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ABSTRACT

Chemotaxis, a biased migration of cells under a chemical gradient, plays a significant role in
diverse biological phenomena including cancer metastasis. Stromal cells release signaling
proteins to induce chemotaxis, which further causes organ-specific metastasis. Epidermal
growth factor (EGF) is an example of the chemical attractants, and its gradient stimulates
metastasis of breast cancer cells. Hence, the interactions between EGF and breast cancer cells
have long been a subject of interest for oncologists and clinicians. However, most current
approaches do not systematically separate the effects of gradient and absolute concentration
of EGF on chemotaxis of breast cancer cells. In this work, we develop a theoretical model
based on signal-to-noise ratio to represent stochastic properties and report our microfluidic
experiments to verify the analytical predictions from the model. The results demonstrate that
even under the same EGF concentration gradients, breast cancer cells can reveal distinct
chemotaxis patterns at different absolute concentrations. Moreover, we found that addition of
EGF receptor antibody can promote chemotaxis at a low EGF level. This apparently
counterintuitive finding suggests that EGF receptor-targeted therapy may stimulate metastasis
of breast cancer at a particular condition, which should be considered in anticancer drug

design.
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INTRODUCTION

Cells have biased directionality in response to external chemical attractants (1).
Known as chemotaxis, it is related to diverse physiological and pathological phenomena (2-5),
such as wound healing (2) and cancer metastasis (5). In case of cancer metastasis, organ-
specific stromal cells release signaling proteins that induce chemotaxis and attract cancer
cells, causing organ-specific metastasis (5, 6). For example, epidermal growth factor (EGF)
promotes invasion of breast cancer cells (6), and fractalkine stimulates metastasis of lung
cancer (1). Notwithstanding the clinical significance, the detailed process of chemotactic

response related to metastasis has yet to be clarified.

Previous studies on eukaryotic chemotaxis model provide a guide to understanding
chemotaxis of cancer cells since cancer cells belong to a group of eukaryotic cells.
Eukaryotic cells employ an asymmetrical cellular distribution of substrate-bound receptors to
recognize a chemical gradient (7). The establishment of the asymmetric distribution involves
random errors that originate from thermal fluctuations of local ligand concentrations (8).
These errors exist in both binding reactions (8-11) and signal transduction reactions (12, 13).
However, most of the previous studies considered the extraneous noise negligible (13-17).
We speculated that the external noise from thermal fluctuations can be significant, especially
when chemical concentrations are low (18), and adopted a signal-to-noise ratio (SNR) as a
physical index to investigate the signal-noise relationship (8, 13-17, 19-21). While there have
been efforts to understand chemotaxis using SNR, many of the previous studies investigated
chemotaxis of an amoeba, Dictyostelium discoideum (13-15, 20, 21), as a simple eukaryotic
model organism with directional movement. Since amoebae exhibit different characteristics
from mammalian cells (1, 22), the transferability of the results to mammalian cells may be

limited. Also, there have been efforts to model chemotaxis of leukocytes (8) and axons (16,
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17) where SNR was used with Bayesian theory (16, 17), and a relation between SNR and the
probability for chemotaxis was analyzed (8). However, to our knowledge, theoretical

modeling with SNR approach in cancer cell chemotaxis has not yet been reported.

Experimentally, chemotaxis assays have been used to investigate chemotaxis of
mammalian cells such as leukocytes (8-11, 23-25), endothelial cells (4), fibroblasts (26), and
axons (16, 17, 27). The conventional platforms, including Zigmond chamber (23), Dunn
chamber (24), and filter assay (28), have contributed to the development of chemotaxis
models. However, they lack the ability to track cancer cell migration in a 3D environment
with the precise maintenance of gradients and reconstruction of the microenvironment.
Development of microfluidic system enables modeling of 3D tumor microenvironment with a
linear gradient of ligand concentration and facilitation of real-time imaging (25, 29, 30). This
setup is especially beneficial in investigating chemotaxis of tumor cells since the tumor
microenvironment dramatically influences the cellular response to external stimuli (6) and the
mass transfer of growth factors (31, 32). Some previous studies utilize the advantageous
microfluidic platform for studying cancer cell chemotaxis (33-35), and we take a step further
by combining SNR-based theoretical modeling with and microfluidic-based experimental
analysis of cancer cell chemotaxis.

