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Abstract

Hyaluronan (HA) synthesis and degradation are altered during carcinogenesis leading to an increased
HA content in the tumor microenvironment, which correlates with poor prognosis and treatment
outcomes. The main HA receptors, CD44 and RHAMM, are also overexpressed in tumors where

they activate anti-apoptotic, proliferative, invasive, and migration signaling pathways.

Herein, we used a unidirectional HA gradient to investigate in a high-throughput fashion the bi-
directional communication between HA and breast cancer cell lines with different surface expression
of CD44 and RHAMM. We found that the expression of CD44 and RHAMM depends on the HA
density: the expression of these receptors is promoted at higher HA density and RHAMM is more
sensitive to these changes when compared to CD44. Blocking either CD44 or RHAMM revealed
different functions on binding and recognizing HA and a compensatory expression between these

two receptors that maintains protumorigenic effectors such as cortactin.

Statement of Significance We show that the expression of main hyaluronan (HA) receptors CD44
and RHAMM is enhanced in a HA concentration-dependent manner. Blocking activity experiments
with either RHAMM or CD44 reveal the redundancy of these two receptors towards HA recognition
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and activation/recruitment of protumorigenic molecular effector, cortactin. These experiments also
demonstrate that cells with overexpressed RHAMM are more sensitive to HA density than CD44
positive cells. The reported results are important for the development of therapies that target the
hyaluronan signaling in the tumor microenvironment.

Keywords
Breast Cancer, Hyaluronan, CD44, RHAMM, Compensatory Mechanism
1. Introduction

Breast cancer development and progression are correlated with a constant remodeling of the
extracellular matrix (ECM). Among different ECM components, hyaluronan (HA) has been
associated with several tumorigenesis processes.[1] Overexpression of hyaluronan synthases (HAS),
particularly HAS2, leads to an accumulation of HA at the tumor site.[2-4] The increased content of
HA is a poor prognosis marker of most invasive breast cancer cells because in the tumor
microenvironment HA activates anti-apoptotic, pro-invasion, and pro-migration signaling pathways

and regulates multidrug resistance, tumor growth, and progression.[5-11]

In breast cancer, HA biocactivity is transduced by its main receptors, cluster of differentiation 44
(CD44) and the receptor for hyaluronan mediated motility (RHAMM). CD44 is a type |
transmembrane protein that interacts with HA via an amino-terminal link domain present at the
protein ectodomain and common to other hyaladherins.[12, 13] This receptor is ubiquitously
expressed at the cell surface, and it is involved in cell-cell and cell-ECM communication.[1] CD44
receptor is overexpressed in several cancers, including breast, and correlates with an aggressive
behavior and poor prognosis.[14, 15] RHAMM binds HA through an HA-binding region that
structurally differs from the CD44 one.[16] RHAMM has different cellular functions according to its

localization in the cell: it can take part of the cell in-out signal transduction when is expressed at the
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cell surface, and/or act as an intracellular effector and regulator of motile and proliferative
pathways.[17-21] This HA receptor is not detected in most tissues; however, it is expressed during
wound repair and in several cancers.[22] In breast cancer, RHAMM overexpression is linked to poor
clinical outcomes.[23] Despite their structural differences, CD44 and RHAMM have some
overlapping functions in HA signaling, and both compensatory and cooperative mechanisms between
these receptors have been proposed.[5, 24-26] Herein, we developed molecular gradients to study the

relationship between HA content and CD44 and RHAMM expression and function.
2. Materials and Methods:

2.1 Materials. Sodium hyaluronate (HA, weight average molecular weight (MW), 4.8 kDa, MW
dispersity of 1.2) was acquired from Lifecore (USA). End-on-thiolated HA was synthesized by
coupling a short (C;1) alkanethiol at HA reducing end using an oxime reaction, as previously
described (details provided in the SI).[5, 27] The antibodies used in this study were monoclonal
antibody to CD44 — Ascites (Acris), anti-CD44 antibody [KM201] (Abcam), anti-CD168 antibody
[EPR4055] (Abcam), RHAMM antibody (H-8) (Santa Cruz Biotechnology), anti-CD44-PE (BD
Biosciences), and AlexaFluor® 594 donkey anti-mouse 1gG1 (H+L) (ThermoFisher Scientific). We
used 4',6-diamidino-2-phenylindole (DAPI, Biotium), and fluorescein isothiocyanate labeled

phalloidin (phalloidin-FITC, Sigma) for nucleus and cytoskeleton staining, respectively.

