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ABSTRACT

Catabolism of Hyaluronic acid plays a major pharmacological action since several pathologies were proven.
Indeed, induction of pro- angiogenic and inflammatory were enhanced while enzyme imparts different sizes of
molecular weight to HA degradation. Research studies emphasized to those enzymes which were played major
palliative in reducing the inflammation and damage released onto the extra-matrix cellular that initiate several
pathologies. CD44 receptor to HA evoke to play pro- angiogenic and inflammatory actions in breast and ovarian
cancer or thyroid associated ophthalmopathy (TAO) and cancer stem cells (CSCs). HA and its binding proteins
CD44 regulate the expression of inflammatory genes and beset the intracellular microenvironment phosphate
kinase pathway. Thus, interaction HA-CD44 fostered the self-renewal of cancer stem cells (CSCs) and imparts the
multidrug resistance due to the ion charge of the HA likewise efflux transporters P-gp. However, steroid compound
was found to inhibit Hyaluronic acid action. Furthermore, hyaluronidase was found to facilitate drug absorption by
promoting spread. Steroid will suppress HA-CD44 interaction in a fragment minimizing the tumor progression or
the multidrug resistance. Indeed, the genetic material was involved in the influence. It is mainly explained with the
substitution and traduction of CD variants. Consequently, steroid may contradict the microenvironment pathway by
inhibiting the phosphate kinase and enhances the stability of genetic material. Researches should mainly
emphasizing the affinity of steroid compound to target the of Hyaluronic acid catabolism and abrogate the stage
that involves the labile function of cytoskeleton.

KEYWORDS: HA, CD44, CSCs, TAO, GAGs, ECM, COX-2, HYAL-2, PGI2, RHAMM, RTKs, HNSCC, ROS,
NASHA, MDR, EMT.

INTRODUCTION we can find in other tissues and organs. Hyaluronan
(hyaluronic  acid) belongs to the family of
glycosaminoglycans (GAGs), but it differs from the
other members. Hyaluronan is a non-sulfated polymer
consisting of a variably-sized but larger molecule of up
to 25,000 disaccharide units, giving a molecular mass of
up to 10 MDa. Within the structure of the extracellular
matrix (ECM), all the GAGs, apart from hyaluronan, are
covalently linked with a protein core, creating structures
known as proteoglycans. Hyaluronan constitutes a frame
for coordinately attached proteoglycans or the other
GAGs, creating huge aggregates./ As well as know that
the connectivity with the CD44 it has shown as good
functionality and an involvement to tumor proliferation
due to the interaction induced through the MAP kinase
proteins. To date, several work remained unclear while
HA-CD44 interactions impart a huge pathologies via
phosphate kinase and inflammatory reaction. Apart the
aberrant function; HA-CD44 has various functions in cell
division, migration, adhesion, and signaling. CD44
arbitrate the human epidermal growth factor receptor
(HER) and common cell signaling pathways regulates

Hyaluronic acid (HA), a linear nonsulfated
glycosaminoglycan, is a major component of the
extracellular matrix (ECM) and is abundant in the human
body.™! The carboxyl group of D-glucuronic acid is
dissociated at physiological pH values, resulting in the
formulation of a negatively charged polymer that
combines with the most prevalent extracellular cation,
Na* to form sodium hyaluronate. Hence, standing for
“hyaluronic acid has been widely accepted. Hyaluronan
belongs to the family of glycosaminoglycans (GAGS).
Hyaluronan is a non-sulfated polymer consisting of a
variably-sized but larger molecule of up to 25,000
disaccharide units, giving a molecular mass of up to 10
MDa. Over half of the total body hyaluronan occurs in
the skin. Moreover, it is found in connective tissue,
synovial fluid, vitreous body of the eye and intervertebral
discs. Hyaluronan is also found in high concentrations
during embryogenesis: in fetal tissues, amniotic fluid, as
a major constituent of fetal structures. Interestingly,
hyaluronan is abundant in malignancies.*** Moreover
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cell division (MET) receptor tyrosine kinase. HA
fragments have been shown to induce RhoA-ROK
pathway-specific effects on keratinocyte functions (eg,
proliferation and/or migration). RhoA-activated ROK
also phosphorylates the cytoplasmic domain of CD44
while steroid overwhelmed the HA action and mainly act
to the genetic material, biochemical pathway and
enzymatic action of hyaluronidase should bypass pro-
oncological and avoid relapsing the phenomenon of
inflammation, induction of cancer and phosphate
catabolism pathway. Processing the inactivation of low
molecular weight (LMW) is likely to improve the proper
direction of palliative and raise the affinity could
rearrange the dysfunctional of phosphate pathway
namely RhoA-ROK pathway or phosphoinositide 3-
kinase (PI3K)/Akt pathway.

