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Innovative therapy of ovarian cancer based on
overexpression of CD44 receptor

Innowacyjna terapia raka jajnika wykorzystujgca nadekspresje receptora
CD44
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Abstract

Ovarian carcinoma constitutes the main cause of cancer-related death among women. The curability rates remain
low despite rapid advances in medicine. Thus, the search for new and improved methods continues, with CD44-
targeting as one of them. CD44 is a cell-surface glycoprotein, which binds to its ligand — hyaluronic acid (HA) —
and regulates crucial processes such as cell differentiation, proliferation and migration. Overexpression of CD44,
observed in many ovarian cancer cells, is used in creating carriers for selective delivery of various drugs (paclitaxel,
doxorubicin, camptothecin or cisplatin) to cancer cells.

In this article, we summarized the current state of knowledge regarding CD44-targeting as a new and more efficient
way of ovarian cancer treatment, with high potential and promising therapeutic perspectives.
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Streszczenie

Nowotwor jajnika stanowi jedng z gtownych przyczyn smierci wsrod kobiet. Pomimo gwaftownego rozwoju medycy-
ny jego wyleczalnosc jest wcigz na bardzo niskim poziomie. Z tego powodu nowe i lepsze metody terapii sg wcigz
poszukiwane. Jedng z nich jest celowanie w czgsteczke CD44. CD44 jest glikoproteing bfonowa, ktdra wigze sie ze
swoim ligandem — kwasem hialuronowym (HA) — i reguluje kluczowe procesy takie jak roznicowanie, proliferacja czy
migracja komorek. W wielu komdrkach raka jajnika obserwowana jest nadekspresja CD44, co wykorzystuje sie przy
tworzeniu nosnikow, aby selektywnie dostarczac leki (paklitaksel, doksorubicyne, kamptotecyne czy cisplatyne) do
komorek nowotworowych.

W niniejszym artykule dokonalismy podsumowania aktualnego stanu wiedzy dotyczgcego terapii celowanej w CD44
Jako nowej, skuteczniejszej metody leczenia raka jajnika, cechujgcej sie wysokim potencjatem oraz obiecujgcymi
perspektywami.
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Introduction

CD44 is a cell-surface glycoprotein, which is essential for
the proper course of cell proliferation and differentiation. It oc-
curs in both, normal and cancer cells, but overexpression of this
receptor is observed in the latter [1]. Notably, CD44 has been
high-expressed also in cancer stem cells (CSCs), which consti-
tute a small population of undifferentiated cells with the ability
of self-renewal. This small fraction of cancer cells is responsible
for relapse, chemoresistance and metastasis [2, 3, 4]. Hyaluronic
acid (HA), a linear polysaccharide of alternating D-glucuronic
acid and N-acetyl-D-glucosamine units (Figure 1A), which is the
only non-sulfated glycosaminoglycan and which occurs primar-
ily in vivo as sodium hyaluronate, is the main ligand for CD44
(Figure 1B) [5]. The interaction between those molecules is the
base for the regulation of cell proliferation and migration [1].
Therefore, HA-bioconjugates have been proposed as a good way
to enhance selective uptake of cytotoxic drugs into cancer cells
with the overexpression of the CD44 receptor (Figure 1C) [5].
The dual role of HA has been well-known. This polysaccharide
on the surface of the carrier is not only recognized by CD44, but
it also provides a hydrophilic coat for the carrier, thereby enhanc-
ing its circulation time in the bloodstream [6].

Our article presents the latest data on HA-conjugates appli-
cability in the treatment of ovarian cancer, which is the fifth cause
of cancer-related death among women. Despite modern diagnos-
tic and therapeutic approaches, the statistics are still alarming.
Early-stage ovarian cancer gives unspecific symptoms which are
often confused with gastrointestinal disorders. Thus, the majority
of cases are discovered in FIGO stage III or IV, when currently
applied therapeutic strategies are mostly ineffective. Standard
chemotherapy, the treatment of choice besides surgery, is of-
ten insufficient due to the development of multidrug resistance
(MDR), even to the most commonly applied drugs like anthra-
cyclines or taxanes [7, 8]. Taking this into account, the search
for new methods, which would be efficient especially in cases
resistant to other ways of treatment, remains a challenge for con-
temporary medicine. Owing to CD44 overexpression in ovarian
cancer cells, new approaches using this molecule for a targeted
therapy have been recently developed [9].

