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ABSTRACT: Cell spreading and migration play a pivotal role in many diseases
such as tumor metastasis. In particular, nasopharyngeal tumor cells have known of
their tendency of migration to pterygoid muscles and further distant metastasis.
Although existing studies revealed key characteristics of the nasopharyngeal tumor
cells, their migration preference is yet to be thoroughly understood, especially in
the physical aspects including the microtopographical factors. Researchers have
developed techniques in recent years to study microtopography-related cell
behaviors but they are not yet applied in investigating the nasopharyngeal tumor
cells. In this work, we elaborate the spreading and migration characteristics of
normal and cancerous nasopharyngeal cells on micrograting substrates mimicking
the microtopography of myotubes of the pterygoid muscles. We further apply
interference reﬂection microscopy (IRM) to visualize the cell−substrate adhesion
dynamics. We are interested in examining the microtopography-related cell
spreading and migration behaviors and their correlations, providing insights for deeper understanding and more promising
prediction on the nasopharyngeal tumor metastasis.
KEYWORDS: cell spreading, migration, microgratings, nasopharynx cancer, correlation
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metastasis and progression.11,12 The key steps in metastasis are
elucidated as the cancer cell will ﬁrst detach from the primary
tumor and undergo migration, invasion, and traveling through
the vein, then ﬁnally adhesion at the new site.13 In fact, these
cell fundamental behaviors can inﬂuence the rate of secondary
tumor colony establishment. Taking intravasation for example,
a small subpopulation of primary tumor cells tends to adhere
on endothelial cells, following by migrating through
endothelial cell layer such that they can eventually become
circulating tumor cells in blood vessels.14,15 Therefore, the
characteristics of cell attachment and migration can reﬂect
potential tumor metastasis ability and cell malignant-related
tendency.
To demonstrate the cell behavior studies on tissues with
diﬀerent micro/nanotopography in vitro, many attempts have
been reported in the past decades. Lewis et.al performed
skeletal muscle tissue culture in vitro back in 1910.16 Later in
1990s, the ﬁrst three-dimensional muscle construct was
performed in vitro by Strohman et al.17 More recently, freestanding constructs were microfabricated for skeletal muscle

INTRODUCTION
Nasopharyngeal carcinoma (NPC) is a prevalent endemic
disease in Southeast Asia with high rate of invasion and
distance metastasis.1 It has been reported that 4−10% of NPC
patients present synchronous metastasis (smNPC) at their
initial diagnosis.2 With advancement in medical imaging and
diagnosis techniques, substantial clinical data indicates that the
tumor cells invade into the space around the pharynx and
nearby muscles or even exhibit metastasis and spread to distant
sites (e.g., liver and lungs) in the metaphase (stage II∼III)
NPC patients.3−5 Moreover, the eighth edition of the “Tumor,
Nodes and Metastases”’ (TNM) staging system (2016) has
considered the tumor extension into the pterygoid muscles
(T2) as a basis for staging classiﬁcation.6 Although there are
biomarkers such as Epstein−Barr virus (EBV)-expressed
miRNA (i.e., BamHI-A rightward transcripts) and metastatic
tumor antigen 1 (MTA1) for indicating NPC pathogenesis and
metastasis, the underlying mechanism that prompting NPC
exhibit such invasive and metastatic behavior is still
undetermined.7 Further, many clinical evidence indicate that
NPC invasion and metastasis can cause pathologic change of
muscle tissues and even muscular necrosis.8−10 It is important
to investigate the cancer cells’ behaviors when attaching to a
new colony (i.e., pterygoid muscles) and proliferate to form
secondary tumors.
There are increasing studies reported cell behaviors such as
migration and adhesion are closely associated with cancer
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tissue engineering by Lam et al.18 Striated myotubes are key in
skeletal muscles by driving the muscular movements. Notably,
since the striated muscles are highly ordered and anisotropic
tissues with interstitial structures, many studies have
demonstrated micropatterned substrates such as grating/
groove-alike microstructures can also be utilized to perform
cell behaviors studies in vitro.18−23 For example, parallel
microgratings have been used to mimic the microstructure of
the primary myotube layer.24 In particular, it has been
discovered that NPC cells can migrate to pterygoid muscles,6
which was histologic conﬁrmed as striated muscles.25 Further,
cancer cachexia can cause myotube atrophy.26 In fact, the
myotube formation in pterygoid muscles is a concerned factor
in clinical investigations.27,28 Therefore, in vitro analysis of cell
behaviors on the micrograting topography can reveal the key
attachment, spread, and migration of nasopharyngeal carcinoma cells on both the nearby and distant tissues. Recently, our
group has reported preliminary characteristics of a nasopharyngeal cancerous cell line NPC43 on their stabilized cell
spreading areas on micrograting structures,29 yet other
microtopography-mediated cell behaviors closely related to
the metastatic tendency, for example, migration and spreading
responsiveness, should be further investigated for our better
understanding of the nasopharyngeal cancer metastasis in
pterygoid muscle tissue.
In this work, we quantify the cell spreading and migration
characteristics of NPC43 and another reference nasopharyngeal epithelial cell line NP460 growing on microgratings
with diﬀerent dimensions.30 We apply the interference
reﬂection microscopy (IRM) to visualize the transient cell
attachment sites on the fabricated the grating microstructures.
The ﬁndings can provide important insights on the expected
behaviors of NPCs on tissue surfaces with diﬀerent microtopography.