This study is primarily focused on chemotaxis of a human metastatic breast cancer
cell, MDA-MB-231, under chemotactic EGF gradient. Using SNR, we have derived an
analytical expression to depict cancer cell chemotaxis and validated the theoretical results by
establishing a microfluidic system for tracking cancer cell chemotactic migration. This
combined theoretical and experimental cancer cell chemotaxis model attempts to fill the gap
of the previously unexplored area of SNR-based mammalian cell chemotaxis models. The
results demonstrate that the absolute value of concentration governs chemotaxis under the

same linear gradient and that the reduction in the number of EGF receptor (EGFR) under
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some conditions may promote chemotaxis at a low level of EGF.

MATERIALS AND METHODS

Cell culture. MDA-MB-231 cells (Korean Cell Line Bank) were cultured in Dulbecco’s
modified Eagle medium (Lonza) supplemented with 10% fetal bovine serum (Gibco) and 1%
antibiotic/antimycotic solution (Gibco), and kept in a CO; incubator at 37°C and 5% CO..
Media were supplemented with human recombinant EGF (Sigma) at two different
concentrations (150 ng/ml and 1 ng/ml) to induce linear EGF gradient for chemotaxis. EGFR
antibody (Millipore) was added at two different concentrations (1 ng/ml and 10 pg/ml) to
reduce the effective number of free receptors without genetic manipulation. The EGFR

antibody was added to the medium channels before the experiment and incubated for 4 hours.

Microfluidic system. A microfluidic device with two medium channels and one gel channel
was fabricated with soft lithography using PDMS (Dow Corning). Plasma treatment bonded
the PDMS layer to a slide glass, and the device was placed in a drying oven to recover
hydrophobicity. Fabrication details were described previously (36). The basal thrombin
solution, obtained by dissolving 20 pl thrombin (100 U/ml) in 500 pl cell culture medium,
was used to suspend cancer cells at 150,000 cells/ml to generate cancer cell containing
thrombin solution. Then, 10 pl fibrinogen solution (5 mg/ml) was mixed with 10 pl cancer
cell containing thrombin solution, and the resulting fibrin gel is injected into the gel channel
of the device. The devices were incubated in a humid chamber for 15 min in the incubator for
gelation. Once hydrogel is formed, EGF free growth medium was introduced in two medium
channels, and the devices were incubated for 1 day. When refreshing the media, EGF

supplemented medium was introduced in one medium channel, and EGF free growth medium
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was in the other channel. In order to establish EGF gradient, a syringe pump was connected
to the microfluidic system. The syringe pump extracted the medium in both medium channels
through an outlet port at 100 ul/hr, and the solutions in the reservoirs replenished the
chemicals continuously and maintained the chemical gradient across the device (Figs. 2A and

S2).

Cell tracking and Statistical Analysis. Cancer cells were fluorescently stained with cell
tracker at 5 uM for 45 min (Molecular Probes). Cells were photographed for 3 hours every 30
minutes using Observer Z1 (Zeiss) microscope, and images were preprocessed using
AxioVision (Zeiss). The trajectory of cancer cells was tracked with the program of Piccinini
et al. using MATLAB 9.2.0 (MathWorks) (37).

To quantify the extent of chemotaxis, we calculated chemotaxis index (Cl), defined
by a ratio of a net displacement toward chemical gradients to the total migration distance.

_ (anetdisplacement along chemical gradient)

(total migration distance)
Also, to compare the magnitude of bias in cell orientations, from azimuth angles of cell
orientations, we extracted a parameter k by fitting a von Mises distribution to the angle data
(38). The von Mises probability density function for the angle 0 is a form of

£(6]v, 1) = eXp(‘;::Ei)_ V)

where lg(+) is the modified Bessel function of order 0, v is the mean of the distribution, and «
is an indicator of the data bias. The distribution of data is close to a uniform distribution as
is close to zero.

Measurements are obtained from five to twelve independent devices for chemotaxis
of linear gradient and chemotaxis with addition of EGFR antibody experiment, respectively.

We performed the Kolmogorov-Smirnov test for normality, and did the two-tailed Wilcoxon
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rank sum test and independent t-test for group comparison. All statistical tests were executed

with MATLAB 9.2.0.

