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KEY POINTS

1. A system include optical tweezers and rate-jump model was employed
to measure the elastic modulus of leukemia cell quantitatively.

2. The elastic modulus of K562 cells had a three-fold increase after treated
by phorbol 12-myristate 13-acetate (PMA).

3. The K562 cells’ migration capability decrease with increasing elastic

modulus



ABSTRACT

Leukemia is a commonly seen disease caused by the abnormal
differentiation of hematopoietic stem cells and blasting in bone marrow.
Even though some drugs have been applied to treat the diseas clinically,
the influence of these drugs on leukemia cells’ biomechanical properties,
which are closely related to complications like leukostasis or infiltration,
is still unclear. Due to the non-adherent and viscoelastic nature of leukemia
cells, accurate measurement of their elastic modulus is still a challenging
issue. In this study, we adopted the rate-jump method together with optical
tweezers indentation to accurately measure the elastic modulus of leukemia
cells K562 after phorbol 12-myristate 13-acetate (PMA), all-trans retinoic
acid (ATRA), Cytoxan (CTX), and Dexamethasone (DEX) treatment,
respectively. We found that compared to the control sample, K562 cells
treated by PMA showed nearly a threefold increase in elastic modulus,
while samples treated with other drugs revealed no apparent changes. The
transwell experiment results suggested that the K562 cells treated with
PMA have the lowest migration capability. Besides, it was shown that the
cytoskeleton protein gene o-tubulin and vimentin have a significant
increase in expression after PMA treatment by qPCR. The results indicate
that PMA has a significant influence on protein expression, stiffness, and
migration ability of the leukemia cell K562, and may also play an important

role in the leukostasis in Leukemia.
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INTRODUCTION

Leukemia is a group of cancers in which white blood cells proliferate up to
plentiful immature differentiated cells and aggregate in the bone marrow
and blood vessel. Leukemia cells are not directly life-threatening, while a
vast amount of leukemia cells due to abnormal proliferation will induce
various complications that may lead to the death of patients, for instance,
the leukostasis and infiltration'. Leukostasis is a series of symptoms caused
by slow blood stasis, vascular occlusion, and organ ischemia due to the
stacking of leukemia cells in the blood vessel. Previous studies suggest that
the leukostasis is tightly related to the deformability and migration ability
of leukemia cells®. The infiltration is the results of the invasion of leukemia
cells from the blood vessel to organs, which may lead to irreversible
damage of organ. For both leukostasis and infiltration, the capability for
cell migration and invasion plays a critical role.

The cells’ mechanical properties closely relate to their migration and
invasion, in which the cells need to change their shape significantly®. In
this sense, cell mechanics is essential in understanding the pathology and
clinical symptoms. The invasive breast cancers have lower elastic modulus
than the noninvasive breast cancer cells and normal breast cells*. Ovarian
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cancer cells have higher metastatic potential because their higher
deformability leads to a significant increase in their ability to proliferate
and migrate®. Even in several types of cancer, the deformability is a
biomarker for assessing the risk of metastasis®’.

Nowadays, several kinds of drugs treated leukemia clinically are widely
used, e.g., phorbol 12-myristate 13-acetate (PMA), all-trans retinoic acid
(ATRA), Cytoxan (CTX), and Dexamethasone (DEX). PMA and ATRA
induce the differentiation of leukemia cell by modifying the formation and
distribution of the cytoskeleton®, whereas CTX and DEX can lead to
apoptosis of the leukemia cells through chemical toxicity’. After PMA
treatment, leukemia cells differentiate to megakaryocytic accompany by
changes in cell morphology, adhesive properties, cell growth arrest, and
polyploidization'®. Side effects of these drugs include leukostasis and
relapse, which are tightly related to the physical properties of cells!!. These
drugs will modify the cytoskeleton of the leukemia cells in the treatment
process and then affect the mechanical properties and behavior of cells.
However, the mechanism for these changes is still ambiguous.

