (EpCAM; SEQ 1D NO: 1)

In one embodiment of the invention, the antibody or antigen-binding fragment extubits the
following characteristics: the aforementioned binding affinity is abrogated when Tyrosine (Y} at
anuing acid position 95, or Aspartic acid (I3} at anuno acid position 96, or said Y and sawd D, within
the EGF-like domain 11 of EpCAM are mutated {or have substituted mutations).

In ancther embodiment of the invention, the antibody or antigen-binding fragment comprises:

{a) a heavy chatn variable region, comprising: (1) complementarity determmning region 1 ({CDR1)
comprising SEQ ID NO: 4; (31} complementarity determming region 2 (CDR2) comprising SEQ D
NQO: §; and (311) complementarity determuning region 3 (CDR3) comprising SEQ ID NO: 6; and

{b} a light chain variable region, comprising: (1) CDR1 compnising SEQ D NO: 7; (1) CDR2
copprising SEQ 1D NO: §; and (3i1) CDR3 comprising SEQ 1D NO: 9,

In another embodiment of the Invention, the binding fragment comprises an Py fragment of the
antibody. Alternatively, the binding fragment may comprise an Fab fragment of the antibody.

In another embodiment of the invention, the antibody is a humanized monocional antibody.
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I another embodiment of the invention, the heavy chain variable region compnses the amino
acid sequence of SEQ 1D NG 24, and the hight cham variable region comprises the amino acid
sequence of SEQ 1D NO: 25

In another aspect, the invention relates to a purified or an isolated single-cham vanable fragment,
which comprises:

{a) a heavy chain variable region comprising the amine acid sequence of SEQ IDNO: 2 and a
Hght chain variable region comprising the amino acid sequence of SEQ ID NO: 3, or a heavy chain
variable region comprising the amino acid sequence of SEQ 1D NO: 24 and a light chain variable
region comprising the anino acid sequence of SEQ 1D NG: 25, and

{b) a linker peptide comnecting the heavy cham variable region and the light chain variable
TegIon.

Further in another aspect, the nvention refates to an isolated monoclonal antibody or an antigen~
binding fragment thereof, which exhibits the following characteristics:

{a) having a specific binding affinity to epithelial cell adhesion molecale (EpCAM) comprising
the amino acid sequence of SEQ ID NO: 1

{b) having a specific binding affinity to cancer cells expressing EpCAM, said cancer cells being
selected from the group consisting of oral cancer cells, nasopharyngeal cancer cells, colorectal
cancer cells, and ovarian cancer cells; and

{e) having no binding affinity to buman umbilical vein endothelial cell and normal nasal mucosal
epithelia.

In one embodiment of the mvention, said antibody or antigen-binding fragment exhubits a
characteristic of inducing apoptosis of said cancer cells and/or inhibiting growth of said cancer cells
i vivo.

In another embodiment of the mvention, said antibody or antigen-binding fragment exhibits a
specific binding affinity to an epitope within the sequence of KPEGALONNDGLYDPDCDE (SEQ
I NQO: 63) located within the EGF-like domain 1T of EpCAM.

In another embodiment of the invention, said antibody or antigen-binding fragment is labeled by
a detectable compound or an enzyme, or is encapsulated within a liposome.

In another embodiment of the invention, the antibody or antigen-binding fragment comprises:

{a) a heavy chain variable region compnising the amine acid sequence of SEQ ID NO: 2 and a
hight cham variable region comprising the anuno acid sequence of SEQ 1D NO: 3; or

{b) a beavy chain variable region comprising the amino acid sequence of SEQ ID NO: 24 and a

tight chain variable region comprising the aminoe acid sequence of SEQ 1D NQ: 25

[
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Further tn another aspect, the invention relates to a composition comprising: (3) an solated
antibody or antigen-binding fragment as aforementioned; (b} an anti-cancer agent; and (¢) a
pharmaceutically acceptable carmer.

Further i another aspect, the mvention relates to a method of inhubiting growth of cancer cells
andfor tamor-initiating cells, the method comprising administering to a subject in need thereof a
compesition that comprises: (a} an anttbody or antigen-binding fragment thereof as aforementioned;
and (b} a pharmaceutically acceptable carrier, wherein said cancer cells and/or twmnor-mitiating cells
express EpCAM.

In one embodiment of the invention, a humanized antibody or antigen-binding fragment is
administered to the subject. The cancer cells may be selected from the group consisting of oral
cancer cells, nasopharyngeal cancer cells, colorectal cancer cells, and ovarian cancer cells.

Yet in another agpect, the mvention relates to a method of detecting and/or diagnosing cancer that
expresses EpUAM, the method comprising:

{a) obtaining a cell or a tissue sample from a patient;

{b) contacting the cell or the tissue sample with the antibody or binding fragment as
aforementioned;

{c} assaving the binding of the antibody or binding fragiment to the cell or tissue sample; and

{d) comparing the binding with a normal control to determine the presence of the cancer that
expresses EpUAM in the subiject.

These and other aspects will become apparent from the following description of the preferred
embodiment 1aken in conjunction with the following drawings, althongh variations and modifications
therein may be affected without departing from the spirit and scope of the novel concepts of the
disclosure.

The accompanying drawings tlustrate one or more embodiments of the invention and, together
with the written description, serve to explain the principles of the mvention. Wherever possible, the
same reference numbers are used throughowt the drawings to refer to the same or like elements of an
embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the binding Activity of QCADBS-1 to Varions Cancer Cell Lines. {A) ELISA
analysis of the binding activity of OCADY-1 in various cancer cell hnes. NM-IgG was used as a
control. {B) Western blot analysis of OCADRY-1 mAb agamst oral cancer (SAS), nasopharyngeal
carcinoma {NPC), hung cancer (H441 and H520), colorectal cancer (HUT116, SW620 and COLO
203), ovarian cancer (SKOV-3), human umbilical vein endothelial cell (HUVEQ), and normal nasal

mucosal epitheha (NNM). {C) Immunohistochemical stainmg of anti-EpCAM mAb (OCADS-1) n

Lad
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human tissue array. Paraffin-embedded sections were incubated with OCADS-1 to detect EpCAM
expression in different human cancer tissues, meluding oral, breast, colon, ovary, pancreas, and
uterus, and their matched novmal tissues. EpCAM (stained brown}, hematoxylin (stained blue) nsed
as background stamning. Cell images were acquired at 200 * magmification.

FIG. 2 shows Identification of OCADbY-1-targeted Protemn. (A) Purification of QCAbY-1-targeted
protein by mmmunoatfinity chromatography. Lane 1, molecular weight marker; lane 2, purified
proteins from QCADLY-1-conjupated affinity column; and lane 3, Western blot analysis of purified
protems from QOCADY-1-conjugated affinity column. A 39 kDa protein {star depoted) was purified
and subjected to LOMS/MS analyses. (B) Swiss-Prot database confirms the target protein of
OCARS-1. Full-length of human TACSTD! (EpCAM) contained 314 amino acid polypeptieds. High
Hightened sequences indicated the hit peptide by LOMS/MS. (). SAS lysates with
mnmunoeprecipitated with OCADLS-1 antibody and subsequent blotted with rabbit anti-EpCAM mAb
{1144-1) and EpAb3-3, EpAb4-1 antibadies. (D) After the transfection of two EpCAM shRNAs
plasmuds (shEpCAM! and shEpCAM2) separately into the SAS cell Hues, the total RNAs of each
e were extracted and examed by QRT-PCR analysis. Both shEpCAMI and shEpCAM2 had a

clear suppressive effect on EpCAM mRNA expression in the transfected SAS lines. Samples of

0.001. (E) Western blot and (F} flow cytometry analvses were performed to evaloate anti-OCABS-1
mAb binding to control and EpCAM knockdown SAS cells.

FIG. 3 shows Characterization of anmti-EpCAM mabs. OCAbY-1 and EpAb mabs recognized
homan cancer cell hines. SAS, HOTT16, and NNM cells were mcubated with OCABY-1 and EpAb
mAbs. Binding activities of anti-EpCAM mAbs were measured by flow cytometry.
Immanofluorescence staining {A) and Western botting {B). SAS {C) and HCT 116 cells (D) were
treated with EpAb2-6 (0-20 up/mi) for 6 h, and cells death was measured by flow cytometry with
Annexin V-FITC and Pl double staining. Annexin V-FITC was used to determine the percentage of
cells within the population that are actively undergoing apoptosis at an early stage (6 hours).
Propidium todide (PI) was used to distinguish viable from nonviable cells.

FIG. 4 shows inhibition of Cancer Cell Growth in vifro and in vivo by EpCAM shRNA and
EpAb2-6. Knockdown of EpCAM expression m SAS cells by EpCAM shRNA {shEpCAM) LKO
shRNA vector alone {comrol shRNA) was used as a control. {A) Down-regulation of EpCAM
inhibited cell proliferation i SAS cells, Cell viability was performed by MTT assay. *% p<0.01,
A& p0.001. (B-D) Suppression of EpCAM inhibits colony formation (B) mugration (C} and
favasion {D} of twmor cells i vitro. (E} Suppression of EpCAM reduces tumor growth in vive. (B}

Suppression of EpCAM reduces tomor growth in vive, NOD/SCID mice bearing SAS~dertved namor
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xenogralls were treated with EpADb2-6 mAD (10 me'kg) or PBS, and tumor volumes were measared
{n == 6} (data were presented as mean + 5D, and p value was analyred by ~test). Ervor bars denote &
S P 005 (F) A Kaplan-Meier survival curve showed longer lifespan of mice treated with
EpAb2-6 and PBS {n = & o each group).

F1Gs. SA-D show EpAb2-6 reduces Tumorsphere Formation. EpAb2-6 increases hypodiploid
DNA content in HOTT16 {A) and tumorsphere (HCT 16 sphere) (B) by flow cyvtometry with
Propidium jodide (PI) staming. EpAb2-6 reduces tumorsphere formation {C). HCT116 sphere cells
were treated with EpAb2-6 for 6 days, and nurmbers of tumorspheres were counted (D).

FIG. 6 shows the effect of EpAb2-6 alone or EpAb2-6 i Combination with IFL Against
HCT116 Tamor-bearing Mice. (A) Mice bearing HCT116-derived colon cancer were administered
EpAb2-6, IFL, EpAb2-6 in combination with IFL, and PBS. The tumor sizes in each group were
determined (n = 6 in each group). Points, mean; bars, SD. (B) Body weight of each group. {(C) At the
end of the treatinent, tumor weight was measured. {D) Representative image of analysis depicted in
{C). ¥, p<0.05 denotes a significant difference.