Eplife medium (Thermo Fisher Scientiﬁc, Waltham, MA) and
complete Deﬁned Keratinocyte-SFM (serum-free medium) (Thermo
Fisher Scientiﬁc, Waltham, MA) with a 1:1 mixture ratio, added with
100 units/mL penicillin and 100 μg/mL streptomycin. NPC43 cells
were maintained in Roswell Park Memorial Institute medium (RPMI1640, American Type Culture Collection, Manassas, VA) containing
10% fetal bovine serum, 4 μM Y27632 dihydrochloride (Alexis,
Lausen, Switzerland), 100 units/mL penicillin and 100 μg/mL
streptomycin. All cells were maintained in an incubator at 37 °C with
100% humidity and 5% CO2 and the medium was changed every 2
days. When cell population reached 80% conﬂuence, 0.25% trypsinEDTA in phosphate buﬀered saline was used to resuspend cells,
followed by subculture.
Fluorescence Staining. Cells were stained with CellTracker
Green (CMFDA, Thermo Fisher Scientiﬁc, MA). The working dye
solution was prepared by dissolving in Anhydrous dimethyl sulfoxide
(DMSO) and diluted to a ﬁnal working concentration of 10 μM in the
serum-free medium. We ﬁrst applied 0.25% trypsin-EDTA in
phosphate-buﬀered saline (PBS; Sigma-Aldrich, St. Louis, MO) to
resuspend cells. We then applied the working dye solution in a
volumetric ratio of 1:1000 and incubate for 30 min. Hoechst 33342
(Thermo Fisher Scientiﬁc) with a concentration of 0.1 μg/mL in PBS
was applied for 15 min to stain DNA of nuclei. The cells were later
centrifuged and rinsed in PBS for three times to remove the staining
solution.
Scanning Electron Microscopy. The microfabricated substrates
were mounted on stubs and sputtered with gold palladium using a
versatile sputter coater (Quorum Q150TS, QUORUM Technologies,
East Sussex, UK), followed by imaging under an environmental
scanning electron microscope (FE-ESEM Quanta 450, Thermo Fisher
Scientiﬁc, MA).
Image Capture. Interference reﬂection microscopy (IRM) was
applied to observe the cell spreading and migration processes. The
IRM was set up based on a laser scanning confocal microscopy (TCSSP8, Leica Microsystems, Wetzlar, Germany). The Nikon Eclipse TiE microscope (Nikon, Tokyo, Japan) equipped with Chamlide TC
incubator system perfused with 5% CO2 at 37 °C was applied to
capture the cell migration process. Microscopic images was captured
every 3 s in the ﬁrst hour for cell spreading and afterward every 5 min
from 5 to 20 h for tracking the cell migration.
Image Processing and Data Analysis. Open source image
processing software (ImageJ, National Institutes of Health) was
adopted to process the microscopic image stacks. The cell spreading
areas can be directly measured by ImageJ during while migration
trajectory was manually measured by a tracking plugin installed in
ImageJ. Cell spreading dynamics and migration trajectories were
plotted with graphing and analysis software (Origin 2018, OriginLab
Corporation). Pearson’s correlation analysis was performed in
numerical computing software (Matlab 2020a, MathWorks Corporation).
Statistics. P-values were calculated using the Student’s t test in
Excel (Microsoft, Seattle, WA), with p < 0.05 considered as
statistically signiﬁcant. Chi-Square tests were performed using
GraphPad Prism 8 (GraphPad, San Diego, CA). All error bars
presented in the ﬁgures without additionally mentioned are the
standard errors.