1. Cluster of differentiation 44 (CD44) genetic
material

Specifically CD44 is recognized by the HA. The human
cell CD44 genetic material is located on the short arm of
chromosome 11. It holds 50 KB of human DNA and its
chromosome receptor CD44 is composed of 20 exons,
and 12 of them have played a role in splicing. Exons 1-5
encode the constant region of the extracellular domain,
whereas exons 6-15 exons are encoded for variable sides
of the extracellular domain.®®®*"™ Fyrthermore splicing
may be included to the varieties of gene sequences that
induced more variants and standard then it can estimate
more than 800 isoforms. The diversity of CD44 has
induced several endpoints to binding linkage since
angiogenesis was initiated by different binding cognate
within outer cell and inner cell. In addition, the
disengagement of CD44 to ligand was implicated when
its variants is highly expressed. Herein, we can say that
possible translocation can be substitute while using
antisense however steroid may be ramified to act again in
HA namely as known to inhibit the degradation of HA.
Thereby, inherit the function of steroid into the antisense
will improve the feasibility and promote the palliative
enhancement through the phosphate kinase cascade
pathway.

2. Cluster of differentiation 44 ( CD44) receptor

To date, many works showed a progression on cancer
when CD44-HA is highly observed since the only ligand
which has recognized by HA and sparked different
cascade of malignancies. Accordance to the interaction
to HA-CD44 handled the pathway of several phosphate
kinases. Moreover, it has contributing to cancer cell
adhesion, migration, invasion and growth, triggers
multiple intracellular signaling pathways. In the
cytoplasmic environment has been observed apart kinase
dysfunctional while activation of RhoA and Racl, small
GTPase proteins, results in myosin light chain
phosphorylation. Consequently, calcium and pH are
involved in the change then up-regulation of invasions
and cancer cells growth.”! The interaction between
phosphate pathways remains the basic targeted area to
deflect the tumor progression. On the other side, it is

proved that CD44 linked with HA is involved in the
inflammatory with thyroid associated ophthalmopathy
(TAO). Induction on cyclooxygenase (COX)-2
expressions in patients with TAO was well understood
that CD44 high level enhanced the activity of inducing
the formation of prostacyclin (PGI2) and cyclooxygenase
(COX)-2 expressions.”® HA is the main molecule which
is responsible of stimulating COX-2. Thus, cytokines
were prompted to inflammatory process.”! This is
explained whilst HYAL-2 enhanced the catabolism of
high molecular weight and CD44 variants synergic was
urging the yield to cancer progression mainly in cancer
stem cells (CSCs). In recent experiment, mutant
mammary carcinoma cells lacking the ability to
synthesize HA displayed a significant decrease in
metastatic ability in an experimental model of lung
metastasis. In that way, the restitution of HA yielded the
HA ability to act in the adhesion, cell migration and
tumor progression.”*¥ Furthermore inhibition of HA-
CD44 can lead to drop the high connectivity and cut
down the over expression of adhesiveness of human
colon cancer cells to HA, cancer colony forming ability
in soft agar assays, and xenograft tumorigenicity, while
increasing susceptibility to etoposide-induced apoptosist”?
namely  phosphoinositide  3-kinase  (PI13K)/Akt.")
Likewise steroid will inhibit inflammation yielded by the
COX-2 while producing prostaglandin. This was proven
in edema when steroid was administrated to minimize
the drawbacks of hyaluronic acid esthetic fillers injection
into the skin. Besides, the influence of cascade series
realized near the binding of HA-CD44 variants turned
into multi-resistant drug steroid by enhancing the anti-
apoptosis and had urged the up-regulation function of
MDR gene and enhanced ankyrin-regulated multidrug
efflux. The reactive oxygen species (ROS) and cell
damage and death were also implicated since cancer
stem cells consume the energy by glycolysis however it
is evaluate to up-regulation and elevation of CSCs.
Thereby, it is indispensable for further emphasizing to
deflect the aberrant of CD44 variants whose mainly
involved in several pathologies which lead the damage of
intracellular environment. In other word, interplaying in
both HA-CD44 will assume the palliation and the
impasse of up-regulation of HA. Hence, cell proliferation,
migration, angiogenesis and tumor progression will be
contradicted. Cancer stem cells implicated in the
resistance of ROS then survival/up-regulate.