2.2 Preparation of HA gradients. Glass coverslips (2 x 2 cm?) were cleaned in piranha solution and
amino-functionalized using 3-(aminopropyl)triethoxysilane (APTES) (1% v/v in acetone, 30 min,
room temperature (RT)). Substrates were washed with acetone in an ultrasonic bath and cured (110
°C for 1 h under vacuum).[28, 29] Gold nanoparticles were synthesized by the Turkevich
method[30] (details provided in the SI) and immobilized on the amino-functionalized coverslips by
diffusional deposition. Briefly, a dispersion of gold nanoparticles (5 mL of the obtained gold

nanoparticles colloidal suspension in 95 mL of Milli-Q water) was pumped (100 mL/min for 2 h) at
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the bottom of a container with the vertically positioned substrate. The generated gold nanoparticles
gradients were washed with Milli-Q water, dried under nitrogen flow, and stored or further
functionalized by immobilization of end-on-thiolated HA (0.5 mg/mL in Milli-Q water, overnight
incubation, RT). The HA-functionalized substrates were washed with phosphate-buffered saline
(PBS) and passivated with bovine serum albumin (BSA 3 % wi/v in PBS for 30 min at RT). Wheat
germ agglutinin (WGA) Alexa Fluor® 488 conjugate (1.25 ug/mL in PBS, 10 min, RT, Molecular
Probes) was used to confirm the presence and bioactivity of the immobilized HA. Gold nanoparticles

gradients passivated with BSA were used as a control substrate.

2.3 Breast cancer cells culture and interaction with HA gradients. The obtained gradients were
sterilized with UV light (30 min) before cells seeding. We used two breast cancer cell lines, namely
MDA-MB-231 and Sk-Br-3 (American Type Culture Collection, ATCC). Cells were kept in culture
on tissue culture polystyrene in Dulbecco Madified Eagle Medium high glucose (4500 mg/L)
containing phenol red (Sigma-Aldrich) and supplemented with 3.7 mg/mL sodium bicarbonate
(Sigma-Aldrich), 10 % fetal bovine serum (FBS, Gibco) and 1 % antibiotic/antimycotic (10000
units/mL penicillin G sodium, 10000 ug/mL streptomycin sulfate, and 25 ug/mL amphotericin B in
0.85% saline; Gibco) at 37 °C with 5% CO, humidified atmosphere. At 80 % confluence, cells were

detached with TrypLE Express (Gibco), centrifuged (300g for 5 min), and subcultured.

To study the interaction with gradients (HA or gold), cells were seeded at a density of 10° cells/cm?.
For blocking CD44 or RHAMM receptors, cells (2 x 10° cells) were suspended in 100 pL of
complete growth medium containing anti-CD44 antibody (1 pg, KM201 Abcam) or anti-CD168
antibody (400 ng, EPR4055 Abcam), respectively for 30 min at 37 °C in 5 % CO, humidified
atmosphere. After washing with PBS, cells were seeded on gradients at a density of 10° cells/cm?.