■

MATERIALS AND METHODS

Fabrication of Micro-Grating Substrates. The micrograting
substrates were fabricated by replica molding of silicone (see
Supporting Information (SI) Figure S1), whereas the molds made
of silicon were fabricated by photolithography and deep reactive ion
etch (DRIE, STS Deep Silicon Etcher, Surface Technology Systems,
Newport, UK). Positive photoresist (AZ5214, AZ Electronic
Materials, Branchburg, NJ) was ﬁrst spin-coated on a silicon wafer
and patterned by photolithography. The patterned silicon wafer was
then processed by DRIE to generate micrograting structures with a
depth of 15 μm. After removing the photoresist, the silicon wafer was
silanized with vaporized (tridecaﬂuoro-1,1,2,2,-tetrahydrooctyl)-1trichlorosilane (cat# 4488931, Sigma-Aldrich, St. Louis, MO) in a
vacuum chamber. The polydimethylsiloxane polymer (PDMS,
Sylgard-184, Dow Corning, Midland, MI) mixed with a 10% w/w
curing agent was then spin-coated onto the fabricated silicon mold,
followed by baking for 6 h at 80 °C. After peeling oﬀ the PDMS layer
with grating structures from the silicon mold, such PDMS layer was
bonded onto a confocal dish (SPL Life Science, Korea) using air
plasma (PDC-002, Harrick Plasma, Ithaca, NY). We placed the
confocal dish on a hot plate at 80 °C for 3 min to ensure the thorough
cross-linkage of PDMS. After the substrate was attached to a confocal
dish, the substrate was then exposed to air plasma to enhance the
surface energy. The micrograting structure was then coated with
ﬁbronectin (FN, Sigma-Aldrich, St. Louis, MO) by applying 50 μg/
mL FN in the confocal dish for >1 h, followed by replacing the
solution with PBS.
Cell Culture. Immortalized nasopharyngeal epithelial cell line
NP460 and EBV-positive (EBV+ve) nasopharyngeal cancerous cell
line NPC43 were obtained from research team of Prof. S. W. Tsao,
University of Hong Kong. The NP460 cells were cultured in complete
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RESULTS AND DISCUSSION
Micrograting Substrates. Microstructures with diﬀerent
topographic features (including geometrical features) are wellknown to regulate cell behaviors.31 The geometrical features of
microstructures can trigger cell−substrate interactions, subsequently aﬀecting speciﬁc cellular behaviors depending on the
cell type, pattern size, geometry and other factors of the
substrates.32 In this work, we have designed three surface
proﬁles, including two micrograting structures (as shown in
Figure 1a) and one ﬂat surface on each microfabricated
substrate. These substrates were fabricated using replica
3225
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images were then captured every 3 s for 1 h; and the
representative images are provided in Figure 2. It should be