FIG. 7 shows the development of Humanized Antibody Against EpCAM. The CDRs of EpAb2-6
were grafied onto human [gG1 backbone to create humanized EpAb2-6 (hEpAb2-6) (A). Binding
activity of hEpAb2-6 to human cancer cell hines. ELISA measured the binding activity of mEpAb2-6
and hEpADb2-6 to SAS (B) and CCD-11128k (T} cells. Nommal mouse IgG (NM-1g(G) and normal
human {gG (human 1gG) was used ax a negative control. (D) Western blot analysis of mEpAb2-6 and
hEpAb2-6 against NNM, SAS, and HCT116 cells. SAS (E) and HOTH 6 {F) cells were treated with
HEpAD2-6 (0-20 pg/ml) for 6 h, and cell death was measured by How cylometry with Amnexin-V
FITC and Pl double staining.

FiGs. 8A-B show identification of EpAb2-6-specific B Cell Epitopes. (A} We coustructed
various EpCAM mutations by changing the aming acikd on the wild-type of EGF-1 domain
{QSIANSSA) or EGF- I domain (Q89AMNI0A, DO2A/GOZA, LO4AYISA, LO4A YI5A or
D96A). (B} Various EpCAM mutants were expressed in HEK293 cells. After extracting the cell
protein, Western Bloting was used to test the reactivity of EpAb2-6 and EpAb3-S antibodies toward
various EpCAM mutants. Substitutions of Y95 and D96 led to a significant loss of binding activity
of EpAb2-6 mAbs, which reflected the sequence on EGF-H as shown in (A).

FIG. 9 shows elevation of EpCAM is Associated with Tumor-initiating and Self-resewal Ability
of Aurnor Cells. Elevation of EpCAM 15 determmned 1o spheroid and anoikis-resistant tumor cells,
{A) Bright field images of morphological alieration in spheroid, anotkis-resistance, and in adherent
HOT116 cells. (B) Real-time gPCR (lefi) and flow cyvtometry {C) analyses of EpCAM expression in

above cells are shown. (D) Spheroid formation from sorted EpCAM-high and -low expressed cells

L
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were cownted in triphicate. Representative images of tamorsphere from EpCAM-high and ~ow cells
are shown. (B} Evaluation of tumor-initiating capacity m spheroid and adberent HOT116 cells in
mice, Twnor incidence and tomor volume were monitored for 35 days. (F) Histological apalyses of
H&E stained tumor sections (top: mvasion front mfiltrating 1 between the adjacent murine skeletal
muscles, bottom: well-defined expansile tumor boundary rather than tissue infiltration is noted.

FIG. 10 shows EpCAM Up-regulates Reprogramiming Genes {¢-MYC, OCT4, NANQG, and
SOX2) Expression and Self-repewal of Cancer Cells. (A) Increasing EpCAM and reprogramnung
genes expressions in spheroid twmor cells. Real-time gPCR. {top left), Western blotting {top vight),
and imowmofluorescence staining (bottom) analyses of the expressions of EpCAM, o-Mye, Octd,
Nanog, and Sox2 in spheroid and adherent HCTH 6 cells. (B) Real-ime gPCR analysis of genes
expression in EpCAM-high and -low expressed HCT116 cells. {C) Ectopic expression of EpCAM in
HEK293 cells, and reprogramming gene expression were analyzed by real-time qPCR. (D) Real-time
gPCR analysis of EpCAM, c-Mye, Octd, Nanog, and Sox2 mRNA level i EpCAM knockdown
Hep3B and HCT116 cells. (E) Suppression of EpCAM reduces tumorsphere formation in Hep3B and
HOTHIO cells. Bar = 80 um. (F) Knockdown of EpCAM i temorsphere impacis self-renewal ability
in vitra, Experimental procedure is shown in above, ¥* p<0.01 denotes a significant difference. (G)
In vive limiting ditution assay demonstrates that EpCAM knockdown in tumorsphere inhibits tumor-
initiating capability. * p<0.01 was analyzed by log-rank test.

FIG. 11 shows expression of EpCAM is Associated with EMT Progression and Tumorigenesis.
{A) Immunofluorescence staming of E-cadherin (E-cad), ovtokeratin 18 (CKI8), and vimentin {Vim)
m EpCAM knockdown Hep3B and HOT116 cells. {B) Real-time gPCR (left) and Western blot
{right) analvses of EMT gene expression in EpCAM- knockdown Hep3B and HCT116 cells (C)
Real-time gPCR analysis of EMT gene expression in EpCAM-high and —low sorted cells. (D and E)
Suppression of EpCAM inhibits invasion (D) and colony formation (E) of tumor cells i viro. {F}
Suppression of EpCAM reduces tumor growth i vive. Subcutaneous injected with 2 x 10° of
HCT/LKO and HCT/EpCAM shRNA cells into NOD/SCID mice, tumor volumes were measured
every 3 dav (left) and wmor weights were measured at the end of the experiments (right) (n = 6). (G)
RNA from tumor extractions was analvzed by real-time qPCR {data were presented as mean £ 85D,
and p valne was analyzed by r-test).

FHG. 12 shows EplCD Participates in Regulating Self-renewal and EMT genes. (A) Laser
confocal immunofluorescence images of cellular localization of EplCD in HCT116 cells in the
presence oy absence of DAPT (50 uM). Bar=10 um. (B} Westemn blot analysis of EplCD cleavage
after treatment with DAPT in 293T/EpCAM-vS cells, and protein samples were blotted with either

EpICD or v5 antibody. {Black arrow indicated EpICD cleavage). (C-E) DAPT inhibits EMT genes
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expression {C), tumor Invasion (D), and temorsphere formation {E). {F) Overexpression of EpCAM
vp-reguiates transcriptional activities of ¢-Myge, Octd, Nanog, and Sox2. Promoter activities were
assessed by luciterase assay. (G) DAPT inbibiis EpCAM-induced o-Myve, Octd, Navog, and Sox2
ganscriptional activities. (H) EpICD induction of transeriptional activation of reprogramming genes.
{I-3} Chromaiin immunoprecipitation (ChiP) analyzing DNA occupancy by EplCD on -8 ¥(
OCTE, NANOG, and SOX2 genes m HOT116 and NNM cells. ™* p<0.01 denotes a significant
difference.

FH3. 13 shows EpEX serves ag a Transducer for Activation of EpCAM-signaling. (A) Western
blotting analysis of EpEXqey and full-length EpCAM protein expression in 2937 trasnfectants. (B)
EpEX mduces promoter activities of c-Myc, Nanog, Octd, and Sox2. Cells were etther transfected
with pEpEX291 {left) or added soluble EpEX (sEpEX; 2 ug/ml) (right), reporter activities of ¢-Mye,
Nanog, Octd, and Sox2 were assessed by luciferase assay. BSA was used for control treatment. ()
Extracellular release of EpEX in EpCAM-expressed cells. Immunoprecipitation and Western blotting
analyses of the releasing of EpEX level in culture supernatants (sup.) of HOCT116 cells. (D)
{dentification of EpEX ta culture supematant from HCT/LKO and from HOT/EpCAM shRNA cells.
(EY HCT110 cells were treated with DAPT (30 M), TAPE (40 M) or both (/T for 24 b, the
culture supernatants were immunoprecipitated with EpEX antibody, and whole cell lysates {WCL)
were subjected to Western blotting with anti-EpEX (muddle panel) or anti-EplCD (lower panel)
antibodies. Black arrow: soluble EplCD{ gray arrow: intermediate EplCH. (F) HOT116 vells were
transtected with pEpEX291-v5 (0.5, 2 pg) for 72 b {left) or weated with sSEpEX (2.5, 5 ug/ml)
{right), the culture supernatants and cell lysates were analyzed by Western blot as described above.

FIG. 14 shows correlation Between EpCAM (EplCD) with Self-renewal Gene Expression and
Cancer Malignancy. (A) Immunofluorescent images of cellular localization of EpEX and EplCD in
human colorectal carcinoma {HCRC), adjacent normal mucosa, and in normal colon tissue.
Representative images are shown in separated fmage by EpEX (green) and EpICD (red) (upper
panel}, merged image {middle panel}, and enlarged region from respective image {dash-box) {lower
panel), Arrows indicate cellular focalization of EpICD in the nucleus (HCRC) and i the membrane
where colocalization with EpEX (adjacent normal mucosa) ocourred. Immunohistochemisiry
analysis of EplCD protem expression by human colon cancer tissue microarray. Representative
images are shown in randomly enlarged local view (B), and box plot of EplCI expression m normal
and tumor with different grade was performed (C}, # value was analyzed by stest. FIG. 14D shows
cellular localization of EplCD expresses i membrane (M), cytosel {C), and nucleus {N). Right
image is shown in enlarged local view from boxed region of the left image. Expressions of EpCAM,

c-Mye, Nanog, Octd, and Sox2 mRNA level in 42 hwnan colon cancer patient were determined by
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gPCR analysis. Correlation between EpCAM and reprogramming genes was evaluated by
Spearman’s analysis (E).

FIG. 15 1s a summary of the main features of mAbs against cancer cells.

FIG, 1638 a summary of the matn features of antt-EpCAM mAbs,

FIG. 17 shows the amino acid sequence of Vy and V. domains of EpAb2-6.

FIG. 18 shows kinetic constants and binding affinities of ant-EpCAM mAbs,

FIG. 19 shows alignment of phage-displayed peptide sequences selected by EpAb2-6.

DETAILED DESCRIPTION OF THE INVENTION
DEFINITIONS

Unless otherwise defined, all technical and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which this invention pertains. In the case
ot conflict, the present document, mcluding definitions will control.

As used herein, “around”, “about” or “approximately” shall generally mean within 20 percent,
preferably within 10 percent, and wore preferably within S percent of a given value or range.
Numerical quantities given herein are approximate, meanmng that the term “around”, “about”™ or
“approximately”™ can be inferred if not expressly stated,

Abbreviations: mAb, monocional antibodies; NNM, Normal nasal mucosal; FACS, flow
cyvtometric analysis; ELISA, Enzyme-linked immunosorbent assay; EMT, epithelial-mesenchymal
ransition; Quantitative Reverse Transcription Polvmerase Chain Reaction {(RT-PCR); ChiP,
Chromatin Immuneprecipiiation; GAPDH, glyceraldehyde-3-phosphate dehvdrogenase; HUVEC,
Human Urnbilical Vein Endothelial Cells; THC, mumunohistochemistry; CDR, complementarity-
determining region,

As used herein, “preparation” shall generally mean something prepared, manufaciored, a
sulsstance sapecially prepared.

