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ABSTRACT

Cancer stem cells (CSCs) composes a different gulbgtton of tumor cells that exhibit self-renewaldatumor

beginning capacity and the ability to give riseth® heterogeneous lineages of cancer cells thabrapass the
tumor. Since current cancer therapies fail to efiaie CSCs, ultimately leading to cancer recurrerzcel

progression, selective targeting of CSCs with meitib antibody constructs reviewed here in may reprea novel
and promising therapeutic strategy to eradicateasan CSCs have been recognized from many humarrgwand

share many of the characteristics of normal stefis.c€argeting CSCs could be a strategy to imprtheeeffect of
cancer therapy but this is not as simple as it seérargets such as CD133 could confine CSCs frammalccells

enabling specific interference but indirect straesgsuch as interfering with the establishment sifipportive niche
through anti-antigenic or anti-stoma therapy coblel more effective. This review will outline theericdiscoveries
of mAB targeting for CSCs.

INTRODUCTION

Monoclonal antibodies are clinically and commetgiglstablished therapeutics. A great deal of pregteas been
made over the last years in overcoming problemstiamdlating the phenomenal amount of laboratosgaech into
clinical products[1-4]. According to a consensusirdiéon, these CSCs are cells within a tumor thatsess the
capacity to self-renew and to give rise to the togieneous lineages of cancer cells that compriséutimor. CSCs
can be clear experimentally by their ability toapitulate the generation of an incessantly growingor in serial
xenotransplantation settings[5-8]. CSCs harbor moos inherent mechanisms of confrontation to cotivaal
chemotherapeutic drugs. Seminal studies show tB&sCcan even be enriched by conventional chemaqibetia
drug, as demonstrated in breast cancer patiengd/ieg systemic chemotherapy comprising conventiogotoxic
drugs[6,7] .Moreover, many novel tumor-targetedgdrtincluding tyrosine kinase inhibitors and soratalelished
monoclonal antibodies (mAbs) fail to eliminate CS&s that there is an critical need for novel ag@amd strategies
that efficiently target CSCs for the use in elabedlaclinical settings, preferably in combinatiorttweonventional
cytostatic drugs, novel tumor-targeted agents, adihtion therapy[9-12]. In contrast to consenatiyyrostatic
drugs, radiotherapy and novel tumor-targeted drogs)s raised against cancer cell-specific or C$esific cell
surface proteins exploit the host’s immune systemaliminate the cells targeted by the mob by usitagsical
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humeral and cellular immune mechanisms, includingibady-dependent cellular cytotoxicity (ADCC),
complement-dependent cytotoxicity[13-15]. Thenggding of cancer cells and CSCs with specific m/Aslosl
antibody constructs shows not as a single job sei#m conventional cytostatic and radiation therapyt is
substantially supported by the host’s immune systarthe last few years, several mAbs and antibomhystructs
that selectively target CSCs have been developeédalidated[16-19].

Cancer stem cells

Cancer stem cells are cancer cells that possesacthistics associated with normal stem cellscifipally the
ability to give rise to all cell types found in aricular cancer sample. It is often considereeamssociated with
chemo- resistance and radio-resistance that ledtketéailure of traditional therapy [20]. Thereoghto be several
sources from which cancer stem cells may happédrey May happen from normal ASCs (adipose-derivexrst!
cells), from more restricted progenitor cells oeevrom differentiated cells [21]. Normal stemlselre more likely
to be the targets of mutants and leading to thedtion of CSCs for they already possess activereabwal
pathways. It is also possible for progenitors atiter differentiated cells to give rise to CSCsuth they would
have to acquire more genetic mutations, especiallyself-renewal genes. Cancer stem cells can reptes
approximately 0.1-10% of all tumor cells and thantigens are typically expressed at lower levebntthe
‘established’ tumor-associated antigens. Unlikes¢heéhe discovery of CSC antigens was not basettieinover-
expression but due to their presence on populatdreells which had stem cell-like properties. Hoee it has
been hypotheses that CSCs arising from normal stdls are more aggressive than those from progeoébs,
though this remains to be proven [22]. The fir8CGCwas identified in human acute myeloid leukenfiMi),
showed that a rare malignant cell with the ability repopulate the entire original disease over rsdve
transplantations, implying self-renewal and capadit differentiate, was only found within the immoed
CD34+CD38-, but not the CD34+CD38+ sub-populati@8][ After that, cancer stem cells were found ams
solid tumors subsequently. The first solid CSCsewdentified in breast tumors in 2003 [8], andrt&SCs were
isolated from brain [24], colon [25], melanoma [2@Rncreatic [27], prostate [13], ovarian [14], dufi5] and
gastric [16] cancers. The emerging picture on CiSEseating significant excitement and intereghia cancer field.
It is believe that the targeting of CSCs offers am@ant and revolutionary advances in the targetihgancer.
Eradicating cancer stem cells, the root of cancigiroand recurrence, has thought as a promisingageh to
improve cancer survival or even to cure cancer[@B-3n the research of killing cancer stem caifgny possible
ways were developed to achieve this objective,uiticlg molecular targeted therapy, target molecsignaling
pathways, natural compounds and their potent getaLSCs, the use of mesenchymal stem cells, diededitiation
therapy. Though great progresses have been madednt year, the accurate mechanism of cancerca#ns still
not clear and the really effective therapy is stdt found[31-35].