Figure 1. (a) SEM images of microtopography with diﬀerent grating
structures. (b) Grating structures with numbering markers aside.
Inset: an enlarged edge region. (c) Side-view of the micrograting
structures. Inset: deﬁnition of depth, ridge, and trench.

molding of polydimethylsiloxane (PDMS) as described in
Materials and Methods. Further, the microgratings are labeled
by the numbering markers located aside as shown in Figure 1b,
in order to track individual cells at diﬀerent time points for
their spreading and migration behaviors. The outer surfaces are
deﬁned as “ridges” whereas the inner surfaces are deﬁned as
“trenches” as illustrated in Figure 1c. We adopt two designs:
one with a 5 μm ridge width and a 20 μm trench width, and
the other one with the ridge and trench widths both 18 μm.
We have chosen 18 and 5 μm as the ridge width to match the
diameters of normal myotubes and recessive myotubes,
respectively.33,34 It is expected that most of the individual
NP460/NPC43 cells lie on one “ridge-edge” for the “18 μm”
region and two “ridge-edges” for the “5 μm” region, as reported
in our previous studies.29,35 Notably, in this study, we only
select the cells in contact with one edge of the 18 μm-ridges
and those in contact with both edges of the 5 μm-ridges in all
the data analysis; and therefore we named those cells as
“monoedge” and “biedge” attachment cases.
Cell Spreading. Apparently, cell spreading occurs before
migration.36 As discussed previously, we conﬁgured interference reﬂection microscopy (IRM) using a laser confocal
microscope (SI Figure S2a) to observe temporal spatial cell−
substrate attachment dynamics. To ensure the better laser
penetration ability over the sample, an incident laser with
wavelength of 638 nm was selected to achieve higher laser
penetration capability via cells and substrates, and hence better
imaging quality. We adopted a 63× oil immersion objective for
achieving a resolution of 120 nm/pixel for the microscopic
images. We used two photomultiplier tubes (PMTs), with one
for capturing the interference reﬂection light and visualizing
the interface contact area and the other one for capturing the
transmission light for the relative locations and diameters of
cells.
Before seeding the cells, we rinsed a confocal dish precoated
with ﬁbronectin with 100% ethanol, 50% ethanol, and then
phosphate-buﬀered saline (PBS) for sterilization. We then
seeded NP460/NPC43 on the microfabricated substrate at a
density of ∼3 × 103 cells/cm2. IRM images and transmission

Figure 2. Representative cell spreading snapshots of NP460 cells for
the biedge, monoedge and edge-free contact modes at 5 and 60 min,
observed through interference reﬂection channels (IRC) and the
corresponding transmission channels (TC) of the IRM (scale bar: 10
μm).