As used herein, the term “antibody™ means an immunoglobalin {Tg) molecule or a fragment of an
immunoglobulin molecule having the ability to specifically bind to a particular antigen. The Ig
monomer is a "Y"-shaped molecule that consists of four polypeptide chaing; two dentical heavy
chains and two ideatical light chains connected by disulfide bonds. The arms of the Y, for example,
contain the site that bind antigen and, therefore, recognize specific foreign objects. This region of the
antibody 1s called the Fab {fragment, antigen binding) region.

As used herein, the term "antibody™ means not only full-length antibody molecules but also
fragments of antibody mwolecules retaming antigen binding ability. Such fragments ave also well

known i the art and are regularly employed both i viro and in vivo. The term "antibody™ means
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not only foll-length mununoglobulin molecules but also antigen binding active fragments such as the
well-known active fragments Flab'),, Fab, Fv, and Fd

The fragment antigen-binding (Fab fragment) is a region on an antibody that binds to antigens. It
is composed of one constant and one variable domain of each of the heavy and the light chain. The
two variable domains bind the epitope on their specific antigens. Fc and Fab fragments can be
generated in the laboratory. The enzyme papain can be used to cleave an immunoglobulin monomer
mto two Fab fragments and an Fo fragment. The enzyme pepsin cleaves below hinge region, so a
F(ab'), fragment and a pFe’ fragment is formed. The enzyme IdeS (Immunoglobulin degrading
enzyme from Strepiococcus progenes, trade name FabRICATOR™) cleaves I2G in a sequence
specific manner at neatral pH. The F{ab'); fragment can be sphitinto two Fab' fragments by mild
reduction.

The vartable domain of an antibody is referred to as the Fy region and is the most important
region for binding to antigens.

An “Fv fragment” is an active antibody fragment (Fv) composed of the variable portions of
heavy and light chaing. The “Fv fragment™ consists of the heavy chain variable domain (VH) and the
Hight chain varigble domain (VL } held together by strong noncovalent interaction. Thus, each Fv
fragment contains one intact antigen-binding site and represents the minimal active fragment
derivable from an antibody molecule.

The vartable regions of the heavy and Huht chains can be fused together to form a single-chain
variable fragment (scFv), which is only half the size of the Fab fragment, vet retains the original
specificity of the parent immmunoglobalm

It has been reported that “fully” human antibodies may avoid some of the side effects of
humanized and chimeric anttbodies, Two successful approaches were identified — phage display-
generated anttbodies and mice genetically engineerad o produce more human-like antibodies. Phage
display could be used such that variable antibody domains could be expressed on filamentous phage
antibodies.

It 1s now well-established i the art that the non-CDR regions of a mammalian antibody may be
replaced with similar regions of conspecific or heterospecific antibodies while retaining the epitopic
specificity of the original antibody. This is most clearly manifested in the development and use of
"humanized” antibodies in which non-human CDRs are covalently joined to human FR and/or
Fo/pFe regions to produce a functional antibody. Thas, for example, PCT International Publication
Number WO 92/04381 teaches the production and use of humanized murine RSV antibodies in
which at least a portion of the murine FR regions have been replaced by FR regions of human onigin,

Such antibodies, inchidimg fragments of full-length antibodies with antigen-binding ability, are often
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referved 1o as "chimeric” antibodies. Such chimeric antibodies may be produced in which some or all
of the FR regions of the antibody have been replaced by other homologous human FR regions.

Humanized forms of non-humas {e.g., murine) antibodies are chimeric imwunoglobuling,
mmupnoglobulin chains or fragments thereof (such as Fy, Fab, Fab', Fab'}); or other antigen-binding
subsequences of antibodies) which contain minimal sequence derived from non-human
mmunoglobulin. Humanized antibodies include human immunoglobuling (recipient antibody) in
which residues from a complementary determiining region (CDR} of the recipient are replaced by
residues from a CDR of a non-huwman species (donor antibody) such as mouse, rat or rabbit having
the desired specificity, affinity and capacity. In some instances, Fv framework residues of the human
smamunoglobulin are replaced by corresponding non-human residues. Homanized antibodies may
also comprise residues which are found neither in the recipient antibody nor in the imported CDR or
framework sequences. In general, the bumanized antibody will comprise substantially all of at least
one, and typically two, variable domains, in which all or substantially alt of the CDR regions
correspond to those of a non-human inmunoglobulin and all or substantially all of the FR regions are
those of a8 human mmunoglobulin consensus sequence. The humanized antibody optimally also will
comprise at least a portion of an immunoglobalin constant region {F¢), typically that of a human
wnmunoglobulin {Jones et al., Nature, 321:5322-525 (1986); Riechmann et al., Nature, 332:323.329
{1988); and Presta, Curr. Op. Struct. Biol,, 2:593-596 (199231

Methods for hbumanizing non-human antibodies are well known in the art. Generally, a
humanized antibody has one or more anino acid residues Introduced tato it from a source which s
non-heman. These non-homan amine acid residues are often referred to as "mmpont” restdues, which
are tvpically taken from an "impon" variable domain, Homanization can be essentially performed
following the method of Winter and co-workers [Jones et al,, Nature, 321,522-525 (1986);
Rischmann et al,, Nature, 332:323-327 (1988} Verhoeyen et al,, Science, 239:1534-1536 {1988}, by
substituting rodent CDRs or CDR sequences tor the corresponding sequences of a uman antibody.
Accordingly, such "humanized" antibodies are chimeric antibodies (1.5, Pat. No. 4,816,567),
wherein substantially less than an intact human variable domain has been substitated by the
corresponding sequence from a non-human species. In practice, humanized antibodies are typically
human antibodies in which some CDR residues and possibly some FR residues are substituted by
residues from analogous sites in rodent antibodies.

Human antibodies can also be produced using various technigues known in the arnt, mcluding
phage display hibraries. The techniques of Cole et al. and Boerner et al. ave also available for the
preparation of human monoeclonal antibodies (Cole et al, Monoclonal Amtibodies and Cancer

Therapy. Alan R. Liss, p. 77(1985) and Boemer et al., 1 Invmunol., 147(1):86-95 (1991)]. Sinularly,
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human antibodies can be made by mivoducing of hwman ymmunoglobulin logt into transgenic
animals, e.g., mice in which the endogenoas immunoglobulin genes have been partially or
completely wactivated. Upon challenge, human antibody production is observed, which closely
resembles that seen in humans 1 all vespects, including gene rearvangament, assembly, and antibody
repertoire. This approach is described, for example, in ULS. Pat, Nos. 5,545,807 5,545 806,

5,569, 825; 5,625,126, 5,633,425, 5,661,016, Such fully lneman or bumanized monoclonal anttbodies
will have particular utility in that they will not evoke an immnune response against the antibody self
See U5, Patent Neo. 7,622,113, which 1s herein incorporated by reference in its entirety.

The antibody may be labeled and may be wmobilized on a solid support. The word "label” when
used herein refers to a detectable compound or composition which is conjugated directly or indirectly
to the antibody so as 10 generate a "labeled” antibody. The label may be detectable by itself (e.g.
radioisotope labels or fhuorescent labels) or, i the case of an enzymatic label, mav catalyze chemical
alteration of a substrate compound or composition which is detectable.

EXAMPLES

Without mient to himit the scope of the mvention, exemplary instruments, apparatos, methods and
their related results according to the embodiments of the present invention are given below, Note
that titles or subtitles may be used in the examples for convenience of a reader, which In no way
should limit the scope of the invention. Moreover, certain theories are proposed and disclosed
herein; however, in no way they, whether they are right or wrong, should limit the scope of the
nvention so long as the invention is practiced according to the invention without regard for any
particular theory or scheme of action.

Materials and Methods

Cell Lines and Culture. The following human cell lines were used: oral canecer (FaDu and
SAS), nasopharyngeal carcinoma (NPC039), ovarian cancer (SKOV-3), lung cancer (CL1-5, Hd41
and H320), pancreatic cancer {MIA PaCa-2), colorectal cancer (COLO 205, HCT116 and SW620),
hepatocelhular carctnoma (Hep3B and Mahlavuy, renal cell carcmoma (A498), prostate cancer (PC3),
CCD-11128k (human normal foreskin} and primary caliure of normal nasal mucosal epithelia
{NNM). NPC were established in ow laboratory (Lin et al. (1993) “Characterization of seven newly
established nasopharyngeal carcinoma cell lines™ Lab. Invest. 68716727} Mabhlave were obtained
courtesy of Dr. Michael Hsigo (Genomic Research Center, Acadenya Sintca). Primary coliure of
normal nasal mucosal epithelia (NNM) were adopted fromw surgery of patients with nasal polyposis
{Lee et al., (2007} “Effect of Epstein-Barr virus infection on global gene expression in
nasopharvageal carcinoma”™ Fanct. Integr. Genomics 7, 79-93). Human umbilical vem endothehial

cells (HUVECs) were purchased (Lonza, Walkersville, MDD} and were grown in EBM-2 medium

11
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{Lonza, Walkersville, MB). Human oral cancer celt line SAS was obtamned from the Japanese
Collection of Research Bioresouarces (Tokyo, Japan). The cells were cultivated m 5% U0y at 37 °C
in Duthecco modified Eagles” mediom {DMEM) supplemented with 10% FBS. Lung
adenocarcinoma cell fine (CLI-8) (Chu et al., {1997) "Selection of invasive and metastatic
subpopulations from a human lung adenocarcinoma cell ine™ Am J Resgpir Cell Mol Biol. 77, 353-
60} provided by Dr. Pan-Chyr Yang was cultured in RPMI medium supplemented with 10% FBS.
Other cell lines were purchased from ATCC and were cultured in Dulbecco’s Modified Eagle's
mcubator containing 5% CO:. These cells were cultnred by ATCCs protocols and had been
passaged for fewer than 6 months after resuscitation. FaDu (pharynx carcinoma).