Simulation details. The chemotaxis simulation assumes a three-dimensional system of a cell
using a sphere with a radius of 7.5 um. The spherical cell consists of 720 segments divided by
20 latitudes and 36 longitudes, and each segment has the number of receptors proportional to
the area of each segment. The total number of receptors across a cell is 800,000 molecules.
Each cell has a direction vector, along which it moves by 0.4 um at each simulation step
(corresponding to 1 minute) for 180 steps (corresponding to 3 hours). The initial position of a
cell is determined by uniform distribution in the region I or region Il (Fig. 1B). The number
of iterations for the chemotaxis simulation is 5,000 iterations in each region.

A direction vector is updated at the beginning of each step, based on the numbers of
EGF-bound receptors of all segments. The number of EGF-bound receptors is randomly
drawn from a normal distribution of mean and variance as derived in Egs. (S11) and (S12) for
each segment (Supporting Material). Since the addition of EGF to MDA-MB-231 forms an
average of 24 filopodia (39), the cell selects 24 segments with the largest number of EGF-
bound receptors. The direction vector is determined by the direction of a uniformly selected

segment among the 24 segments.

RESULTS

Ligand concentration value governs chemotaxis under the same gradient

While chemotaxis occurs under a chemical gradient, the sole effect of local
concentration on chemotaxis (separated from the gradient effect) is not always apparent. We

simulated a chemotactic system (Fig. 1A) where cells freely move in a 1300 um-wide channel
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under a linear concentration gradient of EGF (0 to 150 ng/ml). A cell determines its moving
direction by calculating the distribution of EGF-bound receptors on its surface, and a local
number of EGFs is allowed to fluctuate with a Gaussian noise (a detailed model description is
given in the Supporting Material). To see the effect of initial positions (and consequent local
EGF concentrations) of cancer cells, we virtually divided the space into two regions: region |
with EGF concentration 0 to 75 ng/ml, and region 11 with 75 to 150 ng/ml (colored in green
and blue, respectively, in Fig. 1B). While the local concentration of EGF varies in the two
regions, the concentration gradient of the two regions remained the same. The simulated
angle distribution of net cell migration implies that the cells at lower concentrations showed
more biased movement than their counterparts at higher concentrations. (Fig. 1C). This result
can be quantitatively verified by comparing the von Mises distribution parameter k, which
compares cellular orientation angles; the values of k are 2.1882 and 0.3884 for region | and
region I, respectively. We also investigated the chemotaxis index (CI) values, which
represent a ratio of a net displacement toward chemical gradients to the total migration
distance. As depicted in Fig. 1C, region I shows the CI of 0.166 + 0.003, while CI for region
Il is 0.020 + 0.001. Taken together, these results illustrate that chemotaxis of cells is less
significant in a higher local EGF concentration, even under the same gradient, at least in the

framework of the simulation.

MDA-MB-231 exhibits distinct chemotaxis at low EGF concentration

In order to validate the simulation results, we conducted chemotaxis experiments in
the microfluidic system (Fig. 2A). The concentration of EGF is 0 ng/ml at one media channel
and 150 ng/ml at the other channel, and the concentrations are maintained by a syringe pump

that generates a linear gradient of EGF across the device, which further allows us to calculate
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local EGF concentrations from horizontal positions. To see the effect of initial positions (and
consequent local EGF concentrations) of cancer cells, we virtually divided the space into two
regions as before; region I and Il contained 50 cells, 51 cells, respectively. (Fig. 2B). The
cellular positions had been recorded for 3 hours, and a chemotaxis pattern is similarly
quantified by the azimuthal angle distributions of the cell migration directions and the CI
values (Figs. 2C and 2D). As expected, the motion of cells in region Il (higher local
concentration) is closer to random motion whereas that in region | is more directed. (x =
0.9013 for region | and 0.0443 for region Il). We also observed the dramatic difference in Cls
between two spatial groups of cells (0.163 £ 0.052 for region | and 0.002 £ 0.059 for region
I1). The two measures together indicate that local EGF concentration difference leads to a
difference in chemotaxis behavior even under the same gradient, as predicted by the
simulations. It is worth noting that the cell migration speed did not show a noticeable
difference (0.405 + 0.027 um/min vs. 0.449 + 0.026 pm/min, Fig. S3), which implies that the
different chemical concentrations do not have a significant effect on the speed of cells, but

only on directionality.