3. Catabolism of hyaluronic acid

HA catabolism split into two parts which has been
degraded by two processes: enzymatic and non-
enzymatic. It is well understood that hyaluronidases
(HYALs) and isoenzyme played a major role in the
degradation while isoenzyme hyaluronidase-2 (HYAL-2)
caused low molecular weight and hyaluronidase-
1(HYAL-1) involved in the catabolism of HA to high
molecular weight. While HMWH is connected to the
extracellular matrix then targeted CD44 ligand, HYAL-2
broke its down into low molecular weight (LMWH) to
intermediate in length molecules (low molecular weight
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hyaluronan — LMWH) of ~ 20 kDa (i.e., containing about
50 repeating disaccharide units).®! HYAL-2 is involved
in tumor progression when degrades the high molecular
weight (HMWH), these pieces went through endocytosis
by lysosomal and resistant to acidic pH® to the
cytoplasmic microenvironment. However, low molecular
weight was implied to induce tumor invasion, adhesion
and cancer progression.

4. HA action in tumor progression

Hyaluronic acid is a polymer whose composition is
repeated disaccharide units composed of D-glucuronic
acid and D-N-acetylglucosamine. The disaccharide
unites is mainly hydrophilic and possess a high osmotic
pressure.’ Moreover, the physical characteristic of
HA is promoted by its hydrophobicity and since paste
decades several works showed pro-inflammatory due to
the linkage in different receptor involved likewise CD44
interaction. Hyaluronic acid promoted pro-inflammatory
circumstances in different cases such as s pulmonary
fibrosis, diabetes, and intervertebral disc
degeneration.>*®! Recent studies has marked that low
molecular weight of HA has been degraded by HYAL-2
induced through the cytoplasmic environment cascade of
phosphate kinases as well as the activation of RhoA and
Racl, small GTPase proteins, results in myosin light
chain phosphorylation when high molecular weight is
metabolized. These ones will improve the feasibility to
target the HYAL-2. The medication of steroid will play
onto the inhibition of high molecular weight degradation
or incorporate to the modification of the genetic material
namely mRNA transcription in that condition steroid is
holds a carrier as substrate to bind it ligand coenzyme to
escape the multidrug resistance. So cytokine productions
won’t be output neither inflammation nor phosphate
kinases pathway destabilization. Thus coenzyme HYAL-
2 would exchange with steroid medicine while high
molecular weight assumed to bind HA-CD44 and goes
through normal function. Nonetheless CD44 was
castigated to stimulate inflammatory and breast cancer
due to its variability likewise RHAMM.M! Unlike
CD44, RHAMM is found abundant in the cytoplasm
which interferes into the cell cycle (G2/M) and co-
stimulates the signal transduction pathways as ERK1, 2,
which are initiated by growth factor.*® Whereas CD44
and RHAMM are mainly involving the joint activity in
certain conditions such as stroma, settling the medication
in both HA-RHAMM seemed to improve the stability
inside cytoplasm and outside ECM.