The biophysical properties of leukemia cells have been effectively
exploited previously through different platforms and methods. Several
methods, such as atomic force microscopy (AFM)'?, micropipette
aspiration technique (MAT)!®, magnetic twisting cytometry (MTC)",
particle tracking rheology (PTR)! and optical tweezers (OT)!¢, have been
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previously employed to measure the mechanical properties of leukemia
cells. By atomic force microscopy (AFM), Islam et al. have found that
Young's modulus of K562 and Jurkat cells will be increased from 0.42 =+
0.38 and 0.29 + 0.21 kPa to 1.51 = 1.29 and 1.10 £ 1.08 kPa after treated
with daunorubicin (2 uM)!’. Lam et al. also have found that the stiffness
of both the myeloid and lymphoid leukemia cells would increase after
chemotherapy by AFM measured'®. The chronic lymphocytic leukemia
cells from the patients needed a relatively long time to transit in the
microfluidic device and exhibited higher stiffness than the lymphocytic cell
from the nature people'®. Zhou et al. have found that the stiffness of K562
and HL60 is significantly higher than the normal macrophage, monocyte,
and granulocyte through the platform of optical tweezers?®. However, the
reported value for the stiffness of the leukemia cells usually had a large
scatter, and such scatter might primarily due to the viscous effects of the
cell structures and variations in the cell geometry, both of which are factors
that can significantly affect the elastic modulus measurement.

The rate-jump model, based on the response during a sudden jump in the
loading or straining rate, provides a reliable method to eliminate the
viscoelastic effects on the elastic modulus calculation for viscoelastic
materials in various test platforms®®?!. In our previous work, we have
combined the optical tweezers and the rate-jump model to measure the

elastic modulus of cells?’. In this study, we have explored the elastic
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modulus of human leukemia cell line K562 treated with PMA, ATRA, CTX,
and DEX, respectively. Based on the force-displacement curves obtained
by the OT experiments, the elastic modulus of the cells was calculated
using the rate-jump model to measure the quantitative elastic modulus of
leukemia cells. We have further explored the relationship between drug and
biophysics, drug and cell structure, drug, and cell migration. We expected
that the present work can lead to a better understanding of the structure-
properties relationship of leukemia cells and might be able to reveal the
possible connections between the risk of the leukostasis and the cell

mechanics after drug treatment.

MATERIALS AND METHODS

Cell culture and treatment with chemotherapeutic agents

Chronic myeloid leukemia cell line K562 (ATCC®CRL-3343, U. S.
A.)was used and cultured in Roswell Park Memorial Institute (RPMI,
Hyclone, U. S. A.) 1640 supplemented with 10% fetal bovine serum (FBS,
Hyclone, U. S. A.), 100 U/mL penicillin and 100 pg/mL streptomycin
(Beyotime, China) at 37°C in 5% CO,. To minimize the influence of cell
phase before the mechanical tests, cells were incubated in RPMI without
FBS for 24h at 37°C to synchronize cells in the GO phase. To rejuvenate
the cells, after synchronizing to the GO phase, FBS was added to the
medium again, and cultured for 6h under the same conditions to prepare
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for the drug treatment. K562 cells were treated with different clinical drugs,
including two differentiation therapy drugs: phorbol 12-myristate 13-
acetate (PMA) (10 pg/L) and all-trans retinoic acid (ATRA) (1 uM), and
two chemotherapy drugs, Cytoxan (CTX) (0.1 uM) and Dexamethasone
(DEX) (1 uM). All the drugs were purchased from Sigma-Aldrich and were
applied to the prepared cell groups 24h before optical tweezers testing. The
control group was firstly synchronized to the GO phase and then cultured
in complete culture medium for 30h.