SNR is a key parameter in the pattern of chemotaxis

Now the question of why the local concentration affects chemotaxis remains. In
order to address the question, we developed a theoretical framework that incorporates
concentration fluctuations in a biochemical reaction of receptors and ligands. The fluctuations
can attenuate the signal generated from a biochemical process. We introduce a SNR-based
chemotaxis model, where a cell decides its moving direction based on a conditional
probability that it finds a correct direction given the concentration gradient between the two

ends of the cell, with the additive white Gaussian noise model. As derived in Supporting
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Material, the conditional probability is given by

1 /SNR SNR
Paeno = terf (g +2) +ert (T -2)

1)

where erf(+) is an error function, A is a normalized threshold of decision making, and SNR

is the signal-to-noise ratio, which is calculated as follows (see Supporting Material):

2N (2rAC + w; — ;) (Kp + Co — CR%) 2

SNR =

RTOT2Kp (@ (Co - NC CRe) + )72

RTOT(C, — NC CRO)K + -
NAD3/2(Kp + Cy — CRO)Z

where w, and w, are respectively related to the numbers of bound receptors at posterior
and anterior areas of a cell under the chemical gradient, according to the following

expressions:

NRTOT 2 NeRTOT(C, — rAC
wlz\/<KD+ C +C0_FAC> _2 C f\IAO )

N RTOT 2 NcRTOT(C, + rAC)
(l)z: KD+ +C0+FAC _2
2N, N,

Here, Cy is the reference concentration of ligand, o is the binding rate, B is the dissociation
rate, RTOT is the total number of receptors, Ky is the dissociation constant, r is the half-
length of a cell, AC is the gradient of ligand, N, is Avogadro’s constant, N is the cell
density, and D is the ligand diffusivity. We assume that the conditional probability serves a
role of the chemotaxis propensity, and propose it to be an effective determinant of a

chemotaxis pattern.
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In previous works, chemotaxis has been modeled in terms of the difference in bound
receptor numbers across a cell, which captures asymmetry of local concentrations around the
given cell (33, 35). For a given number of bound receptors R°, the difference of R° at
anterior and posterior areas of the cell, denoted as AR?, is given by the following formula

(see Supporting Material for derivation):

N
AR® = 2—1\;2 2rAC + w; — w,) )

AR® and P..mo, are both monotonically decreasing functions of local concentrations (Fig.
3, dark blue); this implies that while the concentration gradient is kept same, both degrees of
chemotaxis decreases as the absolute concentration of the ligand increases, consistent with
the simulation and experiment results reported in the previous sections. However, the two
models predict different chemotaxis behaviors when EGFR concentrations are lowered,
which can be experimentally realized by adding EGFR blocking antibodies to the system. We
model the situation by introducing a scaling parameter n to the number of receptors, R'°'=
Ro'®"/n, where subscript 0 indicates the reference values (Table 1 in the Supporting Material).
Assuming the total number of EGFR becomes 20% of the original condition after antibody
addition (n = 5), the two degrees of chemotaxis show different behaviors when compared to
the unperturbed systems AR® (Fig. 3, magenta). The SNR-based P.j.m, model predicts

that antibody-treated cells become more sensitive than the control group at a low level of

EGF (Fig. 3B), while the traditional AR°® model does not show this nontrivial pattern (Fig.

d(SNR)

3A). The intersecting point occurs at ;
n

= 0, which can be translated into ~0.672
n=1

ng/ml with the experimental values of this work (Supporting Material).
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EGFR antibody can promote chemotaxis at a low level of EGF

As the two theoretical models predict different behaviors, we conducted another set
of microfluidic experiments now with blocking antibodies to confirm which prediction is
correct. We treated the cancer cells with two different concentrations (1 ng/ml and 10 pg/ml)
of anti-EGFR antibodies and placed the cells under the EGF concentration gradient of a
comparatively low slope (0 to 1 ng/ml). We also tested untreated cells for control, and other
experimental settings remained the same. The chemotaxis behaviors are quantified as before
in terms of the angle distribution of net cell migration and the CI. As shown in Fig. 4, the
control group shows a pattern more similar to random motion, but the cells treated with 1
ng/ml antibody move with a significantly stronger bias in response to the chemical gradient.
The CI for each group are -0.003 + 0.041 (control, without antibody), 0.121 = 0.037
(antibody of 1 ng/ml), and -0.008 + 0.054 (antibody of 10 ug/ml), and the « values are 0.0156
for the control group and 0.3965 for the group treated with 1 ng/ml blocking antibody. This
finding is particularly interesting since it is apparently contradictory to the conventional
notion that the reduction of EGFR always desensitizes cellular chemotaxis (34). On the other
hand, the addition of high-dosage anti-EGFR antibody (10 pg/ml) reduced chemotaxis. The
excessive reduction of EGFR may have mitigated the depletion of ligands, which presumably
led to a decline in the magnitude of SNR. This experimental result suggests that the
quantitative propensity of chemotaxis is a better description of how cells react to chemicals in

a fluctuating environment than a traditional index of the number difference.