Receptors’ expression was evaluated 24 h after the seeding by immunocytochemistry.
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2.4 Flow cytometry. Upon 70 % of confluence, cells were detached by incubation with 4 mM
ethylenediaminetetraacetic acid (EDTA, Sigma-Aldrich) in PBS pH 8 (Sigma-Aldrich) for 10 min at
37 °C in 5% CO; humidified atmosphere. Cells were characterized by flow cytometry using the
following antibodies: human anti-CD44 PE (BD Pharmingen) and RHAMM antibody (H-8) (Santa
Cruz Biotechnology). The expression of surface receptors CD44 was quantified by incubating the
cells with anti-CD44-PE (2 g for 5 x 10° cells in 100 pL of PBS) for 30 min at RT. In the case of
RHAMM, cells were first incubated with the RHAMM antibody (H-8) (2 pg for 5 x 10° cells in 100
pL of PBS) for 30 min at 4 °C. After washing, a second incubation was performed with donkey anti-
mouse Alexa Fluor® 488 (1 ug, ThermoFisher). Cells were washed with PBS, centrifuged for 5 min
at 300g, and suspended in acquisition buffer (1 % formalin in PBS) for flow cytometry analysis (BD

FACSCalibur).

2.5 Immunocytochemistry. Substrates with the cultured cells were washed with PBS, fixed with 10
% formalin (1 h at 4 °C), and cells were permeabilized with 0.2 % triton-X-100/PBS (15 min at RT).
Incubation with monoclonal CD44 antibody (dilution 1:400 in 1% BSA/PBS) or with anti-CD168
antibody (1:200 in 1% BSA/PBS) was performed overnight at 4 °C. After washing with PBS,
secondary antibody Alexa Fluor® 488 or Alexa Fluor® 647 (dilution 1:750) was added together with
DAPI (1 pg/mL) and phalioidin (50 ng/mL) for nucleus and actin counterstaining (1 h at RT).
Microscope slides were mounted with VectaShield mounting medium (Vector Laboratories), and
fluorescent tiled images were acquired edge-to-edge of the gradient on an inverted confocal
microscope (TCS SP8, Leica Microsystems). Image post-processing was performed by Imagel
1.53c. Tiled images were projected to the sum and sectioned in 10 positions along the gradient. To
quantify the mean grey value of CD44 and RHAMM, a region of interest (cell body, ROI) was first
selected using the phalloidin signal. The ROI was then used to measure the mean grey value of the

receptors signal. The number of adhesion cells was determined by nucleus counting.
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2.6 Scanning Electron Microscopy (SEM). Substrates with cultured cells were washed with PBS,
fixed with 2.5 % glutaraldehyde in PBS (1 h, 4 °C), incubated with a series of ethanol solutions with
increasing concentration (50 %, 70 %, 90 %, and 100 %) for dehydration, and dried overnight at RT.
The dried substrates were mounted on the SEM pins, sputter-coated with gold (1 nm) and analyzed

in a high-resolution field emission scanning electron microscope AIRIGA® (Zeiss).

2.7 Statistics. All reported data were obtained from three independent experiments (n=3) with
gradients duplicates. To facilitate the analysis and data presentation, the gradients were divided into
10 equisized areas defined as positions 1-10. At least 3 regions were analyzed per each area. Data
failed Levene’s test for equality of variances at p < 0.05. The non-parametric Kruskal-Wallis test was
used to determine statistical differences between the studied conditions (gold, HA, CD44 block, and
RHAMM block) with a 95% confidence level. Multi-comparisons were tested using Benjamini and
Hochberg p-adjusting method. Data processing, graphical representation, and statistical analysis were

performed using RStudio (Version 1.2.5042).

3. Results and Discussion

Molecular gradients are commonly observed in biological systems. As an example, cells create
gradients by secreting biomolecules that diffuse in the ECM. These gradients are temporally and
spatially controlied and determine the cellular identity and fate.[31] They are critical for different
physiological and pathological processes, including inflammation, wound healing, and cancer.[31]
HA is a main component of the ECM that supports the normal cellular function. [1] However, in
breast cancer, HA homeostasis is altered, resulting in accumulation of low molecular weight HA and
formation of local gradients that play an important role in cancer.[32, 33] Thus, studies of cellular
response to gradients of HA oligomers are of utmost interest for revealing mechanistic insights in