Generation of Monoclonal Antibodies and Purification of IgG. Monoclonal antibodies against
SAS cells and EpCAM antigens were generated following a standard procedure with slight
medifications {Wu et al. (2003). “Identification of a dengue virus type 2 {DEN-2} serotype-~specific
B-cell epitope and detection of DEN-2-imnumnized antmal serunt samples using an epitope-based
peptide antigen™ 1. Gen. Virol. 84, 2771-2779; Liu et al. (201 1) “Molecular mimicry of leman
endothelial cell antigen by autoantibodies o nonstructural protein 1 of dengue viras™ J. Biol, Chem,
286, 9726-36). Briefly, female BALB/c] mitce were immunized intraperitoneally with SAS four
times at 3-week intervals. On day 4 after the final boost, splenocytes were harvested from the
immunized mouse spleen and fused with NSI1-Agd-1 myeloma cells by 50% polvethyiene glycol
{(GIBCO, CA, USA}. Fused cells were suspended in DMEM sapplemented with bypoxanthine—
amunopterin-thymidine (HAT) {(SIGMA™ 51 Lous, MO} and hybnidoma clonmg factor (ICN,
Aurora, Ohio) and then plated in 96-well plates. These hyvbridomas, which were positive for SAS but
negative for NNM, were then subcloned by hmited dilution and preserved 1o hiquid nitrogen. Ascites
were produced in pristane-primed BALB/ ! mice and mAbs purifiad with protein G Sepharose 4G
gel (GE Healthcare Biosciences, Pittsburgh, PA).

ELISA. 96-well plates (Corning Costar, St. Louis, MO} were seeded with SAS {oral carcinomaj,
NPC, HCT116 (colon cancer), SKOV3 (ovanian cancer cell line), NNM and HUVEC cells. The
plates fixed with 2% paraformaldehvde and blocked with 1% bovine serum albamin. OCAbS-1 was
added to the plates and incubated for 1 h. The plates were then washed with PBS containing 0.1%
{wiv) TWEEN® 20 {(PBSTo.) and incubated with horseradish peroxidase-conjugated anti-mouse IgG
{Jackson ImmunoResearch Laboratories) for another 1 h. After washing, the plates were incubated
with substrate sohution o-phenylenediamine dibydrochlonde (SIGMA™Y. The reaction was stopped

by adding 3 N HCI, and the plates were read using g microplate reader at 490 nmu
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Flow Cytometry, SAS, HOT116 and NNM were dissoctated with 0.25% trypsin- EDTA (1T mM)
(INVITROGEN®R) for 1-3 muin. Cells were washed with fluorescence-activated cell sorting baffer
(PBS comaining 196 fetal calf serum) and then incobated for 1 hoar4 °C in fluorescence-activated
cell sorting baffer with the OCADLS-1 and EpAb mAbs at dilutions that ranged from 0.00081 tw 1
pg/ml, Phycoervihrin-conjugated goat anti-mouse IgG was used as a secondary antibody {dilution
1:250; Jackson ImmunoResearch Laboratories {West Grove, PA) for 30 min at 4 °C. After the final
wash, the cells were re~-suspended with 1% FBS i PBS and analyzed by flow cyviometry (BD, San
Jose, CA).

Immmunofluorescent Staining. Cells cultured on cover slips were fixed In paraformaldehyde,
washed, and then blocked with 1% bovine serum albumin in PBS for 10 min. Cells were incubated at
room temperature with primary antibodies i 1% bovine serum albumin. After | h incubation, cells
werg washed and incubated with fluorescein isothiocyanate (FITC) goat anti-mouse antibody
{Jackson ImmunoResearch Laboratories), AlexafluordS88 goat-anti-mouse or Alexaflour368 goat-
anti-rabbit (INVITROGEN®) antibodies. 4.6-Diamidino-2-phenvlindole {DAPI) was added for
nuclear counter staining.

Immunohistochemistry Assay. Tumor tssues from mice or human tssue arrays (Pantomics
inc., San Franscico, CA) were incubated with antibodies and then with horseradish peroxidase
{ HRP}-conjugated secondary anttbody. The sections were finally incubated with diaminobenzidine
and counterstained with hematoxyvlin, Human colon cancer tissue microarray and 15 major types of
cancer tissue assav (TMA BCOSOTT and TMA MTU391) were purchased from BIOMAX®, The
expression of EplCD was guantified using HistoQuest software {TissueGnuostics, Vienna, Austria).
Standardized automatic acquusition was performed by AQuest software {TissueGnostics, Yienna,
Austria) with controlling filters, camera, and motor stage (Marzhduser, Wetzlar, Germany). For
image cytometry, all images were oblained using Tissue-Faxs software (TissueGnostics, Vienna,
Austria).

Identification of the Target Protein, SAS cells were lysed with lysis bufter (50 mM Tris-HCY
pH 7.4, 150 mM NaCl, 1% NP-40) supplemented with a protease mhibutor cockiail tablet {Roche,
Indianapohis, IN). The supernatant was applied to protem (G sephavose (GE Healthcare Biosciences,
Pitsburgh, PA) coupled with QCADLY-1. After washing, the proteins bound to QCADYS-1 were eluted
with elution baffer (0.2 M Glveine, pH 2.5, 150 mM NaCl, and 1% NP-40), and the eluates were
neutralized with 1 M Tris-HCE pH 9.1 (Liw et al., 201 1) The eluates were separated by SDS-PAGE.
The band of interest was cut from the gel, reduced with 50 mM dithioervihreitol {DTE} in 25 mM
ammonium bicarbonate (ABC) at pH 8.5 for 1 br at 37 °C, and alkylated with 100 mM

todoacetamide (IAA) in ABC for 1 hr at RT. After washing with 50% acetonitrile in ABC, the gel
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was soaked m 100% acetonitrile and incubated with 0.02 pg trypsin for 16 hes at 37 “CL The digested
peptides were extracted with 50% acetontirile 1n 5% TFA and were concentrated using a
Concentrator (Eppendort, Hamburg, Germany). The sample was analyzed by LO-MS/MS
sequencing in the Core Facility for Proteomics and Structaral Biology Research at Academia Sinica.

Imimuneprecipitation and Western Blot Analysis. Cells were extracted with RIPA buffer (0.01
M sodium phosphate (pH 7.2), 1530 mM NaCl, 2 mM EDTA, 50 mM NaF, 1% Nonidet P-40, 1%
sodium deoxycholate, and 0.1% SDS), supplemented with a protease inhibitor mixture tablet (Roche,
indianapelis, INY and spun at 20,000 g for 30 muin at 4 °C. The supernatants were
unmunoprecipitated using anti-EpCAM antibodies. HRP-conjugated secondary antibodies {Jacksen
Immuno Research Labs, West Grove, PA) were used and the signals were developed using enhanced
chemiluminescence reagents (ECL) (Thermo Scientific, Reckford, 1L},

Apoptosis Assays. Cells were separately seeded and treated with 0-20 pg/mi mAbs for 6 b
Apoptotic cells were detected by Annexin V-FITCU gand Pl and analyzed by a flow cytometer (BD
mmnununecviometry systems, San Jose, CA). Early apoptosis was measured with the Annexin V-
FITC Apoptosis Detection kit I {BD Pharmingen, La Jolla, CA). Apoptotic nucler were detected
with propidium rodide (P1) staining.

Animal Medel for Analysis of Antitumor Efficacy. SCHD mice bearing SAS-derived oral
cancer xenografts (~75 mm'} were intravenously injected in the tail vein with EpAb2-6 or equivalent
volumes of PBS. Treatments were administered through tast vain injection, 10 mgfkg twice a week,
for 4 consecutive weeks, with g total dose of 88 medke. Tomors were measured by calipers twice
weekly, and mice were observed routinely for weight loss as a symptom of drug toxicity. The wmor
volumes were calculated as length # (width)” x 0.52. For combination therapy tumor model, SCID
mice bearing HOT116-derived coloni cancer xenografls (~30 mm’) were divided into four groups
based on the different treatment regimens (EpAb2-6, IFL., EpAb2-6 plus IFL, and PBS conuol). For
the groups receiving EpAb2-6 only, mice were administrated with the EpAb2-6 monotherapy at a
dose of 20 mg/kg through fatl-vein by intravenously {1.v.} injection twice a week for 4 weeks
{(Weekly x 4). For the groups receiving IFL only, IFL (5-FU of 25mg'kg + leucovorin of 10 muky +
winotecan of 10 mg'kg) were also adminsstrated by mtravenousty {Lv.) injection twice a week for 4
weekly (Weekly « 4). For combination treatment groups, EpAb2-6 was adnunistered 24 h before
IFL; both EpAb2-6 and IFL were given at the same dosage cycle as the other two groups. The
procedures for EpAb2-6 combination IFL were modified from a previous report { Azrak RO et al.
{2004} “Therapeutic synergy between irinotecan and 5-fluorouracil against human tumor xenografis”

Chin Cancer Res. /8, 11219 Kim et al. {2010} “Dendritic cell vaccme in addition to FOLFIRI
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regimen improve antitumor effects through the inhibition of mmunosuppressive cells i murine
colorectal cancer model” Vaccine 28, 7787-7796).

Cloning and CDR Sequencing of Anti-EpCAM Antibodies. Total RNA was extracied from
hybridoma cells vsing the TRIzol reagent (INVITROGEN®), and mBNA was 1solated with the
NucleoTrap mRNA Mint Kit (Macherey-Nagel GmbH & Co. KG.). Panfied mRNA was reverse
transcribed using oligo {d1) as a primer in a ThermoScript RT-PCR system (INVITROGEN®). The
variable heavy- and light-chain domains (Vy and Vi) were amplified from the ¢cDNA product by
POCR with a vanety of primer sets. The PCR products were cloned using the TA kit (Promega,
Madison, W1}, and the Vy and Vy, sequences were determined by DNA sequencing. Software Vector
NTI (InforMax) was used for sequences analysis. From these sequences, the framework regions {(FR)
and complementarity-determining regions {CDR) were analyzed through comparison with those
found in the Kabat database and with alignment to ImMunoGeneTics database (Lefranc et al. (2009)
“IMGT, the international ImMunoGeneTics information system™ Nucleic Acids Res. 37, D1006-12).