Target signal pathways

Based on the research of the regulation mechanfsimeocancer stem cell, cancer stem cells religgthlizion the
signal path ways’ stability if they want to maimtahe ability to self-renewal and differentiateon® researchers
have suggested that signal path ways’ disorder xaessive activation may lead to the tumorigenicity.
Understanding the mechanisms that underlie thereawal behavior of CSCs is of greatest importafure
discovery and development of anticancer drugs teng€SCs[36-38]. During those pathways, Wnt, Katiigure
1) and Hedgehog signaling pathways may play an itapbrole in the recurrence and maintenance oferastem
cell. The signaling pathways that govern normal [@Gliferation are also those promoting carcinogenesy
initiating CSC proliferation. Deregulation of sidimg pathways, such as p53/p21, Notch, Sonic heag€Bhh)
Wnt/-catenin, Bmi-1 and Hox gene family productandead to transformation of SCs into CSCs A loefibrts
have been made to identify small molecules capabldisrupting aberrant Wrft/Catenin pathway responses
induced by loss of APC, which promise such agemslevbe therapeutically effective against colorecsmcer and
other tumors[39]. A broad spectrum of compoundsrseuseful to specifically modulate WhtZatenin signals.
Those drugs may also help to eliminate drugs-@sistSC, which is thought to be responsible foraunelapse
and metastasis. For instance, NSAID interferél Wint signaling by directly inhibiting the Wnt gt COX2 (e.qg.
aspirin and sulindac) or by promoting degradatib ©F (Celecoxib) [34]. The compound XAV939 antages
Whnt signaling via stimulation di-catenin degradation and stabilization of axin [3%dtch signaling pathway is a
highly conserved developmental pathway, which playsritical role in cell-fate decision, tissue pating and
morphogenesis [36]. There are four human Notchptece that consist of an extracellular peptide amming
epidermal growth factor receptor-like repeats angtaasmembrane pep tide. The Notch pathway funstio
determining a diverse array of cell fates and ragsl many cellular processes during embryonic deweént and
throughout adulthood. It has been associated weikral human cancers, including cervical, lungasrearcinoma
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and neuroblastoma. Ligand binding via the JaggeDedta-like family of membrane proteins leads teaslage of
the receptor by members of the A Disinterring anetdloprotease (ADAM) ang-secretase families of proteases.
The Notch pathway plays an important role in maiatee of the stem cell in glioblastoma, breast eastem cells
and some other tumor stem cells. Since the aaivatf Notch signaling can up regulate severaldescthat in turn
transmit bidirectional signals among cancer ceXgressing both legends and receptors and it cantedssmit
signals among cancer, stroma and endothelium [&lls In a study learned about Notch signalinghpaty in
glioblastoma suggested Notch inhibition can leadatalecrease of cancer stem cells in glioblastonaa av
endothelial cell intermediate [38]. In the expegith Notch inhibition depletes CD133+ in glioblas# and
promotes increased responsiveness to radiatiotichNichibition can be achieved in different levdl, Inhibition of
y-secretes mediated notch cleavage.

SNl

Jagged (IHIIITIIIIT

Figure 1: notch signaling pathway in cancer

Differentiation therapy

Differentiation therapy is an approach to the tirent of advanced or aggressive malignancies dotlleg can
resume the process of maturation and differentidtito mature cells. It aims to force the canagdl to resume the
process of maturation. Differentiation therapy meg either known differentiation inducing agentg/an newly
designed differentiation-inducing agents. Vitamin akhd its analogue (retinoid) can reverse the maifign
progression process through signal modulations atediby nuclear retinoid receptors and altars egtiacid leads
to frequent remission of acute promyelocytic leuletny inducing promyelocyte differentiation [39]hdre has
been a lot of progress in the development of smallecule drug intervention of CSC pathways. Mostdnfgs
target the renewal pathways and still require mesebefore they can use in a truly CSC-specific Mldye potent
NFxB inhibitor. The new differentiation-inducing agerare rep-resented by those legends that can rgrimdlice
stem cells to undergo asymmetric mitosis. Thosmtsgcan be delivered to the cancer stem cellsrte fthem to
switch from a symmetric to an asymmetric mitotiognam. Such agents would include gene product&/arft,
Hedgehog, TGF, and EGF. On the other hand, usihipitors such as antisense or ribosome agentsbtbek
specific factors, which usually either inhibit asymtric mitosis or activate symmetric mitosis, couduse
asymmetric cancer stem line mitosis [40]. Therfdr has been shown that starvation can lead teltseecome
growth quiescent and at times differentiate or ugdepoptosis if their mitotic program is changedtsas c-myc
deregulation. Indeed, inhibitors of Wnt signalisgch as ICG-001 showed promising in vitro andiuo \efficacy
without toxicity, due to its benefit of differentteon of colon cancer cells [41].
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Considerationsfor Stem Cell-M ediated Antibody Therapy

Factors that must be measured when evaluate stibsnasea stage for antibody therapy include: (abepial
immunogenicity of stem cells, (b) the optimal stesll lineage, (c)the preferred source of stem celted (d)
whether this loom is capable of achieving therapegncentrations of antibody at the tumor sites.

