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Abstract

Wntb5a is a representative protein ligand that activates a beta catenin inde-
pendent pathway in Wnt signaling in cancer progression and spread in the
palmitoylated form. So that its synthesis is augmented through promotion of
its gene transcription in the malignant cells. Cisplatin is an important che-
motherapeutic drug used in treatment of different types of advanced cancer.
However, its usage is limited due to severe dose-limiting side effects, due to the
lack of targeting therapy of cisplatin. On the other hand, the cancer cells devel-
oped resistance from cisplatin that is solved partially by C-glycosylation of cis-
platin. Through this review article, we strongly suggest that the Wnt5a pro-
tein can be used as drug delivery molecule for cisplatin to target the malig-
nant cells. This can be performed through the following steps: Firstly: use of
Wnt5a in the depalmitoylated form to avoid its effect on cancer progression
with improvement of its binding efficacy by two suggested modifications: 1)
Glycosylation with sialic acid-containing glycoside to increase the binding af-
finity with the sialic acid on the surface of the malignant cells; 2) GPI anc-
horing modification: This can be performed through the Serine 282 in the
Wnt5a molecule. Secondly, binding of the C-glycosylated cisplatin molecule
with the modified Wnt5a molecule through the C-glycosylation bond. Since
one Wnt5a molecule contains four asparagine molecules, it can bind with
four molecules of C-glycosylated cisplatin molecules, hence higher concen-
tration of cisplatin will attack one malignant cell.
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1. Introduction

1.1. Cisplatin as a Therapeutic Agent against Cancer

Cisplatin (Figure 1) is an alkylating anti-neoplastic drug that is acting by adding
alkyl group to many electronegative groups under conditions present in the cell.
Cisplatin, after entering the cell, stops the tumor growth by cross-linking gua-
nine bases by platinum in DNA double helix strands. It causes DNA damage by
distorting DNA to prevent it from being separated. It mispairs the nucleotides
[1]. Cisplatin is the main treatment of small cell lung cancers, metastatic ovarian
cancer, head and neck carcinoma and breast cancer [2].

Cisplatin platinum (II) has made big success but its dosage was limited due to
side effects that appeared due to the accumulation of platinum (II) in the healthy
tissues such as nephrotoxicity, myelosuppression, and ototoxicity. Platinum (IV)
compounds are characterized by its selective and active antitumor activity via
reduction to platinum (II) complexes inside cancer cells by reductants like as-
corbic acid and glutathione, which are present in higher concentrations in the
tumor cells than in normal tissue and blood, improving their direction effect
towards malignant cells. By platinum (IV) compounds, metallic platinum mole-
cules will be of less concentration in healthy tissues [3]. Cisplatin can be aug-
mented more in selectivity and efficacy to cancer cells and less side effects to
healthy tissue. This can be done if it is glycosylated with sialic acid-containing

glycoside.

1.2. C-Glycosylation of Cisplatin

Sugar-platinum conjugates (Figure 2) have been confirmed as enzyme activat-
ing compounds that have a major role in antibody-directed enzyme prodrug
therapy approach [4] [5]. The system aims to restrict the action of high concentra-

tion of cytotoxic drug to cancer sites by using antibody (or specified molecule) to
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Figure 1. Cisplatin structure.
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Figure 2. C-glycosylated Cisplatin.
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deliver a non-humanized enzyme to cancer sites. Glycosylation of platinum (IV)
prodrugs surmounts the high side-effects of cisplatin-based chemotherapy after
activating them to big extent in malignant cells rather than in normal cells by
reductants previously mentioned [3]. Cisplatin analogues such as oxoplatin, oxa-
liplatin and their glycosylated forms also are characterized by broad and intensi-

fied antitumor activity [3].

1.3. Cisplatin Resistance Mechanisms

1) Reduction in cisplatin influx: Copper transporters are the main gates in the
entry and the export of platinum-based agents such as Cu-transporter 1 (CTR1)
that are impressive in the cellular uptake of cisplatin [6] [7] [8] [9]. Cervical
cancer cells, which are resistant to platinum based drugs, show low expression of
CTR1 [6] [7] [8] [9]. Copper transporter 2 (CTR2) primarily situated in intra-
cellular vesicles. CTR2 cleaves CTR1 leading to reduced influx of cisplatin [10].
Patients with elevated expression of CTR2 in ovarian cancer had poor prognosis
compared with those of low expression levels [11] [12]. Organic cation transpor-
ter 2 (OCT2) helps the cell to gain cisplatin intracellularly. Malignant cells that
have high expression of OCT?2 respond more positively to cisplatin [11] [12].