Construction and Expression of Hamanized EpAb2-6. Humanized EpAb2-6 Vi consisted of
the madified FR1 to FR4 from the accession DI164282 gene, and the CDR1 to CDR3 of the EpAb2-
6 Vi, respectively. The humanized EpAb2-6 Vy, CDRs consisted of the modified FRs from the
accession GM882764 gene and the CDRs of the EpAb2-6 Vy. The resulting Vi was cloned into
moditied expression vector peDNAZT (INVITROGEN®) with a signal peptide and human 1gGl
The Vy and Vi plasmids were cotransfected mto CHO-K 1 cells and selected by G418 and
puromycin for 2-3 weeks. Transformed cells were Tt diluted 1 96-well plates. After two weeks,
stable clones produced humanized antibody in the McCoy’s 5A medium (SIGMA-ALDRICH®) and
were identified by ELISA. Humanized antibodies were produced by CELLine AD 1000 (INTEGRA
Biosciences, Switzerland), according to manutacturer’s recommendations,

Phage Display Biopanning. The phage display biopanming procedures were performed
according to previous reports (W, et al., 2003 Liu, et al., 2011} Briefly, an ELISA plate was coated
with mAbs at 100 yg/ml Samples of 100 pg/mi mADb were then added to wells and incubated at 4 °C
for 6 h. After washing and blocking, the phage-displaved peptide library {(New England Biol.abs,
Inc.) was diluted to 4 x 10" pfu of phage and incubated for S0 mins at RT. After washing, bound
phage was ehuted with 100 mi of 0.2 M glvane™CT (pH 2.2} and newtralized with 13 miof 1T M
TrisHCT (pH 9.1). The eluted phage was amplified in ER2Z738 (New England Biolabs, fnc. MA,
USA) for subsequent rounds of selection. The phage was titrated on LB/APTG/X-Gal plates. The
biopanning protocol for the second and third rounds was identical to the first round except for the

addition of 2 x 10" pfa of amplified phage for biopanning,
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ldentification of EpAb2-6 Epitopes by EpCAM Mutants. We ased the recombinant
expresston plasmid peDNA™3.1/VS-His to generate EpCAM mutants. Various EpCAM mutants
were generated by site-directed mutagenesis derived from peDNA™3 1/V3-His as a template. PCR
was performed vsing phu ulira DNA polymerase (MERCK) and all mutant constructs were
confirmed by sequencing. HEK293 cells at 80%6-90% confluency in 6-well plates were transfected
with plasnnds of various EpCAMs. After two days transfection, the cells were washed with PBS,
Cells were extracted with RIPA buffer, supplemented with a protease inhibitor mixture tablet and
spun at 20,000 g for 3¢ min at 4 °C. The wild-type and mutated recombinant protein were stained by
ncubating with 1 pe/md primary antibody (EpAb2-6 or EpAb3-3), followed by HRP-conjugated
secondary antibodies (Jackson Immuno Research Labs, West Grove, PA). The signals were
developed using enhanced chemiluminescence reagents {(ECL) (Thermo Scientific, Rockford, 1L).

Surface Plasmon Resonance, The affinity of murine and humanized antibodies was performed
by surtace plasmon resonance (BlAcore T100, Biacore, Inc). EpCAM antigen was immobilized on a
Series 5 Seasor Chip COMS (Biacore, Ing) and injected at a flow rate of 10 ulimin. The mAbs were
diluted in HBS-EP™ buffer (Biacore, Inc) and injected at a flow rate of 30 ulimin for 1.5 min, and
were allowed to dissoctate over 5 min. Regeneration of the surface was achieved with an injection of
10 mM glveine HCL 0.2 M NaCl (pH2.5) belore cach mAb injection. The data were analyzed by the
BlAevaluation software with a global it 1:1 binding model.

RNA Extraction and Quantitative Real-time RT-PCR, Total RNAs were prepared from the
cell hines using ULTRASPEC RNA isolation reagent {Biotecy Laboratories, Houston, TX). ¢DNAs
were reverse-transcribed using Super-Seript 1T RNaseH-reverse transcriptase (INVITROGEN®,
Carlshad, CA) according to the manuvfacturer’s instractions. The forward and reverse primers used
for cloning, Quantitative RT-PCR are listed in Table 1. Quantitative RT-PCR was performed by
usmg the LightCyelerd80 System {Roche Applied Science}. The gene expression level of each
samnple was normalized 1o the expression level of GAPDH in the same sample. The reactions were
performed i triphcate, and 5.0 values were calculated.

Table ¥

Assay Gene Sequence (3°23°)

Q-RT- | FpCAM | F: CTCCACGTGUTGGTUTET (SEQ D NO: 26)
PCR CTOTTTTAGTTCAATGATGATCCAGTA (SEQ ID NO: 27)

R
primers | ¢-Myve Fr AAACACAAACTTGAACAGUTAC (SEQ 1D NO: 28)
R ATTTGAGGCAGTTTACATTATOG (SEQ ID KO 29

Nawog | F ATGCCTCACACGGAGACTGT (SEQ 1D NO: 30)
R: AGGGCTGTCCTGAATAAGCA (SEQ 1D NO: 31)
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Sex?

FI TATTTGAATCAGTUTGCCGAG (SEQ 1D NGy 3

SATQTACCTOTTATAAGGATGATATTAGT (SEQ ID NQO: 33)

g

AGCAAAACCCGGAGGAGT (SEQ 1D NO: 34)
D CCACATCGGCCTGTGTATATC (SEQ 1D NO: 35)

B

coadherin

FGAACTATCAAAAGTGOGGUTTG (SEQ ID NO: 36)
CAAATTGCCAGGCTCAATGAC (SEQ 1D NO: 37)

Fimentin

GTTTCCCCTAAACCGCTAGG (SEQ 1D NO: 38)

TAGCCGAGAGTGGCAGAGGA (SEQ ID NO: 39)

Shetif

CTTCGGCTCCAGGAGAGTC (SEQ 1D NO- 40)
TTCCCACTGTCCTCATCTGAC (SEQ 1D NO: 41)

Stug

TOGTTGCTTCAAGGACACAT (SEQ ID NQ: 42
COTTGCAGTGAGGGCAAGAA (SEQ ID NO: 43)

GAPDH

CTTCACCACCATGGAGGAGGC (SEQ D NO: 44)
GGUATGOACTGTGOTCATGAG (SEQ ID NGO 45)

{8 FR&¥A

GUAATTATTCCCCATGAACG (SEQ 1D NQO: 46)
C GGOGACTTAATCAACGCAAGC (SEQ ID NQ: 47)

ChipP

primers

o-Mye

GCCTGCGATGATTTATACTCAC (SEQ ID NO: 48)
 AAACAGAGTAAGAGAGCCG (SEQ ID NO: 49)

At
Nanog

TCTTCAGGTTCTOTTGUTCG (SEQ 1D NO: 50)

R: GTTAATCCCGTCTACCAGTOTC (SEQ D NG: 3D

So?

GOATAACATTGTACTGGGAAGGOACA (SEQ ID NO: 532}
CCAAAGTTTCTTTTATTCGTATGTGTGAGCA (SEQ ID NO: 53)

Oetd

 CGCCTCCAGTOOGOAACCTGGAGGATCGOCAAG (SEQ ID NO: 54)

TATAAGCTTGOGGOGAAGGAAGGCGCCCCAAG {SEQ 1D NO: 55)

AP

TCCAAGUGTGTAAGGHT (SEQ 1D NO: 56)

C GAAGGGACTGAGATTGGC (SEQ ID NO: 57)

Cloning

primers

EpEX

TATAAGCTTACCATGGCGCCCCCGT (SEQ ID NO- 58)
- CGCCTCGAGAATAACCAGCACAA (SEQ 1D NO: 59)

FpCan

GATAAGCTT ATGGCGCCCCCGCAGGTC (SEQ ID NO- 60)
L GATCTCGAGTGCATTGAGTTCCCTATGCATCTCACC (SEQ ID NO: 61)

Sphersid Assay. For spheroid formation, culture cells were disassociated into single cells. 5 x

10 cells were seeded at an ulira-low 6-well plate (CORNING™ for 6 days and were maintained in
DMEM/F 12 sapplemented with B27 (INVITROGEN®), EGF (10 ng/ml) and FGF (23 ng/ml) twice

a week. The spheres were counted under & microscope. For serum-induced differentiation assay,
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tumorspheres were caltured In matngelcoated plate supplemented with DMEM containmg 10%
FBS for 7 days to induce the differentiation process.

Plasmid Constructions, Full-length human EpCAM was cloned into pcDNAZT vector tagged
with v5 and 6xHis. The pEpEXye (composed of the extracelhular and transmembrane domain of
EpCAM) and pEpICD plasmids were sub-constructed from pcDNA3 1-EpCAM. Luciferase reporter
activities were constructed by inserting the PCR fragments of - M ¥C {(-1224/+47 yelated to
transcriptional start site), OCTH (-2616/+1), and NANOG (-1590/4250) into pGL4.1 plasmid
{Promega). Lentivirus encoding small hairpin RNA of EpCAM {pLKO-shEpCAM) and the contrel
plasmd pLRO-AST were obtained from RNAIL core facility (Academia Sinica).

Lentivirus Infection. HEK293T packaging cells were co-transfected with packaging plasmid
{(PCMV-ARB.91), envelope (pMBDG), and hairpin pLKO-RNAI vectors by PolvIET wansfection kit
{SignaGen Laboratories). After 48 h post-transfection, virus~-contaming supermnatant were collected,
mixed with fresh medium contaming polybrene {8 pg/mi), and incubated with target cells fora
further 48 h infection. The transduced cells were selected with puromyein (4 pa/ml) for 4 day.

Luciferase Reporter Assay. Cells were seeded in a plate and co-transfected with pcDNAZ3 L
EpCAM, EplCD, or EpEX-expressing vectors (400 ng) and pGL4-Octd-Luc, Nanog-Luc, Sox2-Luc,
or ¢-Myc-Luc-expressing plasmid (100 ng) by PolvIET for 24 b, Promoter activities were measured
by the Dul-Glo Luciferase kit (Promega), and the transfected efficiency was normahzed by co-
transfection with pRL-TK {20 ng) as an internal control.

Colony Formation and Invasion Assay. For colony formation assay, cells were seaded ata
density of 5 x 10° in Gowell plate tor 10 day, followed by fixing and staining with crystal violet. For
invasion assay, cells {1 % 10°) were seeded at a transwell insert (8-pun polyvcarbonate Nucleopore
filters, Corning) coated with Matrige! (BD Biosciences) at room temperature for 30 min to form a
genuine reconstituted basement membrane. After 24 b incubation. cells were fixed with methanol for
10 min, aud von-invaded cells were then removed by cotton swap. The invaded cells were observed
by staining with DAPL, imaged under an inverted fluorescent microscopy {Zeiss), and quantified by
{maged software.