HA-associated carcinogenesis and identifying possible molecular targets. Previous studies have
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demonstrated that soluble low molecular weight HA has a chemoattractant effect (Dunn chamber
assay) and promotes the directional migration of MDA-MB-231 and MDA-MB-486 cells.[34]
However, either at the cell membrane or in the ECM, HA is partially immobilized by interactions
with hyaluronan synthases (HAS), and other ECM components. To better mimic this scenario,
hydrogel HA gradients have been developed to screen the cell behavior.[35-37] In this model, the
gradient in HA content is concomitant with alterations in hydrogel mechanical properties, and it is
not clear whether the cell response is triggered by HA-activated signaling pathways or
mechanosensing. Recently, we have developed continuous HA gradients by surface immobilization
of end-on thiolated HA (4.8 kDa) on gold gradients formed via diffusional deposition of colloidal

nanoparticles (Fig. 1A1-3).[38]
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Figure 1. Preparation of hyaluronan gradients. (A) Schematic presentation of different experimental steps
in the preparation of the gradients: (Al) amination of the substrates, (A2) electrostatic deposition of gold
nanoparticles (AuNP), (A3) functionalization of the gold nanoparticles with thiolated hyaluronan (HA), and
(A4) passivation of unfunctionalized surface with bovine serum albumin (BSA); (B) Representative scanning
electron microscopy images of substrate surface along the gradient showing different density of the deposited
gold nanoparticles, scale bar = 200 nm; (C) Representative fluorescence microscopy images showing the
gradients used in this study after staining with Wheat germ agglutinin (WGA) Alexa Fluor® 488 conjugate,
scale bar = 100 um for the gradient and 500 um for the magnified individual images at position 1 and 10. The

respective quantification of the fluorescent intensity along the gradient is provided in Fig. S2 (SI).
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This approach allows a relevant biofunctional presentation of HA since its main chain and functional
groups are preserved. Herein, we used the same procedure to prepare HA gradients but after the HA
deposition, the substrates were passivated with bovine serum albumin — a protein that does not bind
HA and prevents cell adhesion (Fig. 1A4).[39, 40] As a result, we obtained gradients that have only
one surface-exposed component for interaction with cells, i.e. HA whose bioactivity is preserved as

demonstrated by binding with fluorescent-labeled wheat germ agglutinin (Figs. 1C, S1).[41]

3.1 CD44 and RHAMM expression by breast cancer cell lines.

CD44 and RHAMM interactions play a critical role in invasive breast cancer cells.[42] We used two
breast cancer cell lines MDA-MB-231 (basal mesenchymal, triple-negative) and Sk-Br-3 (HER2-
OE) [43, 44] with different aggressiveness and expression of CD44 and RHAMM.[5, 38, 45] The
expression of these receptors was confirmed by immunocytochemistry (total expression) and flow
cytometry (expression at the cell surface). The immunostaining showed that the two cell lines have
similar expression of RHAMM but differ by the CD44 expression: MDA-MB-231 cells have a high
CDA44 expression, while Sk-Br-3 cells express less CD44 as shown by the faint staining (Fig. 2A).
Because the recognition of extracellular HA occurs in the pericellular space, the expression of
RHAMM and CD44 at the cell surface is consequential for cells/HA interactions. The results from
the flow cytometry (Fig. 2B, characterization was performed without cell permeabilization) showed
that the MDA-MB-231 cells are CD44 positive, while Sk-Br-3 cells are CD44 negative with only
10% of these cells exhibiting a basal CD44 expression at the cell surface. An opposite trend was
observed for RHAMM expression — 40% of the Sk-Br-3 cells were positive for cell-surface

RHAMM, while only 5% of the MDA-MB-231 cells were RHAMM positive but this population



express RHAMM at high levels. Therefore, the selected cell models have distinct phenotypes with

MDA-MB-231 being CD44++/RHAMM+ and Sk-Br-3 CD44-/RHAMM++.
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Figure 2. CD44 and RHAMM expression in MDA-MB-231 and Sk-Br-3 cells. (A) Confocal microscopy
images of immunostained cells displaying the total expression of CD44 (red) and RHAMM (white) by the

studied cells, scale bar = 50 um; (B) Characterization of non-permeabilized cells by flow cytometry showing

guantitative data for the CD44 and RHAMM expressed on the cells surface.