2) Increase in cisplatin efflux: Copper transporting ATPase 1 and 2 (ATP7A
and B) induce elimination the excess copper from cells, in another words they
antagonize CTR1 action. Cervical cells resistant to platinum drug show elevated
expressions of ATP7A [9]. Also multidrug resistance associated proteins MRPs
especially MRD2 can resist cisplatin (II) through elimination of platinum GSH
conjugates (Platinum-glutathione conjugation, Cisplatin (platinum II) reduction
by glutathione). Increased levels of MRD2 are related to worse results to cispla-
tin with colorectal, hepatocellular and esophageal cancer [13] [14].

3) Intracellular drug detoxification: Formation of platinum-GSH conjugates
decrease the activity of cisplatin, besides they predispose to its excretion through
the action of MRPs. So that it causes drug resistance. Moreover, MTs has im-
portant role in operation the cellular metal homeostasis and detoxification upon
exposure to heavy metal. Studies have shown that cisplatin-resistant tumor cells
have high expression levels of these detoxification enzymes [15] [16].

4) Nucleotide excision repair: After binding to DNA, most of CDDP-induced
DNA damage is included in the formation of intra-strand platinum-DNA ad-
ducts /17 [18]. Malignant cells can save itself by the help of at least 30 proteins
that can discover, certify, unwind, and remove DNA adducts and the filling of
resulted gaps after the excision of platinum DNA complexes. Among these
NER-associated proteins, there is a DNA excision repair protein ERCC-1
(ERCC1) that removes platinum adducts through ERCC1-DNA repair endo-
nuclease XPF. Several studies have assessed the role of ERCC1 in cancer patients
receiving CDDP-based therapies [18]. Various reports confirmed that CDDP ef-
ficacy is decreased with high levels of ERCC-1 in patients with ovarian [19] [20],
lung [20] [21], nasopharyngeal [22], esophageal [23], cervical [24], head and
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neck [25] and biliary tract cancer [26].

5) HSPs (Heat shock proteins): These are responsible for protein denaturation
and have significant roles in cisplatin resistance. For example, HSP 60 is signifi-
cantly high in cervical and liver carcinoma [27]. Elevated levels of HSP27,
HSP70, HSP72, GRP78 and HSP 90 are included in chemotherapy resistant ova-
rian cancer [28] [29], breast cancer [30], colon cancer [31], cervical HeLa cells
[32] and laryngeal carcinoma cells [33].

6) Low molecular weight GTP-binding proteins of Rho family (RhoA, RhoB.
RhoC and Rac that belongs to the Ras tumour suppressor gene family: Rac 1
(Rho GTPase), is involved in head and neck squamous cell carcinoma insensitiv-
ity to cisplatin [34]. Low expressed level of small GTPase such as Rab5, Rac 1
and RhoA was observed in human cisplatin resistant cells [35].

7) Transcriptional factors: Y-box binding protein-1, CCAAT-binding tran-
scriptions factor2, activating transcription factor 4, zinc finger factor 134, the
nuclear transcription factor-B, the microphthalmia-associated transcription fac-
tor, the forkhead transcription factor O, and mitochondrial transcription factor
A have the ability to resist cisplatin [27].

8) Nuclear factor (Erythroid-Derived 2)-like (Nr-f2): The expression of this
factor in cancer cell line is associated with cisplatin resistance. Also increased its
expression in GCF2-transfected KB3-1 cells reduces cisplatin accumulation re-

sulting in 3-fold resistance to cisplatin [27].

2. Wnt5a Protein

Wntb5a is a representative protein that activates cancer progression and spread in
the palmitoylated form through different mechanisms. The roles of the
post-translational modification in the actions of wnt5a were previously investi-
gated. Wnt5a is modified with palmitate at Cys104 and glycans at Asnll4,
Asn120, Asn311 and Asn325. The palmitoylation is not essential for the secre-
tion of Wnt5a but it is necessary for its ability to stimulate cell migration. Gly-
cosylation was necessary for the secretion of Wnt5a but not essential for actions
of Wnt5a [36].

2.1. Wnt5a Role in Malignancy

Whnt5a expression induces proliferation of many cancer types, including glioma,
lung cancer and T-cell leukemia, breast,cerebral, gastric and prostatic cancer.
Wnt5a is expressed in 30% in cases of prosatae cancer. However, knockdown of
wnt5a did not affect gastric or prostatic malignant cell proleferation in-vivo or
in-vitro [36]. Anti-wnt5a inhibits tumor metastasis but not the proliferation of
gastric cancer cells in-vivo [37]. So, wnt5a is inevitable cause of cancer metasta-

sis and proliferation, also it has great affinity to different types of cancer cells.

2.2. Use of Wnt5a as a Drug Delivery Molecule

Through this review we suggest to use Want5a protein as a drug delivery carrier
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for cisplatin. Wnt5a is a carcinogenic molecule in its palmitoylated form, it will
be dangerous to use it in its palmitoylated form, at the same time we need to
preserve its affinity to cancer cells, so we suggest to compensate the affinity of
palmitoylated wnt5a to cancer cells by GPI anchoring and sialylation of its gly-
cosylated form Figure 3.