5. HA fragmentation results

In mammals, catabolism of HA undergoes to three types
of enzymes: hyaluronidase (hyase), D-glucuronidase, and
B-N-acetyl-hexosaminidase. Within the body these
enzymes act differently hyase cleaves high molecular
weight HA into smaller oligosaccharides while (-d-
glucuronidase and B-N-acetylhexosaminidase further
degrade the oligosaccharide fragments by removing
nonreducing terminal sugars.'*”? Hyaluronidase disrupted
hyaluronic acid by splitting the glucosaminidic bond

between carbon-1 of the glucosamine moiety and carbon-
4 of glucuronic acid. To this, oligosaccharides and low
molecular weight hyaluronan yielded to pro-angiogenic
properties while high molecular weight prone to anti-
inflammatory proprieties.® HA is hygroscopic then able
to induce damage while disconnected with the
extracellular matrix. Therefore, thus the activation of
signaling phosphate kinase pathways is activated and
influenced to the generated cell migration, proliferation,
and gene expression.*¥ Since HA is degraded in two
parts, HYAL-2 isoenzyme takes in charge with the high
molecular weight to degrade it in small particles called
low molecular weight (LMW) which seemed to be
involved in many balance of pathological and
pharmacological dysfunction. Thereby, high molecular
weight (HMW) undergoes depletion outside the cell into
low molecular weight through endocytosis carried by
vesicles.” Therefore depletion of molecular degradation
was created when oxidation of free radical was released
and Reactive oxygen species — ROS (and/or reactive
nitrogen species — RNS) occurred in the cytoplasm. In
same case it happens in rheumatoid arthritis. A recent
laboratory studies had showed and proved the
involvement of small molecular weight in the
dysfunction related on phosphate pathway. High
molecular weight found to be inactive while low
molecular weight to CD44 has induced phosphorylation
of MAP kinase proteins (MEK1/2, ERK1/2 and c-Jun)
within 30 min. these ones were explained when using
anti-CD44 monoclonal antibody, the concentration level
remained decreased. As far as possible sustained the
tumor cell invasion could be more perplexed while
several in vitro animal studies showed a promise in
monoclonal antibody (Anti-CD44). However, since
steroid had great affinity to inhibit the hyaluronic acid
and the constraint of CD44 variants is highly implicated
that should be targeted. Since CD44 variants implicated
in tumor progression.”? The progression of head and
neck squamous cell carcinoma (HNSCC) is a witness of
CD44 variants.? Those isoforms played a great role in
tumor progression and metastatic. The outer cell and
inner cell had encountered basic modification where
transcription in stem-cell is the key factor of the
progression for instance Sox2, KIf4, Oct4, and Nanog are
mainly observed in human cancers.”**1 Other study
used hyaluronic acid to treat arthritis found being
effective to protect the cartilage. The hygroscopic
proprieties of HA induced the attractive linked between
extracellular matrix and the low molecular weight where
it had played an action of cell invasion, cell migration,
proliferation, and gene expression. Furthermore, HMW-
HA is one of the principle components which acts due to
its molecular size as anti-inflammatory and since its
extension in the cell matrix which took stock of inhibitor
of proliferation cell and prevention intra-matrix
damage.®?%%") In recent studies, it came to question the
action of the mitochondrial that reactive oxygen species
(ROS) is involved. It is at this moment that phosphoric
links encourage the offshoring of connectivity. It
depends of the molecular chain of HA, these is bypassed
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through cell monocytes and platelets of way or
membership. Depending on the composition of the
molecule degraded many studies focused on the
blockbuster of the chemical elements that can be
questioned of being stimulating of gene transcription
namely  TNF-a, IL-12, IL-1B, and  matrix
metalloproteinases.”®??  Oligomers of around 7
disaccharide units inhibit anchorage- independent growth
of several tumor cell types and induce apoptosis in
vitro®! but in other side an interplaying was found to
small oligosaccharides between 3 and 9 disaccharide
units, because of their shortness, exhibit only monovalent
binding to CD44, displacing any hyaluronan polymer
from  membrane  bound receptors  (receptor
antagonists).® The interaction of high molecular weight
of HA with Toll-like receptor 4 (TLR4) also is
synergized on biological activities® by increasing these
secretion of suppressor of cytokine signaling 3 (SOCS3),
that underplayed the proinflammatory cytokine
expression. The redirection of Toll-like receptor 4 (TLR4)
to target HA likewise steroid to inhibit HA assessed the
pattern of suppressing the pro-inflammatory and other
pharmacological cascades.