Statistical Analysis. All data were dertved from at least three-independent experiments. Values
are expressed as mean = SD. The sigmificance of difference from the respective control for each
experimental fest condition was calculated using Student’s f+test, unless specified otherwise. ® p
value < 0.03, ¥* p value < Q.01 or ¥ p value < 0.001 was regarded as a significant difference.
Survival analysis was performed by log-rank test. Correlation coefficient was assayed by Spearman’s

analysis,

Results
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Generation and Characterization of mAbs that Recognized Oral Cancer Cells

For the generation of monoclonal antibodies against oral cancer, we injected SAS cells tuto the
BALB/¢) mice. More than 8 000 hybridoma clones were screened, and rwelve clones exhibiting
higher reactivities against SAS cells were selected (FIG, 15). Cellular ELISA and Western blot
analyses showed that QUADbY-1 specifically recogmzed several human cancer cells but not normal
cells, such as NNM or HUVEC cells (FIG. 1), Further experiments using various human cancer
tissue arrays also showed that OCAb9-1 was able to specifically recognize human cancer tissues of
different origins, but not normal tissues (FIG. 1C).

For target molecule wdentification, the SAS cell lysates were prepared and purified by OCAbBS-1-
conjugated immunoaffinity chromatography. Silver stain and Westem blotting demonstrated that
OCADY-1 recognized a target protein with a molecular weight of 39 kDa (FIG. 2A). Protein identity
was analyzed by LO-MS/MS, we found the target protemn of OCADBY-1 to be a human EpCAM (FIG.
28). The specificity of OCADY-1 to EpCAM was confirmed by conducting imimunoprecipitation and
Western blotting in parvalle! with commercial anti-EpCAM antibody 1144-1 (Santa Cruz Biotech;
Epitonics respectively) (FIG. 20). Western blotting (FIG. 2E) and FASC {(FI1G. 2F) with OCADS-]
showed a dramatic decrease i signal after the knockdown of EpCAM by shRNA (FIG. 2D},
confuming that OCAbLS-1 specifically recognized EpCAM (FIG. 2).

OCAbY-1 cannot induce cancer cell apoptosis. To develop therapentic antibodies, we purified
EpCAM protein from SAS cells and newly generated five mAbs that recognized EpCAM (FIG. 16).
These mAbs had a strong detection signal for cancer cell ines (SAS, NPCO39, HCT116 and
SKOV3) but they showed no binding affinity to normal cell ines (HUVEC and NNM), as shown by
cellular ELISA, Western blot and FACS analysis (F1G. 16). These mAbs were demonstrated to have
extremely high cell surface binding activity for SAS and HCT116 cells, but they did not react to
NMM cells, as shown by FACS {data not shown), immunofinorescent analysis {FIG. 3A) and
Western blotting {FIG. 3B). Three complementarity-determining regions (CDRs) i the heavy and
tight chains of these mAbs are shown in FIG. 17. All of these mAbs have very high affinity to
EpCAM and their kinetic constants range from 107 ~ 1077 (FIG. 18). Notably, one of five newly
generated mAbs, EpAb2-6, could induce cancer cell apoptosis using SAS and HCT116 cell lines
{F1Gs. 3C-D).

Inhibition of Cancer Cell Growth In Vitre and In Vivw

To evaluate the functional role of EpCAM in tumorigenesis, the gene expression was knocked
down by EpCAM shRNA in SAS cells. The growth rate (FIG. 4A), colony formation (F1G. 48),
migration {(FIG. 4C) and mvasion ability (FIG, 4D} were significantly redoced when EpCAM was

knocked down. Since EpCAM knockdown affected cancer cell growth and indoced cancer celi
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apoptosts in vitro, we investigated whether EpAb2-6 could be vsed to divectly inhibit tumor growth
i vivo, Oral cancer xenografts were established and treated with either EpAb2-6 or control PBS. The
volume of the tumors treated with EpAb2-6 became smaller than those of the two controls, The
tmors of the control PBS group was found to be 1.5-fold larger than those of the EpAb2-6 group,
respectively {(n = 6; * p < 0.05; FIG. 4E). To further characterize therapeutic efficacy of antibody,
we compared the survival rates of tumor-bearing mice after treatment with EpAb2-6 and PBS. The
median overall survival of tomor-bearing mice after freatment with EpAb2-6 and PBS was 71 and 48
days, respectively (FIG. 4F). Treatment of EpAD2-6 suppressed tumorsphere formation effectively
{FIG 5C) and induced hypodiploid DNA content in both tumor and tumorsphere cells (FIG SA and
SB). These experiments demonsirate that targeting EpCAM by EpAb2-6 mmhibited tumorsphere
formation and tumor growth, while prolonged the tifespan of tumor-bearing mice.

Combination of EpAb2-6 and IFL in Human Celon Carcinoma Xenograft

To evaluate the therapeutic efficacy of EpAb2-6 in combimnation with IFL, we mjected HCT116
(3 % 10° cells) into NOD/SCID mice. NOD/SCID mice bearing HCT116 xenografs (~50 nun'y were
mjected miravenousty with a combination of EpAb2-6 (20 mg'kg) and IFL (5-FU of 25 mgdkg +
feucovorin of 10 mefkg + irinotecan of 10 mg/ke) twice a week for a total of eight injections. The
tamors iy mice with freatment using combmnation of EpAb2-6 and IFL were found to be simaller than
that in mice with treatment using IFL alone (*, £ < 0.05) {FIG. 6A). The tumor size of the IFL group
gradually increased to 1.6-fold that of the EpAb2-6 + [FL by day 25, The EpAb2-6 + IFL and IFL
groups did not have significant changes i body weight doring treatment period (FIG. 6B). By the
end of the treatment, the final average tumor weight m mice treated with IFL was 0.23 g compared
to 0.146 g in mice treated with EpAb2-6 + IFL, and 0.952 g in mice injected with PBS buffer (FIG.
6C and D).

Development of Humanized EpAb2-6 (hEpAb2-6)

EpAb2-6 possessed the high affinity and potent activity for indaction of cancer cell apoptosis,
which snggested its potential as a therapeutic antibody. To develop humanized mAbs, we sequenced
Vi and Vi segment of the EpAh2-6 mAbs from hybrnidoma cell lines (FYG. 17). The CDRs of
EpAb2Z-6 were grafted onto human IgGl backbone to create humanized EpAb2-6 (hEpAb2-6) (FIG.
7A). The hEpAb2-6 was expressed in CHO-K 1 cells and purified from culture supernatants. The
hEpADb2-6 that mantained the specificity of murine EpAb2-6 (mEpAb2-6) recognized both SAS and
HUT116 cancer cells but not CCD-11128k normal cells, Cellular ELISA and Western blotting
further demonstrated highly binding activities of hEpAb2-6 (FIGs. 7B-D). The affimty of EpAb2-6
and hEpAb2-6 for EpUAM was analvzed by surface plasion resonance and was determined as

0.3491 nM and 0.6773 nM, respectively {FIG. 18}, Furthermore, i vifro studies using SAS and

20



WO 2013/131001 PCT/US2013/028667
HUTTIO cell Hves found that hEpAb2-6 induced cancer cell apoptosis (F1Gs. TE-F). The resolts
reveal that humanized EpAb2-6 possesses high binding affimty to EpCAM, which suggested its
potential applications 1 cancer therapy as therapeutic anttbody, or turmor-targeted drug delivery, and
nmaging.
tdentification of EpAb2-6-specific B cell Epifopes.

Eighteen immumoposttive phage clones (PC-26, -11, 229, -3, -4, 1§, 12, -1, 19,227 -35,-21, -
37,20, -2, -7, -8 or -44) that were highly reactive with EpAb2-6-specific antibody and less reactive
with antibodies in normal mouse Ig0 were amplified, and phage DNA was 1solated for sequencing.
{nserted nucleotides of selected phage clones were sequenced, and all clones were found to contain
36 nt {translated into 12 aa residues) (FIG. 19}, Peptide sequences were aligned by using
MacDNASIS software to analyze epitopes and binding motifs of EpAb2-6 antibody. The cDNA
encoding the sequence covering the first EGF-like repeat (aa 27-39) of human EpCAM (EGF-1) or
second EGF-like repeat (aa 66-135) of human EpCAM (EGF- 1T ) was amplified by PCR.
Overlapping PCR and PCR-based site-directed matagenesis were used to introduce mutation shown
in FIGs. 8A-B mto the wild-type of EGF-1 or EGF-1I domain. A Western bloting was used for
testing the reactivity of EpADb2-6 or EpAb3-S antibodies toward vanant EpCAM mutams. The
binding of gach EpAb2-6 antibody 1o mdividual EpCAM mutant (FIG. 8B) was studied and
compared to the binding to wild type EpCAM molecule. The amino acids mutations w positions Y95
or D9 on EGF- Il domam cause markedly reduction in the relative binding activity, hence Y93 and
D96 are considered “essential” residues for the antibody binding. FIG. 8 shows the sequences
VGAQNTVIC (SEQ ID NO: 62) in the EGF-like domain I and KPEGALONNDGLYDPDCDE
(SEQ ID NO: 63) in the EGF-like domain Il of EpCAM.