2.3. Steps of Using the Wnt5a Protein as a Drug Delivery Molecule

From our point-of-view, Wnt5a protein can be used as a drug delivery molecule
for anticaner compounds through three steps:

1) Glycosylation and sialylation of depalmitoylated Wnt5a.

2) GPI anchoring of depalmitoylated Wnta5a.

3) Attachment of chemotherapuetic agent to the modified Wnt5a.

2.4. Glycosylation Wnt5a Protein

Polysialic acid chains (PSA) form a helical structure of a 2-8-linked sialic acid
residues of more than 55 monomers and generate a highly negative charged
moiety [38] [39] [40] [41]. PSA influences signal transduction action, because it
has the ability to modify intercellular interactions. It has also the advantage to
act as a receptor itself [42] [43]. Fucose can exist as a terminal modification or
serve as an attachment point for adding other sugars used for repeating
N-acetylglucosamine [44]. The PSA chain can be attached to the protein mole-
cule through different types of glycans. Through this hypothesis glycosylated
wnt5a can be sialylated.

3. Role of wnt5a Sialylation

Sialic acid based glycol-conjugates coat surfaces of many different cell types; also
it has a major role in mediating, binding and influx to different families of vi-
ruses [45]. So sialylation of wnt5a will augment its binding to different sialic ac-

id-based structures on platelets and leucocytes.
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Figure 3. The proposed use of Wnt5a as a drug delivery molecule for cisplatin.
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3.1. Glycan Structures Candidates for Carrying PSA Chains

1) ((Gal),(GlcNAc),(Man),(fuc),): This glycan contains unusual Galpl-3
structure, which is working as a carrier of PSA. This allowed possible substitu-
tion of the outer arm GlcNac with N-acetylneuraminic acid (NeuNAc)
(a2-6-linked) as well as the galactose residue itself.

2) ((Gal),(G1cNAc)4(Man),(Fuc),): This compound always observed in sialy-
lated state. More than 90% possessed a proximal a2-6 linked sialic acid, 10%
have a2-3/8-linked sialic acid residues.

3) ((Gal),(G1lcNAc)s(Man),(fuc),): This compound has ratio of sialylated to
non-sialylated form 6:1, possibility of a2-6 linked sialic acid to the outer arm
GlcNAc.

3.2. Wntb5a Sialylation Enzymes

PSA is biosynthesized by different polysialtransferases. Three different enzymes
can attach PSA to G1cNAg, the polysialytransferases ST8Siall/STX, ST8SialV/
PST, which show different spatial and temporal expression, and ST8SiallI [38].

3.3. GPI Anchoring of Wnt5a Molecule

Anchoring of GPI will be at Serine 282 of the Wnt5a molecule. GPI anchoring
will compensate the defective affinity of depalmitoylated Wnt5a. This can be
achieved by genetic engineering that has the advantage of being conducted in the
field of tumor immune therapy. In a previous investigation, a plasmid construct
encoding GPI-anchored IL2 was delivered by lipofection to the murine mela-
noma cell line [46]. The modified murine melanoma cells were investigated for
their immune-stimulatory potential. The modified cells were used as a tumor
cell vaccine on mice. It reduced the tumor size and prolonged the survival.

GPI signaling sequences (GSS) in a protein are the needed items for GPI anc-
horing. The GSS contains the later site of GPI attachment (the amino acid in w
position like Ala, Asn, Asp, Cys, Gly or Ser) and a series of hydrophobic amino
acids, essentially forming a membrane associating domain linking the pre-GPI

protein to the luminal side of endoplasmic reticulum.

3.4. Wnt5a-Cisplatin Structure

The glycosylated asparagine residues on wnt5a Asn 114, 120, 311, 325 can bind
to 4 molecules of cisplatin (Cisplatin is C-glycosylated with branch glycosides).
By that way, sialic acids present on glycosylated wnt5a will be preserved for
binding malignant cells besides GPI anchors (Figure 3). Also wnt5a molecule is
familial to different malignant cells that is evidenced by its increased production
though promotion its genetic sequence insides the nucleus, so it will be easily
recognized by malignant cells other than normal cells. Wnt5a will be safe not
functioning after depalmitoylation, just a carrier to platinum prodrug in higher
concentration. By that way resistance mechanisms of cisplatin will be reduced as

illustrated below:
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1) Improved stability, increased half-life time in biological fluids by
c-glycosylation of cisplatin (platinum IV prodrug).

2) Adjusting the length and steric hindrance of axial ligands by
C-glycosylation and sialylation to accommodate the reduction potential of ma-
lignant cell enzymatic system with a positive shift in cancer cells but not normal
cells, especially after binding to modified Wnt5a through lipophilicity of GPI
anchor. This can increase the ability to enter tumor cells before being reduced to
the active Pt (II) in the circulation (blood).