mentioned that IRM can only reveal the cell attachment over a
horizontal focal plan,37 partial spreading areas of the cells on
the microgratings (either the ridge or trench region) can be
observed. Hence, we estimated the cell boundaries and the
spreading areas. The area ratios of cells on ridges or trenches
were ﬁrst observed from the transmission channel, denoted as
A1 and A2, respectively. We then captured the cell-ridge
attachment areas on the grating ridges using IRM as A4,
followed by predicting the trench-overlapping areas A3 = A1/A2
× A4 and the total cell spreading areas Asum = A3 + A4.38−40
The spreading areas of NP460 and NPC43 for the biedge,
monoedge and edge-free modes over the ﬁrst hour of
attachment are provided in Figure 3a. As summarized in
Figure 3b, the average equilibrium contact areas of NP460 cells
for the biedge, monoedge and edge-free modes are 133.54 ±
SE 3.17 μm2, 125.68 ± SE 1.92 μm2, 181.44 ± SE 8.29 μm2,
respectively. The average equilibrium contact areas of NPC43
for the biedge, monoedge and edge-free modes are 112.15 ±
SE 2.58 μm2, 117.77 ± SE 3.94 μm2, 171.24 ± SE 3.69 μm2,
respectively. On the other hand, we have quantiﬁed the cell
diameters by taking microscopic pictures of cells in suspension
with the values of 13.84 ± SE 0.21 μm for NP460 cells (N =
40) and 14.18 ± SE 0.25 μm for NPC43 cells (N = 40), with
no signiﬁcant diﬀerence (p = 0.18) on the cell diameters
between two cell lines. Therefore, NP460 cells exhibited
slightly higher equilibrium contact area than NPC43 for all the
biedge, monoedge and edge-free modes.
We applied the widely adopted hyperbolic tangent
function41−43 to ﬁt with the measured cell spreading area
3226
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microscope, as shown in SI Figure S2b. We monitored the cell
migration by taking time-lapsed microscopic images for every 5
min during the observation period from 5 to 20 h after cell
seeding. Only the period between 5−20 h after cell seeding
and while the cells were still with the desired contact modes
with the ridge-edges was analyzed in order to reﬂect better the
stabilized cell migration behaviors for the corresponding edgecontact modes. The edge-free case had ∼15 h of the contact
period for both cells. The biedge contact periods of NP460 cell
and NPC43 cells are 7.21 ± SE 0.78 h and 4.16 ± SE 0.66 h,
respectively, whereas the monoedge contact periods of NP460
cell and NPC43 cells are 12.39 ± SE 0.83 h and 11.57 ± SE
1.09 h, respectively. The “biedge” NPC43 cells exhibited the
shortest contact period among all the concerned cases.
In addition, we quantiﬁed the cell migration properties as
the migration distance and directionality. The migration
distance was calculated by summing up the migration distances
for all time-steps, that is, all the lengths of hidden lines as
illustrated in Figure 4c, throughout the observation period.
The directionality was considered as the orientation between
the start and end positions of the migration trajectory, as
indicated as φ in Figure 4c. The migration trajectories for
NP460 and NPC43 cells on diﬀerent substrates are
summarized in Figure 4a. These results indicate that NPC43
cells migrated faster than NP460 cells in general. Recalling that
the spreading areas of NPC43 cells are generally slightly
smaller than those of NP460 cells (Figure 3b), such diﬀerence
in migration speed was not caused by the physical scaling.
NP460 cells have a relatively lower migration speed (Figure
4b) for the monoedge case than that for the biedge case. It
appears that there may be statistical correspondence with the
cell spreading area and speed as discussed previously in Figure
3b,c. Furthermore, the migration directionality of NP460 and
NPC43 cells for diﬀerent contact cases are provided in Figure
4d. Our results reﬂect that both cell types could be well-guided
to migrate along the edge/ridge direction (φ ∼ 0° or 180°) for
the monoedge case, agreeing with observations from others’
works,45 whereas the cells with the biedge contact had a
dominant migration direction of ∼90° The edge-free contact
case obviously did not exhibit any directional preference as the
direction was set arbitrarily. To distinguish whether the cell
migration directionality of NP460 and NPC43 cells on
diﬀerent contact modes has a directional preference, we
performed the Chi-Square test by comparing the experimental
results (Figure 4d) with a “random” distribution, whose
possibility is 0.1667 for each of the six angular groups. The
results indicated signiﬁcant diﬀerences and hence directional
preference for monoedge and biedge cases (p ≪ 0.01) and no
statistical signiﬁcance for edge-free NP460 (χ2 = 25.05, p =
0.7225) and NPC43 (χ2 = 28.79, p = 0.5284) cells. It can also
been observed that the preferred directions for the monoedge
and biedge cases were around φ = 0°/180° and φ = 90°,
respectively, with respect to the micrograting orientation.
Though the average directions for both monoedge and biedge
cases are around 90°, such preferred direction can be revealed
by the value of deviation as shown in Figure 4e. The deviation
of NP460 cell directionality for the monoedge case (64.26° ±
SE 3.44°) is signiﬁcantly higher than that for the biedge case
(33.09° ± SE 4.13°). Likewise, NPC43 cells show a higher
deviation of directionality for the monoedge case (69.01° ± SE
4.01°) than that of the biedge case (32.46° ± SE 4.26°).
Overall, these results indicate that the cells exhibit the
preference of migration along the grating orientation for the