Elevation of EpUAM is Associated with Tumor-inttiating Properties

Tumor-initiating cells are endowed with the ability to be attached independently. Hence we
selected HOT116 colon cancer cells i two kinds of anchorage-independent cultures, tumorsphere
formation and gnotkis-resistant selection (FIG. 9A). Interestingly, expression of EpCAM mRNA was
elevated 1n both anoikis-resistance {4-folds) and spherpid {12-folds) cells, compared to that in
adherent culture (F1G. 9B left). The ennchiment of cell surface EpCAM was found 1o mcrease by
foar folds m spheroid-formation (F1G. 9C) and two {olds m anotkis-resistance cells {data not shown),
when compared to that in adherent cells via flow cytometric analysis. Similarly, expression of
EpUAM was ratsed by 45 % n sphere-forming hepatoma Hep3B cells (98 % enrichment} compared
to that in adherent type cells (69 % ennichment). This elevation was observed to have dechned after
reattachment of spheroid in the differentiated condition. CDM33, a marker for TICs, was further

confirmed to increase by 4 folds in sphere-forming Hep3B cells, but it decregsed after differentiation
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{data not shown}. Moveover, EpCAM-enriched subpopaolation of HUT116 cells displayed dramatic
sphere-forming ability (FIG. 9D A comparison of tumorigemic potential between adherent and
sphere-forming cells showed that sphere~derived HUT116 cells displayed supertor tunor-mitiating
capabilities (FIG. 9E). We also found that spheroid-derived tumor xenografits exhibited both mwore
aggressive self-renewal properties (FIG. 9F). This suggests that the elevated expression of EpCAM
might be volved o tumor-initiating capability.
LpUAM Regulates Reprogramming Gene Expression and Tumor-initinting Ability

Quantitative PCR, Western blotting, and immunofluorescence analyses consistently showed that
the exprassions of both EpCAM and reprogramiming genes {e-Mye, Octd, Nanog, and Sox?) were
concomitamly np-regulated in spheroid cells (FIG. 104}, Similar resulis were observed m EpCAM-
enriched HCT116 cells (FIG. 10B). To investigate whether EpCAM can regulate reprogramnting
gene expression, we transfected EpCAM constiivtive expression vector o HEK293 cells.
Cuantitative PCR analysis showed that overexpression of EpCAM induced increasing o-Myce, Octd,
Nanog, and Sox2 mRNA levels (FIG. 10C). In contrast, knockdown of EpCAM by lentivirus-
mediated shRNA in both Hep3B and HOT116 cells abrogated EpCAM, o-Myc, Octd, Nanog, and
Sox2 mRNA expressions (FIG. 10D). Furthenmore, silencing of EpCAM inhibited both number and
size of Hep3B and HCT 116 spheres, confirmung the effect of EpCAM on tumorsphere-forming
capacity (FIG. 10E). In order to further assess the importance of EpCAM on tumor cells self-renewal
abifity, HCT116 spheres were disassociated and regenerated three times, followed by silencing of
EpCAM. Resalts showed that after EpUAM shRNA challenge, the regenerating ability of sphere was
drastically decreased during the follow-up passage (FIG. 10F). Moreover, in vivo serial-diluted
transplantation of HCT116 spheroid revealed that the knockdown of EpCAM in umorsphere
stgnificantly hindered tumor-initiating potential and effectively retarded tumor latency (FIG. 10G).
Collectively, these data mndicated that EpUAM is sssential in regulating reprogramuning gene
expression and maitaining selferenewal capacity.
EpCAM Regulates EMT Progression and Tumorigenesis

Epithelial-mesenchymal transition {EMT) has been shown to enable tumor cells to obtain
stemness property (Mani et al., 2008), therefore, we try to investigate whether EpCAM controls
EMT progression. Immunofluorescence analyses illustrated the changes cccurred in EMT markers
{epithehial markers E-cadbenn and cytokeratin 18 in up-regulations) and mesenchymal marker
{vimentin m down-regulation) after knockdown of EpCAM {FIG. 11A). Real-ume PCR data showed
that an increase in E-cadberin with a concomitant decrease in vimentin in both mRNA and protein
fevels were detected in EpCAM knockdown cells, compared to that i vector alone cells (FIG, 11B).

Other EMT-regulatory wanscriptional factors, such as snail and slug, were simultaneously reduced in
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both EpCAM koockdown cells and EpCAM-low expressed cells (FiGs. 1B and 11} Assessment
of the effect of EpCAM on humorigenic potential revealed that suppression of EpCAM resulted in
the reduction of wvasive and colony formation ghilities in virre (FIGs. 11D and 11E). Furthemmore,
suppression of EpUAM also inhibited xenograft tumor growth i vive (FIG. 11HF) RNA samples
from primary tumor extraction demonsirated that expressions of EpCAM, reprogramnung genes {¢-
Myc, Octd, Nanog, and Sox2) and mesenchymal markers {vimentin and snail) were significantly
dininished i EpCAM knockdown tumor cells, compared to that in vector alone (FIG. 11G). These
data indicated that EpCAM is involved in regulating EMT progression and tumorigenesis,
Proteolytic Cleavage of EplCD Participates in EpUAM’s Signaling Regulation

The structure of EpCAM contains an extracellular domam (EpEX), a transmembrane domain,
and an intracellular domain (EpICD}. EpEx is composed of two epidermal growth factor-like
domains and a cysteine-poor region, while EpICD is composed of a short 26-amino acid. The effect
of EplCD on reprogramuming gene regulation and twmorigenecity was examined. Laser confocal
mnages depicted the soluble EpICD signals were detected 1u both cytoplasm and nucleus of HCTH 6
cedls (FIG. 124}, whereas these scenartos were blocked i the presence of DAPT (a y-secretase
inhibitor}. Most of EplCD showed co-localization with membrane-bound EpEX instead (FIG. 12A).
in addition, soluble EplCD was expressed increasingly i spheroid-derived tumor section than that i
adherent tumor section. Western blot analysis confinmed a dominant band with molecular weight in
40 kDa (EpCAM-v3), and a minor band lower than 10 kDa (EplCD-v3) in 293 T/ EpCAM-v3 celly;
however, the expression of soluble EpiCD-v5 (10 kDa) was reduced in the treatment of DAPT (FIG.
128} Treatment with DAPT suppressed the expressions of vimentin, snail, and shyg {FIG. 120},
which was accompanied by decreasing tumor invasiveness and sphere-forming capacity (FIGs. 12D
aud 12E). Further analysis of transcriptional regulation mediated by EpICD on reprogramming
genes, co-transfections of EpCAM or EplCD with the tentative regulatory region of o-8YC, CT4,
NANOG, and NOX2 showed that both EpCAM and EplCI ap-regulated transcriptional activities of
the four genes (FIGs. 12F and 12H); however, these activations induced by EpCAM were blocked in
the presence of DAPT (FIG. 12G). Moreover, chromatin immunoprecipiiation assay indicating an
occupancy of EpICD on «-MYC (proximal upstream region instead of exon 1), QU7 (distal
upstream region}, NANOG {upstream region), and SOXT (downstream region) promoters were
detected 1 HOT116 cells (F1Gs. 121-)), whereas these phenomena were not found in normal nasal
mucosa cells (NNM), which express rarve level of EpCAM (data not shown}.
Extracellular Domain of EpCAM Serves as an Activator for EpCAM’s Signaling

We further constructed an EplCD truncated vector (EpEXas-v3), which contained the

extracellvlar and transmembrane domains of EpUAM, (FIG. 13A) to discern the importance of
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EplCD in controlling reprogranuming gene expression. Surprisingly, transfecting HCT1H6 cells with
EpE Xio-v3 also mduced reporter activities of ¢-MYC, QCTE, NANOG, and SOX2. Similar results
were observed when treated with soluble EpEX SEpEX) (FIG. 13B), suggesting that shedding or
releasing of extracellular domain of EpCAM might also play a part in coordinating EpCAM s
signaling. To test this hypothesis, cultured supernatant from HCT116 cells were immunoprecipitated
with antibody against extracelinlar domam of EpCAM. Results showed that an mcreasing release of
EpEX was identified in the presence of serum (FIG. 13C}. The decreasing release of EpEX was
further confirmed in the EpCAM knockdown cells {(FIG. 13D). Moreover, treatments with DAPT {a
y-secretase inhibitor), TAPE (a TNF-o converting enzyme inhibitor), ot both, blocked the release of
EpEX and inhibited EpICD cleavage simulianecusly. The membrane-bound EpCAM however was
not affected by these treatments (FIG. 13E). Forced expression of EpEXao~vS tn HUT116 cells
resulted in an increase of EpEX liberation in culture supernatants, and the mductions of EplCD
clegvage and vimentin expression were detected both in EpEXgo-v5 transfectants and tn sEpEX-
treated cells (FIG. 13F). Moveover, nmunofluorescent analvsis of lniman colon cancer spechmens
further vevealed that parts of tumeor cells expressing soluble EplCD m the nucleus lost thetr
membrane-EpEX detection signal; whereas other tumor or its adjacent mucosa cells showed intact
co-localization of EplCD and EpEX in the cell membrane. There was less expression of erther EpEX
or EplCD m normal colon tissue (PG 14A)

EpCAM/EpICD Expression in Human Colon Cancer Correlates with Reprogramming Factors

We farther analyzed the expression of EpCAM and EpICD with their association with
reprogranuming factors and tumor malignancy, Results showed that the expression of EplCD was
mcreased in cancerous colon tissues when comypared to that i the norimal ones. The expression level
of EplCD in cancer appeared to be associated with tumor grade, although this difference did not
achieve statistical significance (FIGs. 14B-C). We also found that in some tumor tissues (24 of 49
cases) with nuclear EplCD expression, the positive area presented was much less within the whole

region. Most signals were detected mn the ovtosohic or membrane compartment (FIG. 14D,

suggesting that nuclear translocation of EplCD mav be a dynamically transient regulation. Further
evaluation of the mRNA level in EpCAM and its correlation with the four reprogramnung factors
from forty-two colon cancer panel indicated that the expression of EpCAM was positively correlated
with ¢~V {coeffictency= 0.501; moderate correlation), NANOG {coefficiency= 0.513; moderaie
correlation}, and OC74 {coefficiency= 8. 244; mynor correlation) {(FIG. 14E).

In conclusion, it was demonstrated that co-expressions of EpCAM and stenminess penes are
elevated in TICs. EpCAM upregulates both reprogranmmung factors (e-Mye, Octd, Nawvog, and Sox2)

and EMT expressions. Proteolysis of EpCAM into EpEX and EplCD plaved an important role in
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mediating EpCAM s signaling. Naclear translocation of EplCD regulates reprogrammung gene
expression white extracellalar releasing of EpEX triggers further activation of EplCD. Suppression
of EpCAM or blocking of EplCD cleavage decreases invasiveness, growth, and self~renewal ability
both in vitro and i v, The reselts indicate that overexpression of EpCAM helps promote tumor-
mitiation and tumor-progression. The EpCAM mabs can be used for cancer diagnosis and prognosis,
and cancer-targeted therapy and imaging.

EpCAM, or epithelial specific antigen (ESA), 1s a carcinoma-specific antigen i identifying
epithelial-transformed neoplasia. Overexpression of EpCAM is associated with metastatic, drug
resistant, and circulating tumor cells, which are all characteristics of TICs. Several studies have
successfully identified TICs within pancreatic, ovarian, hepatic, and colorectal cancers throngh
immunoassay staining using CD44/CD24” in conjunction with EpCAM. The data here demonstrated
that upregulation of EpCAM was identified 1n colture of tumorsphere, which exhibited great
potential in tugnor initiation, growth, and invasiveness; however, the self-renewal and initiating
abilities were inhibited after knocking down of EpCAM. Alernatively, loss-of function of EpCAM
m temor cells suppressed clonal growth, mvasiveness, and twnorigenesis. We also found that
increased expression of EpCAM is associated with wumor grade, demonstrating the critical role of
EpCAM In tumor progression.