3) Sialic acids that are present on glycosylated Wnt5a will increase the bio-
availability throughout the whole body tissue in case of binding to selectins (sin-
gle chain transmembrane glycoproteins, which bind to sugar moieties, also it has
role in cancer progression). Tumor cells exploit the selectin-dependent mechan-
isms mediating cell tethering and rolling interactions through recognition of
carbohydrate ligands on tumor cell to enhance distant organ metastasis showing
“leucocyte mimicry” that are present on migrating leucocytes, platelets and en-
dothelial cells to distant tissues and organs. So, cisplatin can reach to distant or-
gans when carried on the polysialylated wnt5a that bind with Platelet or endo-
thelial selectins. By that way Wnt5a-selectin complexes will augment cisplatin
delivery to distant metastatic cancer cells by the same mechanism of cancer
spread (binding with selectins). By the same mechanism, selectins will be occu-
pied by binding to sialylated Wnt5a proteins that carry cisplatin, so malignant
cells will have limited number of selectins to bind with, by that way its mechan-
ism for spread is limited, in result distant spread will be reduced.

4) Effect on cisplatin resistance mechanisms:

a) Cisplatin carried after C-glycosylation and carried on modified Wnt5a will
make another way for cisplatin for reaching and entry malignant cells other than
CRT1 (responsible for influx) even if its level on surface membrane is sup-
pressed, also bypassing the effect of CRT2 (responsible for degradation CRT1)
after bypassing CRT1.

b) Copper transporting ATPase 1 and 2 (ATP7A and B), which remove excess
copper from cells: modified form will avoid that mechanism also as cisplatin de-
pends on the modified wnt5a affinity to malignant cells not copper.

c) Intracellular drug detoxification: C-glycosylation will enable cisplatin to
regain its antitumor activity via reduction platinum (IV) to platinum (II) intra-
cellularily, instead of reduction cisplatin (unmodified form) to platinum-GSH
conjugates (GSH conjugates is the main mechanism for detoxification).

d) MRD2 (mediates resistance to CDDP through removal platinum GSH
conjugates). There is no platinum GSH conjugates to be removed.

e) Nucleotide excision repair: In the hypothesis that one molecule of
wnt5a-cisplatin molecule binding to malignant cell, there will be 4 platinum ad-
ducts to malignant cell DNA after entry the modified wnt5a-cisplatin (that con-
tain four C-glycosylated cisplatin molecules) which may overcome the ability of

ERCCI1 to repair the platinum induced DNA damage. In the possibility of mul-
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tiple wnt5a-cisplatin molecules binding, the number of platinum-DNA adducts
will be duplicated four times. For example, if two molecules of wnt5a-cisplatin
bind the malignant cell, there will be eight platinum DNA adducts, four mole-
cules will be resulted in 16 DNA-platinum adducts, and so on. So we can imagine
the number of wnb5a-cisplatin molecule binding affinity to malignant cells espe-
cially after the suggested modifications, it can result in a lot of DNA-platinum ad-
ducts that Nucleotide excision repair of cancer cell could be disabled to save its
DNA from the platinum attack towards its DNA.

4. Conclusions

Wntba is a representative protein ligand that activates cancer progression and
spread in the palmitoylated form, while in the depalmitoylated form it loses its
carcinogenic effect. Cisplatin is an important chemotherapeutic drug used in
treatment of different types of cancer. The glycoside derivatives of cisplatin are
more effective. However, its usage is limited due to severe dose-limiting side ef-
fects, as well as the resistance mechanisms developed by the tumor cell.

Through this review, it was suggested that the depalmitoylated Wnt5a protein
can be used as a drug delivery molecule for the chemotherapeutic agent of can-
cer such as cisplatin. The depalmitoylated Wnt5a molecule can be modified to
improve its binding efficiency with the cancer cell by increase its lipophilicity via
GPI anchoring from the Ser 282 residue. Furthermore, it can be glycosylated at
four asparagine molecules (Aspn 114, 120, 311, 325) by sialic acid containing
glycoside. These modifications will increase Wnt5a bioavailability and attach-
ment to cell membrane (compensation the lipophilic effect of palmitoylation).
The Wnt5a glycosylation enables this molecule to bind with four cisplatin mo-
lecules. In other words, when wnt5a attaches malignant cell it can deliver four
cisplatin molecules intracellular which will have more efficacy. So, Wnt5a will
act as safe transporter (depalmitoylated form) with four sialic acid molecules at
its termination and GPI anchor molecule, as Wnt5a is recognized easily by ma-
lignant cells. In addition, Wnt5a will eliminate many resistance mechanisms of

cancer cells towards cisplatin.
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