Indentation measurement

All the indentation measurements were performed on an optical tweezers
system (JPK NanoTrackerll, Bruker, U. S. A.). In this study, the laser
power was controlled to be between 1W and 2W in order to avoid possible
damage to cells. Polystyrene microbeads supplied by Polyscience
Company with a diameter of 3.0 um were used as “indenters”. Firstly, the
bottom of the petri dish was coated with a layer of Cell-Tak reagents
(Corning, U. S. A.) (11.8 uL Cell-Tak, 5.9 uL. 1 M NaOH and 336.3 uL 0.1
M NaHCO;) to attach the cells. Subsequently, 1x10° cells were
transplanted to the FluoroDish (World Precision Instruments Inc. China)
and stood for 2 min so that the cells could sufficiently stick to the bottom
of the petri dish. Finally, the moderate culture medium (RPMI) and
microbead diluent were added to the petri dish.

Before the indentation measurement, the relationship between the applied
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laser power, the trap stiffness and sensitivity were calibrated followed by
the standard calibration procedure as suggested in the equipment manual.
The constants, including the trap stiffness k£ and sensitivity S, was fitted and
calculated by the control program of the optical tweezers based on the
recorded thermal motion of the trapped microbead.

The typical indentation measurement was carried out as follows: first, the
microscope's focal plane was adjusted to observe the most explicit cell
edge. Then, the laser focus was carefully adjusted to ensure that the laser
trap and the microbead are in the same focal plane. By moving the sample
stage, the cell to be indented was moved towards the trapped bead until it
reached the contact. The purpose of moving the stage instead of the bead
1s to minimize measurement errors since it is rather difficult to accurately
determine the position of bead while it is being moved at high speed;
moreover, the viscous drag force applied on the microbeads during the
moving might also influence measurement. The initial contact between the
bead and the cell is identified by the sudden change of laser signal D
recorded. After solid contact is reached, the movement of stage Z and its
corresponding laser signal change AD is continuously recorded. Here, the
force applied between the bead and the cell is equal to the laser trapped
force applied on the bead, which is given by:

P=AD-S k (1
and the actual indentation displacement of the bead into the cells /4 is
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h=Z—-AD-S )
The recorded Z and D will be transferred to force and depth data the same
as those in traditional indentation test according to Eq. (1) and (2).

All the optical tweezers indentation test following identical protocol, i.e.,
indent into the cell surface at constant load rate 1 um/s until the Z value
reaches 1 um, hold at peak load for 10s and then unload at 1 um/s for 10s
to ensure sufficient data points be collected for further analysis.
Calculation of Young’s modulus of leukemia cells

The cells are highly viscoelastic. To accurately determine the elastic
modulus of cells, rate-jump method that can eliminate the viscoelastic
effects during the analysis was adopted for the elastic modulus
measurement. According to the rate-jump method, the elastic contact
stiffness S. for an indentation test is

Se = 2aB, == 3)
Here, AP and Ah are the nets of loading rate and indentation
displacement rate just before and after the unloading point, respectively.
The a is the contact radius of the bead-cell contact. In this particular case,
in which the spherical bead is used, a = \/R_hu , and Eq. (3) can be

converted to



Pu=Ph

b = (R @

The elastic modulus of cells can be calculated from the following equation

after the reduced modulus £, is obtained:

1 1-v? 1-v?
o= (T)sample + (T)indenter (5)

Ey

where the Poisson ratio v for the cell in this work is chosen to be 0.5.
Moreover, the indenter (microbead) is made of polystyrene, and its elastic
modulus is 3-3.6 GPa, which is much larger than that of the cells.
(1 —v?)/E for the indenter is so small that it can be reasonably neglected.
Cell structure observation

To observe the cytoskeleton of leukemia cells after drug treatment, laser
scanning confocal microscope (LSCM, Leica, German) was applied to
visualize the cytoskeleton protein and nucleus. After 24h drugs treatment,
the leukemia cells adhered to a creep plate by Cell-Tak and fixed with 4%
formaldehyde (Beyitime, China) for 30 min. After rinsing twice with PBS,
the cells were permeabilized with 0.5% Triton X-100 in PBS for 10 min,
then stained with FITC-conjugated phalloidin (1:200) (Beyitime, China)
for 20 min to visualize filaments of B-actin. Cell nuclei were stained by
incubating the samples with 1 pg/ml 40, 60-diamidino-2-phenylindole
(DAPI, Beyitime, China) in PBS for the 30s, then washed three times with

PBS to remove the residual dye. The images were acquired using an LSCM
10



and processed by Image J.