DISCUSSION
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In this work, we combine theoretical and experimental approaches to show that local
concentrations of the ligand affect chemotaxis behaviors, even when cancer cells are under
the same linear concentration gradients. Moreover, we have demonstrated that reducing the
number of full-length EGFR can raise the inclination of chemotaxis at low levels of EGF.
These findings can be interpreted by our theoretical model for chemotaxis in terms of ligand
perturbation and ligand depletion, and we attempt to address the importance of the two
phenomena in certain conditions which leads to increase in chemotaxis. Finally, the results
stress the need for quantitative analysis of chemotaxis when determining the dosage for

anticancer therapy.

To test the robustness of our chemotaxis model to parameter perturbations, we
conducted sensitivity analysis, where the concentration of EGF is fixed at 0.5 ng/ml, and the
other reference parameters remain the same (Table 1 in the Supporting Material). We changed
a (binding rate), B (dissociation rate), and D (diffusion coefficient) independently, by their
relative magnitudes (to their reference values) from 1/2 to 2. Then we monitored P.,emo
from the model to see to what extent each parameter affects the output. For a range of EGF
concentrations (0 to 5 ng/ml), the response of P.,.mo 1S plotted in Fig. S7 and the behaviors
are consistent with the previous analysis. As shown in Fig. 5A, the chemotaxis propensity
value remained in a reasonable realm in spite of the change of parameters by two folds
change in both increasing and decreasing direction, indicating the robustness of our model.
Among different parameters, the effects of the dissociation rate and the diffusion coefficient

on P.emo are more significant than the effect of the binding rate.

Furthermore, we noted that P.,..m, May increase upon reduction of EGFR (Fig. 5B)
until the critical point as shown in Fig. 5B with the red square, where the value of P.,emo

upon reduction of EGFR is equal to the value of P, at the reference condition. Further
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reduction beyond the critical point may result in the gradual decrease in sensing ability, as
depicted by low P.;.mo- The partial reduction in the number of EGFR may have sensitized
the cells in response to perturbing concentration, leading to increase in P.j.m,- In low ligand
concentration, as ligands bind to receptors, ligand concentration changes significantly and the
value for the fraction of occupied receptors over total receptors also shifts, following the rules
of chemical kinetics. The change in local ligand concentration causes change in fluctuations
of concentrations, which affects 2., Shankaran et al. showed similar phenomenon for
desensitization of G protein-coupled receptor (GPCR), based on a theoretical model.
Desensitization of GPCR improves the information processing ability in response to ligand
perturbations due to a reduced time delay in activation of receptor-ligand complexes (40), but
the same desensitization also reduces GPCR signaling (41). pB-arrestin, a GPCR binding factor,
plays a similar role of an EGFR antibody in our model, and such approach of including

activation step of a receptor-ligand complex could be further applied to improving our model.

We further note that in previous SNR-based chemotaxis studies, SNR profiles were
reported as the bell shape (13, 16, 17), whereas our model predicts a unique monotonic
behavior of P.,.mo, (Fig. 3B). The difference in profile is due to the differences in the
chemical gradient in which chemotactic behaviors have taken place. Our result is obtained by
employing a linear chemical gradient while the previous works used nonlinear chemical
gradients where a chemical gradient is proportional to the chemical concentration. When our
theoretical model is also applied to a nonlinear gradient, the profile of SNR results in the
form of lagged bell shape curve along the local concentration, similar to previous results (Fig.
S5). With the linear gradient, the effects of local concentration and steepness can be analyzed
separately, thereby enabling the study of chemotaxis with different local concentration under

the same linear gradient, as we have shown in Figs. 1 and 2. The linear gradient may also be
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pathologically significant since a chemical gradient by paracrine signaling between an

immune cell and a cancer cell can be linear (42).