Hyaluronic acid as a ‘backbone’ for
anticancer drugs

The number of antineoplastic drugs delivered to cancer cells
in special carriers and directed specifically against the CD44
molecule is substantial. Chief among them is paclitaxel (PTX),
a commonly used member of taxanes, whose anticancer efficacy
has been documented in various cancer types, including ovarian
cancer [10]. Auzenne et al., examined a conjugate (HA-PTX)
composed of a hyaluronic acid molecule, which was a backbone
for PTX. In vitro assays revealed that HA-PTX was cytotoxic
against SKOV-3ip and NMP-1 human ovarian carcinoma cell
lines, which overexpressed CD44. The efficacy of HA-PTX con-
jugate was compared to single PTX activity in in vivo studies.
SKOV-3ip and NMP-1 cells were transplanted into female nude
mice and the animals were treated with HA-PTX or free PTX.
NMP-1 xenografts turned to be strongly resistant to PTX treat-
ment, while administration of a single-dose of HA-PTX signifi-
cantly improved survival in mice as compared to controls. Even a
single dose of HA-PTX was enough to exhibit antitumor activity
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in the SKOV-3ip model. MR (magnetic resonance) studies also
showed reduced tumor mass in HA-PTX-treated mice (in both,
NMP-1 and SKOV-3ip models), much greater than in control
animals. What is also important, HA-PTX conjugates are spe-
cifically transported by CD44 receptors, contrary to nonspecific
pinocytosis uptake of another PTX conjugate, XYOTAX (PTX
linked with poly-L-glutamic acid). Preincubation with free HA
stopped the ability of the HA-PTX conjugate to decrease cell sur-
vival [11]. Other anticancer drugs, such as doxorubicin or cispla-
tin, may also be directly attached to HA.

HA as a part of nanoparticles

HA-PTX conjugates are active against different types of
cancers, but the PTX/HA ratio is of key importance. High dos-
ages of PTX are believed to decrease the solubility and mask the
recognition elements of HA, thus restricting the conjugate activ-
ity [12]. The use of additional components might present a solu-
tion to this problem. Paclitaxel is often used as a conjugate with
a water-soluble N-(2-hydroxypropyl) methacrylamide (HPMA)
copolymer. Its efficacy against ovarian carcinoma has been well-
established [13]. Journo-Gershfeld et al., observed an enhanced
targeting ability to the CD44-overexpressing SKOV-3 ovarian
cancer cells when HPMA copolymer was connected with low
molecular weight hyaluronan, significantly higher than the toxic-
ity of conjugates of HPMA and PTX, not modified with HA [12].

Similar effects were noted for doxorubicin (DOX). Luo et
al., examined two kinds of conjugates: HA-DOX and HA-DOX
linked to HPMA copolymer. The latter was much more cytotoxic
against SKOV-3 cells than both, the non-targeted HPMA-DOX
and the HA-DOX conjugate, but not toward mouse fibroblast NI-
H3T3 cells. Those studies confirmed that HA is responsible for
selective delivery of anticancer drugs to the CD44 overexpress-
ing cells [14]. Immuno-mediated delivery of doxorubicin was
also provided due to liposomes loaded with this anticancer agent,
targeted specifically to tumor cells overexpressing the CD44 cell-
surface marker. Their activity has been well-established in in vi-
tro studies on murine melanoma cell line [15], liver [16], breast
[17], and ovarian cancer [18] lines.

Vangara et al., tested yet another CD44-targeting system.
They used hyaluronic acid (HA)-decorated poly(lactic-co-glycol-
ic acid)-polyethylene glycol (PLGA-PEG) nanoparticles, which
were loaded with SN-38. This molecule is a derivative of camp-
tothecin and inhibits the activity of topoisomerase 1. However,
its application is limited due to poor solubility in water and other
commonly used solvents. Thus, SN-38 nanomedicine formula-
tions, improving drug delivery to cancer cells, are synthesized,
such as PLGA-PEG. Firstly, assays demonstrated that the cellular
uptake of PLGA-PEG decorated with HA was much higher in
SKOV-3 and OVCAR-8 ovarian cancer cell lines (both exhibit
CD44 expression) than in CD44-negative cells. Secondly, carrier
coated with HA was significantly more cytotoxic in both tested
lines in comparison to non-targeted nanoparticles [19]. Similar
conjugates were discovered for targeted delivery of camptothecin
[20].

Cisplatin is another chemotherapeutic agent commonly used
in ovarian cancer treatment. It also may be a part of conjugates
specifically delivering the active substance to ovarian cancer
cells overexpressing CD44. Li et al., developed Hyplat micropar-
ticles (hyaluronan cross-linking with cisplatin) and tested them
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on CD44-positive ovarian cells (OV2008 and A2780). They dem-
onstrated that internalization of Hyplat microparticles is more
efficient in cells with high expression of CD44 as compared to
controls (UCI101). Also, these authors observed that Hyplat up-
take was significantly enhanced in CD44-positive cells, but not
CD44-negative cells in comparison to the results obtained for
free cisplatin. The conjugate inhibits the growth of A2780 cells
inoculated intraperitoneally and improves the survival more ef-
fectively than free cisplatin [21]. In turn, Bai et al., tested cispl-
atin-encapsulating particles coated with maleimide-polyethylene
glycol-Poly(D,L-lactic-co-glycolide)  (cis-encapsulating-PEG-
PLGA) conjugated with CD44 monoclonal antibody. Its efficacy
was determined on two CD44-overexpressing ovarian cancer cell
lines: CP70 and SKOV-3. It was proven that cis-encapsulating-
PEG-PLGA particles targeted to CD44 molecules exhibited high-
er antiproliferative activity against ovarian cancer cells than free
form of cisplatin, cis-encapsulating PLGA particles and cis-en-
capsulating PEG-PLGA particles without specific antibody [22].