Concentration of Antibody at Tumor Site.

A final concern is whether stem cell-mediated amtjpbalelivery can generate a therapeutically effectiv
concentration of antibody at the tumor site. Tudoaalized antibody production is expected to reggignificantly
less antibody to attain therapeutic concentratianshe tumor site than systemic administration wofibedies.
However, whether even this concentration can béget is not yet known. Factors influencing the emi@ation
of antibody at the tumor site include: (a) the nembf stem cells reaching the tumor, (b) the tusaume covered
by stem cells, (c) the amount of antibody produped stem cell, (d) the duration of stem cell péesise at the
tumor site, and (e) antibody pharmacokinetics. Tinlmer of stem cells reaching the tumor will depeatdeast in
part, on the number of cells delivered, strengthuofor tropism and the route of administration. @ata from
glioma xenograft models indicate that intracragiafiected NSCs can achieve 70%—90% tumor covenabah
may be sufficient to elicit a therapeutic effect][26

Antibodies against CSC Surface M olecules, Anti-CSC Activity

These mAbs and antibody constructs have been deratatsto exhibit significant anti-CSCs activityvitro and in
human xenograft mice .Anti-CD44CD44 is a transmemérglycoprotein and the receptor for hyaloronid,ac
osteoponitin, collagens, fibronection, selectin &rdinin that mediates adhesive cell to cell arlttoeextracellular
matrix interactions through binding to hyaloronicich and its other ligands [42]. Overexpression &4@ is
observed in many tumor cells and is associated agtiressive tumor growth, invasion and metastddgis CD44
was first described as a CSC marker in breast ¢dA8¢ and has subsequently been shown to be esgulesn
CSCs in bladder, gastric, prostate, pancreaticiimvacolorectal and hepatocellular carcinomas feeatl and neck
squamous cell carcinomas [45]. CD44 plays an ingmortrole in the regulation of normal and malignant
myelopoiesis and is abundantly expressed on leukbhasts in all human acute myeloid leukemia (AMUptypes
and on AML CSCs [27,68-70]. Moreover, a humbereasfent studies suggest that CD44 fulfill some ofgpecial
properties that are displayed by CSCs, includinfyre@ewal, niche preparation, EMT and resistamcagoptosis
[46]. Therefore, targeting CD44 by monoclonal antiles shows as a reasonable strategy to elimin&tes(27,
40].H90 is a mouse 1gG1 monoclonal antibody (mAibg¢cted against human CD44 [48]. Ligation of CD44H90
activates CD44 signaling, reverses myeloid difféegion blockage and induces myeloid differentiatio AML
blasts of subtypes M1 to M5 obtained from differpatients [47]. H90 also inhibits proliferationdinces terminal
differentiation and mediates apoptosis in humanloigdeukemia cell lines [26]. Notably, HO0 is tfiesst mAb that
has been shown to target CSCs.

Anti-CD133

Human CD133 (prominin-1) is a transmembrane sicbkEn glycoprotein with two large extracellular pso
containing four N-linked glycosylation sites on kaextracellular loop, and two small intracellulapps [13,14].
Originally identified as a cell surface antigengaet on CD34+ hematopoietic stem cells [13], CDA&8 recently
been established as marker for the isolation aatysis of CSCs in solid tumors, including brain tansy and colon,
prostate, lung, ovarian, pancreatic and hepatdeelbarcinomas [14,15]. CD133 exhibits severalcgpliariants and
different poorly characterized glycosylated isofermmuch as CD133-1 and CD133-2, which are bourtidoynouse
IgG1 mAbs AC133 and AC141, respectively [49]. Albligh AC133 has been shown to be unsuitable for the
detection of CSCs in glioblastoma, because glidgbina CSCs can solely express non-glycosylated risafoof
CD133 not detectable by AC133 or AC141 [50], colt®Cs selectively express a different CD133 epitopieh is
bound by AC133 and which is lost upon colon CSQGedéntiation [51]. Therefore, AC133 can be used tfar
selective detection and isolation of colon CSCsemshs its specificity for the detection of CD133% 3 in other
solid tumors is uncertain [52]. Two mAbs, 32AT16{Rouse IgGl) and C24B9 (rabbit IgG) that recognize
unmodified non-glycosylated epitopes of CD133 aymmercially available for research purpose [53]4B2 has
recently been shown to detect a truncated varifithieoCD133 protein expressed by glioblastoma d¢els could

not be detected by AC133 [54], ultimately indicgtithat CD133 exhibits numerous variants and epitope
modifications detected by different mAb specieserBifore, it is still questionable whether CD133resents a
specific marker for CSCs and a therapeutic targeaftibody-mediated elimination of CSCs.
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