Figure 3. (a) Transient cell spreading areas of NP460 and NPC43
cells with monoedge, biedge and edge-free contacts (N = 40 for each
case). Gray lines indicate individual cells and red lines are ﬁtting lines
of the average spreading area over time. (b) Calculated cell
equilibrium spreading area and (c) average spreading speeds for
diﬀerent edge-contact modes. N = 40 for all cases. * indicates p <
0.05.

A(t) over time t as A(t) = Aeq·tanh(t/τ), where Aeq and τ are
constants as indicated in Figure 3a. Apparently, we may deﬁne
dA/dt at t = 0 as the initial spreading speed of the attachment
area, which can be easily obtained with the ﬁtted parameters as
Aeq/τ. The average spreading speeds are 6.02 ± SE 0.22 μm2/
min, 4.07 ± SE 0.09 μm2/min, and 9.99 ± SE 0.69 μm2/min
for NP460 cells spreading for the biedge, monoedge and edgefree modes, respectively. The average spreading speeds are 3.43
± SE 0.08 μm2/min, 6.06 ± SE 0.27 μm2/min and 6.96 ± SE
0.14 μm2/min for NPC43 cells spreading for the biedge,
monoedge and edge-free modes, respectively.
Cell Migration. Characterizing the single cell migration
behaviors could reveal the malignant tendency of the cancer
cells.44 The cells were observed under an incubator-equipped
3227
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Figure 4. (a) Cell migration trajectories on edge-contact modes. Note that the orientation of the edge-free cells is arbitrary as there is no
micrograting. (b) Cell migration speeds for diﬀerent edge-contact modes. N = 40 for all cases. * indicates p < 0.05. (c) Calculation of cell migration
length and the deﬁnition of the migration directionality as the angle φ. (d) Statistics of the directionality of NP460 and NPC43 cells. (e) Deviations
of directionality of the NP460 and NPC43 cells. * indicates p < 0.05.

monoedge case, whereas perpendicular to the grating
orientation for the biedge case.
It is worth noting that such migration behaviors and cell
morphology during migration process can be aﬀected by the
grating size. Our previous work has performed cell migration
study by using 2/2 μm wide ridge/trench with 1 μm depth
microgratings to guide NPC43 and NP460 cells migration.46
The reported results indicate that cells are adherent on grating
substrate by crossing several ridges and trenches and both
NPC43 and NP460 cells exhibited the preference of elongation
morphology along the grating orientation, whereas ﬁlopodia
can be observed only on NPC43 cells. As shown in SI Figure
S6, cell morphology varies under diﬀerent edge contact modes.
Besides, the calculated cell migration speeds for NPC43 and
NP460 cells on the microgratings with 2 μm ridge, trench, and
1 μm depth are signiﬁcant slower than those on the monoedge,
biedge, and edge-free substrates as used in this work.
Together, these results suggest that cell contact conditions
can aﬀect the cell migration behaviors. Considering the
monoedge case, the cells majorly migrate along the microstructure direction, implicating that the cells may prefer
maintaining the contact condition. On the other hand, cells in
the biedge contact tend to migrate perpendicularly to the
micropattern orientation, possibly reﬂecting that the biedge
contact is not a favorable contact condition for the cells. As the