3.2 HA affects the adhesion of breast cancer cells

We observed a significant increase (p<0.005) of the cells adherent to the HA-functionalized
gradients when compared to the control substrates (unfunctionalized gold gradients, Fig. 3A). The
increase was bigger for Sk-Br-3 than for MDA-MB-231 (Fig. 3A). These results suggest HA-
induced adhesion, e.g. through interaction with hyaladherins expressed at the cell surface, such as

CD44 and RHAMM.[1, 46, 47]
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Figure 3. Adhesion of MDA-MB-231 and Sk-Br-3 cells to gold and HA gradients. (A) Number of
adherent cells on gold (control) and HA gradients. Data for individual cells are presented as small points and
big circles correspond to the mean values. Data sets for HA gradients are statistically significant from the
control gradients (p<0.005, n=3). (B) Representative scanning electron microscopy images of breast cancer
cells adherent to low- and high-density regions of HA gradients. White scale bar = 10 um, black scale bar =

2.5 um. The gradient density increases from position 1 to 10. Supplementary images are provided in Fig. S3

(Sl).

The morphology of the cells adherent to HA gradients was evaluated by scanning electron
microscopy (SEM, Figs. 3B and S3). On the passivated gold gradients, we observed spherical cells
with numerous transient filopodia pointing in all directions consistent with the substrate exploring
function of these protrusions. Cells on HA gradients were spread and with different morphology: Sk-
Br-3 cells were round-shaped, while a spindle-like ‘morphology was observed for MDA-MB-231
cells. These shapes were preserved along the HA gradient (Fig. S3) but we observed differences in
the formed protrusions. In Sk-Br-3 celis the transient filopodia disappear completely in favor of
lamellipodia, while MDA-MB-231 cells were polarized with parallel filopodia at the front edge
(Figs. 3B and S3), i.e. a morphology typical for migrating cells. Of note, more and longer filopodia
are visible for the MDA-MB-231 cells at higher HA density (Fig. S3). This result agrees with recent
data that correlates an increased secretion of HA to the pericellular space of breast cancer cells with

filopodial growth.[38, 48]

3.3 HA gradient modulates the expression of CD44 and RHAMM of breast cancer cells.

The bidirectional communication between cancer cells and their ECM results in a dynamic
remodeling of the local cell environment, which in turn favors cancer progression.[49] Herein, we
investigated the impact of the HA density on the behavior of breast cancer cells. The primary HA

receptors, CD44 and RHAMM, are expected to be responsive towards changes in HA content.



Indeed, we observed a significant (p<0.005) increase of the CD44 expression for MDA-MB-231

cells (CD44++) adherent on HA gradients when compared to the control. Additionally, the CD44

expression was dependent on the HA density: higher HA density promoted CD44 expression by the

MDA-MB-231 cells (Fig. 4A).

>

500
450
400
350
300
250
200
150
100

50

CD44 expression (a.u.)

Low

MDA-MB-231

Sk-Br-3

MDA-MB-231

g
.....?;

- N MW % 1 © ~ ® & O -
-

\ 1
o

e 150

500
450
400
350
300
: 250
® | 200

Sk-Br-3

® | 100{ * o
A
50{ ¢

Gradient Position

L (6]
o® P

Y

N O % 1w o©

¢ it %

®

~

ol
®

(=2

Condition

Gold
HA




Journal Pre-proof

Figure 4. Expression of CD44 in response to HA density. (A) Graphical representation of CD44 expression
by MDA-MB-231 and Sk-Br-3 cells seeded on gold and HA gradient (24 h of culture). Data for individual
cells are presented as small points and big circles show the mean values. Trends for HA gradients are
statistically significant from the control gradients (p<0.005, n=3). (B) Representative fluorescence microscopy
images of breast cancer cells seeded on gold and HA gradient. Color code: CD44 (green), actin is stained with
phalloidin (red), and the nuclei were counterstained with DAPI (blue), scale bar = 50 um. Gradient density
increases from position 1 to position 10.