Real-Time PCR analysis

Total RNA was isolated from four drug treatment groups: 0.1 uM CTX, 1
uM DEX, 10 ug/L PMA, and 1 uM ATRA and one untreated control group,
by using RNAiso Plus (TaKaRa). Then the total RNA was used to
synthesize cDNA by using the cDNA Synthesis Kit (Beyotime, China).
Real-Time PCR was performed with an SYBR Green Real-time PCR
Master Mix kit (TaKaRa, Japan). The reaction volume of the qRT-PCR
reactions was 20 pL, containing forward and reverse primers (0.4 pM), 2
uL template DNA, 10 uL SYBR® Green Real-time PCR Master Mix and
6.4 uL ddH,0. Real-Time PCR was performed on an Applied Biosystems,
StepOnePlus Instrument (U. S. A.), and the cycling programs were as
follows: 95°C for 5 min pre-degeneration, followed by 40 cycles of
amplification at 95°C for 15 min and 60°C for 60 sec, then 95°C for 15 sec.
The gene expression level was normalized by B-actin, and AACT was
calculated by referring to the control group. All the primers were designed
online by PrimerBank (https:/jpga.mgh.harvard.edu/primerbank/). oa-tubulin
forward primer sequence: TCGATATTGAGCGTCCAACCT; reverse
primer sequence: CAAAGGCACGTTTGGCATACA. Vimentin forward
primer sequence: TGCCGTTGAAGCTGCTAACTA; reverse primer
sequence: CCAGAGGGAGTGAATCCAGATTA. Lamin A/C forward

primer sequence: AATGATCGCTTGGCGGTCTAC; reverse primer
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sequence: CACCTCTTCAGACTCGGTGAT. p-actin forward primer
sequence: TGACGTGGACATCCGCAAAG; reverse primer sequence:
CTGGAAGGTGGACAGCGAGG.

Transwell migration assay

Cell migration ability was measured using a transwell chamber (8 um pore
size, Corning, U. S. A.) with Matrigel (Corning, U. S. A.). Transwell
chambers were placed into 24-well plates and coated with 30 uLL. Matrigel,
then incubated at 37°C for 3h. The drug treatment groups and the control
group were synchronized for 3h aimed to sensitive to serum. The cells were
seeded at a density of 1x10° cells/well in the 200 pL serum-free RPMI and
0.1% BSA for equilibrium osmotic pressure in the upper inserted chambers.
Meanwhile, 600 uL of 10% FBS-RPMI was added to the lower chambers.
After 24h, cells that migrated to the lower compartments of the Boyden
chamber were counted under a light microscope with a blood counting
chamber.

Statistical analysis

All data were analyzed by the Standard t-test and were expressed as the
mean + standard error of the mean. Data were analyzed using GraphPad
Prism 5 software for Windows and differences were considered statistically

significant when p-value less than 0.05.