Although the relevance of EpCAM and TICs in the formation of tumor has been well
documented, genetic profile regulated by EpCAM in TICs s still unclear. There stil tacks direct
evidence linking the reciprocation of these genes to TICs. Qur data showed that elevated and
persisted expressions of EpUAM were detected concomitantly with the presence of o-Mye, Octd,
Nanog, and Sox2 in tumersphere and sphere-derived xenografts. Gain- or ~loss of function in
EpCAM directly timpacted the production of these genes, and luciferase assav dentified that these
genes were regulated by EpCAM. Cancer tissue mRNA array data further confirmed the expression
ot EpCAM to be positively correlated with ¢-Mye, Octd, Nanog, and Sox2. Collectively, these data
indicated that directly regulation of reprogramming factors by EpCAM may promote tumor
ftation.

In addition to stemness geaes, the promotion of epithelial-mesenchymal transition mayv alse
“participate” i EpCAM-mediated tumor progression, Our data found that both upregulations of
snail, shyg, and vimentin, and down-regulation of E-cadhernin, were detected in EpCAM over-
expression cells. Conversely, knockdown of EpCAM or addition of DAPT, which blocked the
releasing of EplCD, suppressed the mRNA levels of snail, slug, and vimentin, which was

accompantied with the reduction of twnor invasion,
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EplCD is regulated by proteolysis by TNF-a converting enzyme {TACE) and y-secretase
{presemilin 2; PS2), followed by collaboration with FHL2 and TefLet]l, We found that
accumulations of soluble EplCD in both cytoplasm and nucleus were detected consistently in
cultured tumor cells, sphere-derived tumor xenograft, and buman colon cancers, Chromatin
mymunopreciptiation and lociferase assays mdicated that EplCD bound to and transactivated
reprogramming gene. Treatment with v-secretase nhubiors blocked cleavage and nuclear
transiocation of EplCD, which was accompanied by the suppression of reprogramming factors and
EMT gene expressions, thereby inhibiting tamor self-renewal and fnvasiveness, However, the
presence of soluble EplCD m either evioplasm or nucleus was not expressed homogenously in all
tumor cells, suggesting that the cleavage of EplCD might be a dynamical process. In addition o
EpICD, we also found that releasing of EpEX may trigger EpCAM s signaling event. The release of
EpEX In supernatants was increased by serum concentration, and the addition of either DAPT or
TAPI blocked the hberation of EpEX and EplCD. Moreover, reatment of sEpEX or transfection
with pEpEX promoted cleavage of EplCD and induced reprogramming gene activations, suggesting

that the cleavage of EpEX may imtialize EpUAM’s signaling and that us release may forther trigger

EpCAM s actrvation,

The ivention refates to novel EpCAM mADbs with extreme binding affinity aganst EpCAM,
which displaved effective tumor inhibitory activity and thas could provide promising therapeutic
meaning. Collectively, we show the comprehensive evidence demounstrate that elevation of EpCAM,
especially EplCD), promotes tumorigenesis in TICs through upregulation of stempess genes
expressions and EMT process. Furthermore, releasing of EpEX may trigger EpCAM s signaling
event via aptocring or paracrine effect. Therefore, development and application of inhibitors or
antibodies for EpCAM andfor EpEX in either treating or detecting are helpful to eradicate tumor and

TICs as well as for tumor targeting imaging.
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CLAIMS
What 15 claimed 15
i An isolated monocional antibody or an antigen-binding fragment thereof that has a specitic

binding affinity to an epitope within the sequence of KPEGALONNDGLYDPDCDE (SEQ
1D NQ: 63} located within the EGF-like domain il of epithelial cell adhesion molecule
(EpCAM, SEQ IDNO: 1)

2. The antbody or antigen-binding fragment of clanm 1, which is charactenized by:
sard bmdmg affinity is abrogated when Tyrosine at anmuno acid position 95 (Yos), Aspartic
acid at amino acid posttion 96 (Do), or both Tyresine (Yas) and Aspartic acid {Dy) within
the EGF-like domain II of EpCAM are mutated.
3. The antibody or binding fragment of claim |, compnising:
{a) a heavy chain variable region, comprising:
{1} complementarity determining region | {CDR 1} comprising SEQ ID NO: 4;
(i1} complementarity determining region 2 (CDR2) comprising SEQ ID NO: 5; and
(11} complamentarity determining region 3 {CDR3) comprising SEQ 1D NG: 6; and
{b} a light chain variable region, comprising:
(1) CDRI comprising SEQ IDNG: 7,
{i1) CDR2 compusing SEQ 1D NO: §; and
{11} CDR3 comprising SEQ D NG 9,
4. The antibody or binding fragment of claim |, wherein the binding fragment comprises an Fy
fragment of the antibody.
S The antibody or binding fragment of claim 1, wherein the binding fragment comprises an Fab
fragment of the antibody.
6. The antibody or antigen-binding fragment of claim 1, wherein the antibody or antigen-
binding fragment is humanized.
7. The antibody or antigen-binding fragment of claim 6, wherein the heavy chain variable
region comprises the ammo acid sequence of SEQ ID NO: 24, and the hight chain varable
region comprises the amino acid sequence of SEQ 1D NO: 25
8. An isolated single-chain variable fragment comprising:

{a} a heavy chain vanable region comprising the amino acid sequence of SEQ ID NO: 2 and a
light chain variable region comprising the amino acid sequence of SEQ ID NO: 3, or a heavy
chain variable region comprising the awino acid sequence of SEQ 1D NO: 24 and a hght

chain variable region comprising the amino acid sequence of SEQ 1D NO: 235; and
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{b} a linker peptide comnecting the heavy chaimn variable region and the Light cham vanable

YERION.

Fod

An isolated monoclonal antibody or an antigen-binding fragment thereof, said antibody being
characterized by,

{a) having a specific binding affinity to epithelial cell adhesion molecule (EpCAM)
compnising the amino acid sequence of SEQ IDNO:

(b} having a specific binding affinsty to cancer cells expressing EpCUAM, said cancer cells
being selected from the group consisting of oral cancer cells, nasopharyngeal cancer cells,
colorectal cancer cells, and ovartan cancer cells; and

{c} having ne binding sffinity to human anbilical vein endothelial cell and normal nasal

muscosal epithelia.

The antibody or antigen-binding fragment of claim 9, wherein said antibody or antizen-
binding fragment exhibits a charactenistic of inducing apoptosis of said cancer cells andfor

inhibiting growth of said cancer cells in vivo.

The antibody or antigen-binding fragment of claim 9, wherein said antibody or antigen-
binding fragment exhibits a specific binding affinity to an epitope within the sequence of
KPEGALONNDGLYDPDCDE (SEQ ID NO: 63} located within the EGF-like domain I of
EpCAM (SEQ ID NO: 1.

The antibody or antigen-binding fragment of claim 9, comprising:

(a) a heavy chan variable region comprising the amino acid sequence of SEQ ID NO: 2 and a
light chain variable region comprising the amino acid sequence of SEQ ID NO: 3; or

{b} a heavy chain variable region comprising the amino acid sequence of SEQ 1D NO: 24 and

a light chain vaniable region comprising the amino acid sequence of SEQ D NO: 25,

The antibody or antigen-binding fragment of claim 9, wherein the antibody or antigen-
binding fragment 1s humanized.

A method of inhibiting growth of cancer cells andfor tumor-initiating cells, comprising
adnumstering to a subject in need thereotf a composition that comprises:

{a) the antibody or antigen-binding fragment of claun 18); and

{b} a pharmaceatically acceptable carrier,

wherem said cancer cells andfor tumor-initiating cells express EpCAM.

A method of detecting andfor diagnosing cancer cells that expresses EpCAM in vitro, the
method comprising:

{a} obtammg a cell or a tissue sample from a patient;
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{b} contacting the cell or the tissae sample with the antibody or binding fragment of claim 9;
{c) assaying the binding of the antibody or binding fragment to the cell or hasue sample; and
{dy comparing the binding with a normal control to determine the presence of the cancer cells
that expresses EpCAM in the subject.

The method of claim 14, wherein the antibody or antigen-binding fragment comprises:

{(a) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 24 and
a light chain variable region comprising the amino acid sequence of SEQ ID NO: 25; or

{b) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 2 and

a light chain variable region comprising the ammo acid sequence of SEQ D NO: 3,

The method of clatm 14, whergin the antibody or antigen-binding fragment is humanized.
The method of claim 14, wherein the cancer cells are selected from the group consisting of
oral cancer cells, nasopharyngeal cancer cells, colorectal cancer cells, and ovarian cancer

cells.

The antibody or antigen-binding fragment of claim 1 or 9, which s labeled by a detectable

compound ot an enzyme, or 1s encapsulated within a liposome.

A cotnposition comprising:
{a} an isolated antibody or antigen-binding fragment of claim & or 10;
{b} an anti-cancer agent. and

{c) a pharmaceutically acceptable camier.
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FIG 18

Kinetic constanis and binding afiinities of anti-EpCAM nmiAbs

mAb colon KM} KoM Kea(SH

QCADY- 7168 < 107 3.284 = 100 2354 x o
EpAbi-3 1833~ 107 1849 x10° 3389 = 107
EpAb2-6 3491 = 10" 4007 x 107 1390 x o
Epab3-5  S466 x 10 20961 x0f 138 x
EpAbd-1 F228 2 WY 2865 = 107 3519 =107
FpAbS-4 2.431 = 107 6221 = 190° 1813 =107
hEpADB2-6 6.773 x 1070 3756 % 1° 2.544 x o

Kon and Ko were measoared by SRP i a BlAcore using purified mab, and
the Ky was calculated by BlAevaluation software.

FIG 19

Ablignment of phage-displaved peptide sequences selected by EpAb2-6

Clone Phage sequence

PC-26 HGTOQMT WWDP DL
PC11.-20 MO GEDWMDP L
PC-3 -4 -18 S TOMSYRDOQDL
POA12 VP MS R P WN D L
PO 1927235 VPV GRL F I DL
PC-21,-37 TQKMDAHD

PC.20 F V G D

T m =g
-

Py
DOH MWN
D MR E W I

= A2
k3
R R T R

PC-a4 VTP QO AKDWY

L

L

PC-2,-7,-8 OGNV E
T L

L

EpCANM 0 K P EGAL QNNDAG YD P DCOCDBDE

NOTE. Consensus anuno acids are indicated by boldface wpe.
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