6. HA study

Hyaluronic acid is a major component of extracellular
matrices and cell surface receptors of HA which is
mainly work as cell proliferation, migration, and
invasion. Moreover, its binding to CD44 receptor raised
several pharmacological and pathological effects.
Likewise CD44, HA-mediated motility (RHAMM)
revealed as a ligand of HA whose acts in biological
function in human and interfered in malignancies. These
interactions as soon as induced markedly modifying the
phosphate kinase pathways. In recent studies, it was
shown that HA is found in pericellular matrices attached
to the HA-synthesizing enzymes or its receptors and is
also present in intracellular degradation
compartments.*3*4338 Wwhilst, in other animals played a
role such resistance and strength in cancer when using
antisense techniques suppresses tumor growth. So to this
model explained that high level of HA may included in
cancer suppression in naked mole rate.*”! The HA and its
degraded were accumulated in the cytoplasm by
endocytosis through lysosome vesicles and induced
inflammatory genes with renal tubular epithelial cells T-
24 carcinoma cells and eosinophils.®*41 HA of 40—
400kDa interact with HA-receptors to activate the NFxB-
mediated gene expression for endocytosis likewise HA-
RHAMM by intracellular signaling pathways.!!#**!
Consequently, these pathways involve wound healing
and tissue remodeling,[****“®! tissue morphogenesist***"!
matrix  organization, and much inflammatory
pathology.[47*48'49'50*51'52'53]

7. NASHA (Non Animal Stabilized Hyaluronic Acid)
NASHA comes from purified preparations of AH of
bacteria and several product manufactured in this type
had approved commercialization when indorsed by FDA
in 2002 such as Restylane®. Despite of the effectiveness

of non-animal stabilized hyaluronic acid but local
inflammatory  reactions immediately  non-allergic
diatoms (erythema, sweIIin%) are frequent and they
disappear without treatment. %] Contrariwise, common
hyaluronic acid injection doesn’t show any similar action.
NASHA is largely used in facial esthetic injection to
treat skin aging due to lack of hyaluronic acid, collagen,
fatty tissues and elastic fibers. It provides loss of volume
and appearance of wrinkle. However, it eliminates
wrinkles and skin folds and reshapes facial contours.®”!

8. The epithelial-mesenchymal transition (EMT)
The epithelial-mesenchymal transition (EMT) was found
to be correlated in the dysfunction when HA is
overexpressed. Therefore, using transgenic mice while
introducing HAS2 gene raised the up-regulation and
interference between several endpoint of epithelial
phenotype in tumor cells.® Consequently, as soon as
HA is concerned with to EMT and further modification
were found to be included in both connectivity. So HA
induced overproduction up-regulated Snail and Twist
expression in a mammary carcinoma cell.®® It was
explained by the secretion of cytokines and growth
factors. These can be explained by autocrine/paracrine
cytokine loops in controlling HA-induced EMT.
Obviously, TGF-p was found to be responsible of
stromal and tumor cells when interfering with EMT. In
fact HAS2 was implicated to stimulate TGF-B to act as
inducer and promote dysfunction such as fibronectin,
Snail, and Zeb1."®!

9. Deflection of HA-CD44

The ligand binding of HA-CD44 or HA-CD44v can be
deflected. In addition steroid compound when used its
action can induce inhibition to the catabolism of HA as
well as the linkage between HA-CD44 may be prohibited.
Indeed, the linkage was responsible of receptor tyrosine
kinases (RTKs) damaging. RTKSs are sensitive and more
active since it has catabolic site where phosphate
compound has interconnection and may be responsible of
several cascade. Pathological action observed in RTKSs to
CD44 is due to the intervention of HA fragments resulted
in malignant colon, prostate, and breast carcinoma cells.
So far induction of COX-2 and MDR is major part of
HA-CD44 high level. This interaction enhances the
stimuli and development of several pathologies such as
ERBB2, ErbB3, EGFR, IGF1R-B, PDGFR-B, and c-
MET, as well as assembly of lipid-raft integrated
signaling complexes containing these activated RTKS,
CD44, ezrin, PI3-kinase (PI3K) and the chaperone
molecules HSP90 and CDC37, which upgrades apoptosis
resistance in cancer cells.>585%9:60-61 | hreast tumor cell
migration ~ CD44v3  mainly  up-regulates  the
phosphorylation while well known to be responsible of
these pathologies. In other side, RhoA-activated ROK
also phosphorylates the cytoplasmic domain of the
CD44v3 isoform.’@ It is well-known that CD44v
sponsored the cascade and intervention of HA within
phosphorylation kinases chain reaction. Notion that
HGF-initiated c-Met signaling that required association
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of the CD44 cytoplasmic tail with ezrin/radixin/moesin
family members to regulate MEK and Erk signaling
pathways was caused by a variant CD44 receptor.!
Previously, rather than CD44v6 its counterpart CD44v3
promoted the CSCs involvement when drew the binging
of HB-EGF precursor and matrilysi/MMP7 while
degrading the matrix connectivity and induced the cancer
resistance.®™ Indeed, the antisense when insert to modify
the transcription of CD44v can be repaired.