Moreover, colocalization of CD44 and actin was observed (Fig. 4B) confirming the well-known
involvement of HA/CD44 signaling in the cytoskeleton remodeling. Interesting results were obtained
for the CD44 expression in Sk-Br-3 cells: we observed an increased CD44 expression along the gold
gradient, indicating that these cells are sensitive to changes in the nanotopography introduced by the
gold nanoparticles (Fig. 4A). The functionalization of the gold gradients with HA abolished this
response and similar averaged CD44 expression was determined along the HA gradient. This result
is indicative that the roughness introduced by the deposition of the gold nanoparticles is hidden after
functionalization with HA and does not influence the cell response. Of note, the used
method/platform allowed the distinction of Sk-Br-3 populations with different CD44 expression: one
population that has the same average expression of this protein along the whole gradient (Fig. 4A,
Sk-Br-3, filled blue circles) and a second population that is responsive to HA density (Fig. 4A, Sk-
Br-3, contoured blue circles) and has low CD44 expression at low HA density (positions 1-6 of the
HA gradient), which gradually increases upon augmentation of the HA density (positions 7-10). This
result shows that besides the low CD44 expression, Sk-Br-3 cells use CD44 signaling to respond to
HA density, although the activated pathway(s) might be different from the one(s) of MDA-MB-231
cells. The dispersal pattern of CD44 in the cytoplasm (Fig. 4B) supports such difference — in MDA-
MB-231, CD44 is mainly observed around the nucleus while in Sk-Br-3 its distribution is even

through all cytoplasm.



Journal Pre-proof

The effect of HA density was more pronounced for RHAMM expression (Fig. 5). When seeded on
gold gradients, a higher average expression of RHAMM was observed for MDA-MB-231 cells than
for Sk-Br-3 cells and no significant changes were determined along the gradient. Significantly higher

(p<0.005) RHAMM expression was measured for cells seeded on HA gradients (Fig. 5A).
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microscopy images of breast cancer cells interacting with gold and HA gradients. RHAMM is shown in green;
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actin and nucleus were counterstained with phalloidin (red) and DAPI (blue), respectively, scale bar = 50 um.

HA density increases from position 1 to position 10.

Moreover, this increase was in a function of HA density, i.e. MDA-MB-231 and Sk-Br-3 cells
adherent to gradient areas with higher HA density expressed more RHAMM. Despite different
expression of HA receptors at the surface, MDA-MB-231 and Sk-Br-3 cells have a similar response
to HA gradient. The expression of HA receptors by these cell lines changes upon interaction with
HA gradients and both become CD44+/RHAMM++ (Fig. 4 and Fig. 5). This result demonstrates the
importance of the tumor environment in potentiating pro-tumorigenic phenotypes. It agrees with
previous reports about possible mechanisms inducing such response that can be RHAMM-mediated
in the case of RHAMM++ cells (e.g. Sk-Br-3, mesenchymial progenitor cells)[5, 24] for which
RHAMM can either act as a major receptor for HA binding (this is the case of non-adherent and
newly attached cells) or function in synergism with CD44.[24] Our results showed major
overexpression of RHAMM rather than CD44 for both cell lines, suggesting that RHAMM is a
central receptor mediating the changes in HA content in the cell microenvironment. The central role
of RHAMM in mediating pericellular HA changes has already been reported for RHAMM+ cancer
subpopulations that were found to establish a migration front and promote peripheral and lymphatic

invasion and metastasis in aggressive breast and colorectal cancers[50, 51].