cell contact modes can aﬀect both the cell spreading and
migration properties, there may be correspondence between
these cell properties as well. Furthermore, cell migration is a
complex process that includes multiple essential intracellular
cytoskeletal dynamics, such as actin ﬁlaments (F-actin)
polymerization and depolymerization, focal adhesion (FA)
formation, and disassembly.47 Moreover, proteins related to
FA (e.g., focal adhesion kinase (FAK), paxillin, vinculin) link
the integrin receptors with the actin cytoskeleton and also
regulate actin polymerization and contractility. Consequently,
mediate the adhesion formation and regulate cell migration.48
Previous studies also reported that mean size of FA was highly
predictive of cell migration speed.49 The more detailed
investigation on the cytoskeletal dynamics in the future should
provide very important information and insights explaining the
observed cell migration behaviors and their correlations with
the cell initial spreading.
Correlations between Spreading and Migration. We
have examined the correlations between cell spreading and
migration properties for diﬀerent cell contact case. Cell
migration is known to correlate to the cell attachment area
in various microenvironments.49−51 Here, we consider two
spreading parameters (i.e., stabilized spreading area and
spreading speed) and one migration parameter (i.e., migration
speed). We obtained the corresponding Pearson’s correlation
3228
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Figure 5. Correlations of cell migration speed versus the cell spreading area and speed.

Duchenne muscular dystrophy, which has a high incidence rate
in male newborns,54,55 causes muscle weakening and muscular
malformations through the formation of thinner myotubes
with a diameter of ∼5 μm.34

coeﬃcient (r) as it is widely used to represent correlations
between cell properties;52 and the results are shown in Figure
5. It appears that monoedge and biedge cells generally have
larger r-values than the edge-free cells, implying that the cells
attaching on the microgratings can reveal diﬀerent spreadingmigration correlations. There is likely a negative correlation
between the cell spreading area and the migration speed,
agreeing with a previous study.53 The cells associated with
faster cell spreading tend to express the lower migration speed.
Collectively, this research demonstrates that the microgratings can be applied to discover speciﬁc cell spreading and
migration behaviors. The results on the nasopharyngeal cells
could have the capability to determine their migration
direction upon the microtopographic environment. The 18
μm-ridge microgratings appear to more favorable than the 5
μm-ridge ones to the cells. In particular, the nasopharyngeal
cancer cells can migrate signiﬁcantly faster than the
nasopharyngeal cells on the 18 μm-ridge substrates. In view
of the fact that the myotubes have an average diameter of
around 18 μm,33 our results can explain, to a certain extent, the
colonization of nasopharyngeal cancer cells and the subsequent
secondary tumor formation on pterygoid muscles. Additionally, the micrograting structures can be further applied for
mimicking the muscular microtubes under diﬀerent conditions.
For example, a progressive muscle atrophy disease called

■

CONCLUSION
We report the spreading and migration behaviors of noncancerous (NP460) and cancerous (NPC43) human nasopharyngeal cells on microfabricated gratings based on the
contact modes with the grating edges, that is, monoedge,
biedge, and edge-free contacts. We successfully utilized IRM to
quantify the cell spreading dynamics during the ﬁrst hour after
cell seeding. The cells were then monitored under a
microscopy for their migration trajectories and the corresponding migration speed and directionality. Results indicate that the
cell migration speed does not depend to the cell spreading
properties (area and spreading speed) without contact with the
grating edges, reﬂected by the very weak correlations (|r| <
0.14). Yet, the micrograting edges can help reveal the
correlations (−0.71 < r < −0.34) between the migration
speed and the spreading area and speed for cells in contact
with the edges. Speciﬁcally, the 18 μm-ridge microgratings can
guide the migration direction of the selected cells. This may
explain, to a certain extent, the preferred nasopharyngeal
cancer spreading to the nearby pterygoid muscles, in which the
3229
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myotubes have an average diameter of ∼18 μm. The cell
spreading and migration study on microgratings can be further
applied to investigate muscular tissue engineering, and more
general cell research.
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