Magnetic nanoparticles are one of the modern classes of car-
riers and are used for both, diagnostic and therapeutic purposes.
Dakdouki et al., demonstrated their efficacy in ovarian cancer.
In the first step, in vitro studies were undertaken and demon-
strated that doxorubicin attached to hyaluronan-coated super-
paramagnetic iron oxide nanoparticles (HA-SPION) was much
more toxic to ovarian cells (both, drug-sensitive and multi-drug-
resistant) than free DOX. Additionally, nanoparticles coated with
HA provided more rapid uptake by cancer cells in comparison
to particles without hyaluronan [23]. Similar effects were ob-
served in in vivo studies. Efficacy of DOX-loaded HA-SPIONs
was assessed on SKOV-3 ovarian tumor models in nude mice.
It was indicated that DOX released from the nanoparticles ac-
cumulated in tumor tissue at higher levels than free DOX given
intravenously. Also, the distribution of the delivered DOX was
wider. Consequently, reduction of tumor growth, delay in tumor
development and survival extension in mice were more signifi-
cant after DOX-HA-SPIONSs [24]. The above mentioned findings
suggest that HA-SPIONs constitute a promising approach to tar-
get CD44-overexpressing ovarian cancer cells.

Also, silica nanoparticles were used to tackle CD44-over-
expressing ovarian cancer cells. El-Dakdouki et al., synthesized
doxorubicin-loaded, hyaluronan coated silica nanoparticles
(SNPs), which contained fluorescent core targeting CD44 mol-
ecules. It was observed that the uptake of ligand-free SNPs by
the SKOV-3 cells, overexpressing CD44, was much lower than
the uptake of hyaluronan coated nanoparticles. Further studies
revealed that CD44-mediated endocytosis was the main way of
HA-SNPs penetration. Also, nanoparticles with DOX were ef-
ficiently delivered to cancer cells [25]. Further studies are neces-
sary to confirm that methods of cancer treatment based on CD44-
targeting are more effective.

HA in the fight against MDR

Targeting CD44 molecules may also overcome MDR, which
is the major cause of chemotherapy inefficiency. In order to avoid
the mediator of MDR, P-glycoprotein (P-gp), phospholipid-based
nanoparticle clusters coated with CD44 ligand, glycosaminogly-
can hyaluronan, called gagomers (GAGs), were devised. The
activity of DOX-loaded GAGs (DOX-GAGs) in ovarian cancer
cells overexpressing CD44 was compared with the effective-
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Figure 1. (A) Chemical structure of hyaluronic acid (HA); (B) binding of HA to the
receptor CD44, which allow the penetration of HA into cells; (C) use of HA to the
transfer of anticancer drug into the cell (Based on [5], modified).

ness of both, liposomal DOX (DOXIL) and drug-free GAGs. It
turned out that DOX-GAGs significantly decreased cell viability,
whereas DOXIL and free GAGs did not bring therapeutic effects.
What is more, further studies based on RNA interference strategy
revealed that DOX-GAGs could overcome P-gp-mediated mech-
anism of MDR. High efficacy of DOX-GAGs in comparison to
free DOX was also established in in vivo studies in resistant hu-
man ovarian adenocarcinoma mouse xenograft model [26].

Conclusions

CD44 molecule offers a wide spectrum of possibilities for
improving medical intervention. Different therapeutic strategies
using CD44 overexpression might be successfully applied in
ovarian cancer treatment. First and foremost, HA can serve as
a backbone for anticancer drugs, such as paclitaxel, which are
then directed specifically against CD44 molecule on cancer cell
surface. Nevertheless, HA may also be a part of more complex
carriers consisting of HA, antineoplastic drugs (e.g. paclitaxel,
doxorubicin, camptothecin and its derivative SN-38, cisplatin)
coated with HPMA or PEG-PLGA. Various researchers con-
firmed that decorated nanoparticles are more cytotoxic and reveal
higher activity against ovarian cancer cells than uncoated ones.
The latest methods use superparamagnetic iron oxide and silica
nanoparticles loaded with doxorubicin to tackle CD44 overex-
pressing ovarian cancer cells. Targeting CD44 may also be a way
of overcoming MDR. Gagomers, which are phospholipid-based
nanoparticle clusters decorated with glycosaminoglycan hyaluro-
nan, have the ability to avoid P-gp and thus may possibly enhance
the efficacy of chemotherapy. In our paper, we provided a short
summary of using CD44-targeting in ovarian cancer treatment.
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