3.4 CD44 and RHAMM redundancy on HA recognition.

To confirm the CD44 and RHAMM involvement in HA recognition, we performed activity blocking
experiments (using neutralization antibodies) for MDA-MB-231 cells that have a more pronounced
response to HA density. CD44 blocking resulted in a significant decrease in the expression of this

receptor (p<0.005, Fig. 6A green) and upregulation of RHAMM (p<0.005, Fig. 6B green).
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Figure 6. Characterization of MDA-MB-231 cells treated with blocking activity antibodies. (A) CD44
and (B) RHAMM expression by MDA-MB-231 cells seeded on HA gradients (controls) and treated with a
blocking activity antibody against CD44 or RHAMM,; trend for control is significantly different from
RHAMM block (p<0.005, n=3). (C) Number of adherent cells on HA gradients before (controls) and after
treatment with blocking activity antibody against CD44 and RHAMM. (D) Cortactin expression by MDA-
MB-231 cells seeded on HA gradients and treated with an antibody against CD44 or RHAMM: trend for
control is significantly different (p<0.005, n=3) from RHAMM and CD44 block; representative fluorescent
microscopy images for cortactin expression are provided in Fig. S4 (SI). Small dots represent data for
individual cells and the big dots are the mean values. HA density increases from position 1 to position 10.

When RHAMM was blocked instead, we observed RHAMM downregulation (p<0.005, Fig. 6B
blue) and CD44 upregulation (p<0.005, Fig. 6A blue), which depends on the HA density. These

results clearly demonstrate the redundancy of CD44 and RHAMM previously reported by us (in
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vitro, [5]) and others (in vivo by knocking-out and knocking-down the CD44 gene [52-54]) and agree
with the previously proposed compensatory mechanism between CD44 and RHAMM. Furthermore,
we found a significantly higher number of adhered MDA-MB-231 cells after treatment with CD44
blocking antibody (p<0.005) but not for cells treated with RHAMM blocking antibody (Fig. 6C), i.e.
the higher number of adherent cells correlates with the increase of RHAMM expression, confirming

again that this receptor plays a fundamental role on HA binding.

We further investigated the impact of this compensatory mechanism on HA-induced protumorigenic
signaling by evaluating the cortactin expression - a downstream effector common to CD44 and
RHAMM mediated signaling.[55-61] Cortactin is a cytoskeletal protein involved in the formation of
invadopodia and cell migration.[62, 63] It is a well-known transcriptional target of HA signaling
transduced by interaction with CD44.[63, 64] We observed relatively high cortactin expression for
the MDA-MB-231 cells seeded on HA gradients (Fig. 6D red). This expression increases along the
gradient, indicating an HA-mediated response. The CD44 blocking did not significantly affect the
cortactin expression by MDA-MB-231 cells (Fig. 6D green vs. red). On the other hand, the RHAMM
blocking resulted in a significant increase of cortactin along the gradient (p<0.005, Fig. 6D blue vs.
red) and the tendency was very similar to the observed for CD44 expression upon RHAMM blocking
(Fig. 6A blue vs 6D blue). These results demonstrate that RHAMM and CD44 compensate each
other in cortactin downstream signaling: RHAMM blocking evokes CD44 overexpression (as shown
in Fig. 6A) and the overexpressed CD44 activates cortactin signaling cascade, i.e., the increased
expression of cortactin upon RHAMM blocking shows that cells still respond to the HA gradient by
the present receptor — CD44, and this is proof for molecular redundancy between RHAMM and

CD44.

Conclusions
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During the last years, significant efforts have been devoted to HA-CD44 targeting in the context of
cancer treatment. Such efforts include the use of anti-CD44 antibodies, inhibitory peptides, and
siRNA/shRNA methodologies and are limited to CD44 without providing data for RHAMM.[65-75]
Herein we have analyzed thousands of cells in a high-throughput manner and show a major role of
RHAMM in HA recognition, i.e. in tunning the cell sensitivity towards its microenvironment. Our
results demonstrate that cells with high surface expression of RHAMM are more sensitive to HA
density. Such RHAMM overexpression can be phenotypic (native) or acquired upon CD44 blocking
— conditions at which RHAMM is recruited to compensate CD44 in protumoregnic signaling. We
also demonstrate that upon increasing of HA, both CD44 and RHAMM are recruited and protrusions

are formed - these are essential steps in forming migration fronts.
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