The cell type used in the experiment, MDA-MB-231, is a human metastatic breast
cancer cell characterized by triple negative breast cancer (TNBC), which has insufficient
biomarkers to be used for diagnosis and treatment (43-45). EGFR target therapy is an
alternative strategy for TNBC to overcome the clinical challenges (45, 46). However,
previous in vivo studies have shown that the EGF concentration is not very high in many
parts of the body (47-49). Our finding that chemotaxis of breast cancer cells may be increased
with reduced number of EGFR at a low EGF concentration hence implies the need for careful
determination of the dosage for EGF target therapy to prevent possible unintentional

aggravation.

CONCLUSIONS

We modeled chemotaxis of breast cancer cells under EGF gradient by performing the
theoretical analysis of SNR and conducting experiments at low EGF concentrations using a
microfluidic system. As a result, we observed an interesting phenomenon that reducing the
number of EGFR with the addition of anti-EGFR antibody can better direct cancer cell
migration. The demonstration that external noise may change the chemotaxis pattern at low

ligand concentration could provide clinically valuable insight into cancer therapy.
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FIGURE 1. Chemotaxis simulations under equal chemical gradients and different
concentrations. (A) Cancer cells are simulated to move towards the direction determined by
the largest number of EGF bound receptors. (B) Cells are placed in 1300 um wide channel
with linear concentration gradient for the simulation. An imaginary border divides the
channel according to positions of cells (region | in green, region Il in blue). (C) Both the
angle histograms and (D) chemotaxis index values of the cells placed in the region I and
region Il demonstrate that the tendency of chemotaxis decreases as the local EGF
concentration increases while the EGF gradient remains the same. Mean + SEM (n = 5000 for

each region). *** p<0.001.
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FIGURE 2. Chemotaxis of MDA-MB-231 in the microfluidic device. (A) A microfluidic
device with center gel channel and two media channels allows formation and maintenance of
an EGF chemical gradient in the center. Fluorescently-labeled breast cancer cells are placed
in the center gel region and tracked for their migration behavior. The inverted right triangle
represents the EGF gradient. (B) Top view of a microfluidic device and imaginary division of

center gel channel for the cells according to their positions (region I in green, region Il in blue)
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are shown. (C) Angle histograms and (D) CI values of the cells in the region | and region Il
show a more biased migration behavior for cancer cells in region I. Mean £ SEM (n = 50 for

Region | and 51 for Region I1). * p<0.05.

FIGURE 3. EGF concentration dependencies on two theoretical models of chemotaxis. (A)
The difference of the number of bound receptors on anterior and posterior ends of a single
cell, denoted by AR°, decreases as EGF concentration rises. Reducing the number of full-
length EGFR through the addition of anti-EGFR antibody further reduces AR® compared to
the control case. (B) The calculated propensity of chemotaxis, P.nemo. €Xhibits similar
decreasing behavior to AR° with increasing EGF concentration, but in particular case with
low EGF concentration, P.,.m, increased when the number of EGFR is reduced. The
parameters used for theoretical models are listed in the Table S1. The dark blue curves

correspond to the control group (n = 1), and magenta curves represent EGFR antibody treated

group (n=75).


https://doi.org/10.1101/292300
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/292300; this version posted March 30, 2018. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC 4.0 International license.

FIGURE 4. Effects of EGFR antibody on chemotaxis. (A) Comparison of CI and (B) angle
histogram plots for the azimuth angle show that the control group represents a pattern more
similar to random motion, but the cells treated with 1 ng/ml anti-EGFR antibody move with a
significantly stronger bias in response to the chemical gradient. However, the addition of
high-dosage antibody (10 pg/ml) reduces chemotaxis. Mean + SEM (n = 123 for control, 151

for low-dosage, and 87 for high-dosage). * p<0.05.
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FIGURE 5. Sensitivity analysis of the chemotaxis. (A) The values of P.,..m, depend on
relative variations of the parameters where a is the binding rate; 3 is the dissociation rate; D
is the diffusion coefficient; subscript O indicates the reference values. The effects of the
dissociation rate and the diffusion coefficient on P.,.m, are more significant than the effect
of binding rate. (B) The variations of 2., depending on the total number of receptors
show that P.,.m, may increase upon reduction of EGFR. The green line corresponds to
P.nemo, and the red square represents the critical point where the value of P.;em, UPON

reduction of EGFR is equal to the value of 2., atthe reference condition.
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