10. Multidrug resistance (MDR)

The anticancer drugs have been largely used to shrink the
tumor progression. Treatment of malignant diseases is
rather focused on targeting the growth factors, specific
signaling pathway, angiogenesis and tumor antigens.
Nevertheless, no acquired in some tumors are refractory
to drugs due to the sensitivity. Recent studies showed the
nuclear translocation and efflux phenomena by reflecting
the medicine through membrane bilayer pump. In
addition, these hindrances were found to malignant
melanomas, bronchogenic carcinoma (non small cell).
Indeed, cancer stem cells had more potent to be out of
neutralization the CSCs and apoptosis. The degradation
of ECM has supported the evasion of angiogenesis.
Elsewhere, translocation of multidrug resistance gene
indicated as promoter which has been co-stimulated
Nanog and Stat-3 dependent MDR1 gene expression.
The HA-CD44 interaction altered the microenvironment
then translocation and cascade phosphate pathway was
enhanced when a high concentration level accumulated
steadily which leaded to anti-apoptosis.®*®*! In addition
steroid (corticosteroid) administration into osteoarthritis
patients showed a good result that found to palliate the
reduction of pain likewise the inflammatory cascade
compared to the treatment by hyaluronic acid even if the
later observation into the group administrated showed
not far difference of effective results. In addition, when
administrating steroid a visual response was quick
observable with a consistency of dosage.

11. CONCLUSION AND PERSPECTIVES

Hyaluronic acid is an anionic, nonsulfated
glycosaminoglycan widely distributed in different part of
the body. It is unique for CD44 receptor binging and play
a great role in cell adhesion, migration, anti-aging, penis
elongation and wound healing. Besides, it is assessed to
be potent in osteoarthritis intra-articular in intra-articular
injection. Moreover, the extracellular matrix damage
assessed by the involvement of tumor cell-associated
proteases  (MMP.s-2, MMPs-9,  urokinase-type
plasminogen activator (UPA), serine protease) and tissue
inhibitors of gelatinase (TIMP-2) which are amid to the
extracellular matrix degradation.

Ultimately, different pathologies were encountered and
possible therapies are suspected since corticosteroids
were found highly potent in different treatments as well
as to find a new direction for its use as antisense.
Meanwhile, steroids could play a great role while
translation may inhibit the CD44 variants and HA

enzymes (HYAL) which was suspected to break up HA
into low molecular weight. This one enhanced the
proinflammatory  action, cell migration, tumor
progression ....etc. In this review some instance showed
the profile of steroid effectiveness compared to intra-
articular hyaluronic acid injections of in the treatment of
osteoarthritis. To date, different perspective emphasized
to limit the phosphate kinase pathway which could be
inhibit from the linkage of CD44 onto MAP kinase
proteins (MEK1/2, ERK1/2 and c-Jun). Accordingly,
devoid of human chondrosarcoma cells likewise other
cancer pathologies. Therefore the following scientific
research could predict the transcription of micro-RNA
modification loci since steroid introduction into the
nucleus acts immediately to translate mRNA for further
protein synthetase. Thus, substitution of nucleotides from
mRNA transcription may direct for further protein
translation and assess the inhibition of extracellular
matrix. So that autocrine action would inhibit the damage
of intracellular compartment.
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