RESULTS
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Young’s modulus of K562 is increased three-fold after PMA treatment
The cytoskeleton protein, e.g., F-actin and microtubules, which has a
significant influence on the mechanical properties of cells, had a different
expression and contribution on the mechanical properties in the different
cell cycle??. With the purpose to identify the possible influence of phase
difference on the cell mechanical properties, the cells were synchronized
to the GO phase. The optical tweezers indented randomly on selected K562
cells. From Figure 1.a, we can observe that the phase-controlled (30.47 +
6.61 Pa) had a lower and more stable Young’s modulus than the phase-
mixed (35.60 = 17.45 Pa). Since the results of the control experiment
suggested that the phase-controlled cells should have more consistent
mechanical properties, in the following tests, all the drug treatment
proceeded by phase control principle. The Young’s modulus of K562
treated with different drugs is shown in Fig. 1.b and Table 1. The results
indicate that Young’s modulus of the cells treated with PMA (99.95 Pa) is
a nearly three-fold increased compared to the control (30.47 Pa). As for the
other three treatments (DEX, ATRA, and CTX), Young's modulus is almost
the same as the control (Fig. 1.b, Table 1)

Vimentin is overexpressed in K562 after PMA treatment

The cell cytoskeleton and nucleus skeleton are the most critical
components which provide the mechanical properties for cells. To explore
the reason of the elastic modulus’s variation for leukemia cells, the
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structure of the membrane and nucleus were investigated by LSCM (Figure
2). It was found that the fluorescence intensity of the cytoskeleton has an
increase for PMA and ATRA treatment and a small decrease for CTX and
DEX treatment (Figure 2.f). However, the nucleus-cytoplasmic ratio has a
small increase for all of the drugs treatment (Figure 2.g).

To further illuminate the reason why the elastic modulus of leukemia cell
K562 increased after PMA treatment, we analyzed the mRNA levels of cell
cytoskeleton protein vimentin and a-tubulin and cell nucleus membrane
protein lamin A/C after drug treatments (Fig. 3). The expressions of
cytoskeleton protein vimentin and o-tubulin were the highest for PMA
treatment among all the drugs treatments and control sample (Fig. 3.a and
b). The other drugs treatments also had a different influence on the
expression of vimentin and a-tubulin with no significance different, except
a-tubulin 0.5-fold decrease after DEX treatment (Fig. 3.a and b).
Compared with the control group, all the four drugs treatments have a slight
increase in the expression of nucleus membrane protein lamin A/C (Fig.
3.0).

Migration ability of leukemia cells k562 is decreased after PMA
treatment

It was known that the deformability of leukemia cells was the reflex of
their elastic modulus, and related to their metastasis or leukostasis. In order

to validate the significance of elastic modulus on metastasis or leukostasis,
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the migration ability of K562 with PAM treated was characterized by a
transwell assay. Results are presented in Fig. 4. It was shown that there was
a reduction of migration ability of K562 in the transwell assay after 24h
treatment of PMA. It was suggested that PMA treatment might decrease
the leukemia cells migration, and even lead to leukostasis in some capillary

vessels through the increase of the elastic modulus of cells (Fig. 1.b).

DISCUSSION

The biomechanical properties of cells were tightly related to their
physiological/pathophysiological variation and metabolic states, especially
in some pathological states, e.g., cancer initiation or metastasis®***. Some
studies had shown that leukemia cells were stiffer than normal leukocyte!?.
When leukemia cells proliferated in the blast or treated by drugs, e.g., PMA
would lead to a severe symptom leukostasis®’. Pinkhas et al. found that
intravenous infusion of PMA triggered a severe degree of pulmonary
leukostasis in rabbits in vivo?®. In our study, the stiffness of k562 cells after
PMA treatment was almost threefold higher than that of the control. Some
researchers had found that the stiffer the leukemia cells, the higher the risk
of leukostasis was?. In this work, the migration ability of k562 cells also
decreased for PMA treatment compared to the control. It was found that
stiffer the cells are, the lower the deformability, and the slower the

migration was. This agreed with another hypothesis that the migration of
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leukemia cells were tightly linked with symptom leukostasis?’.

Fletcher et al. had explored AFM to measure the deformability of K562
cell through placing cells in micro-fabricated wells so that the cells could
be fixed to conduct indentation'. Sulchek et al. also employed the AFM to
measure Young’s modulus of leukemia cell K562 and used the Hertzian
model to calculate out the average modulus of K562 cells were 420 + 380
Pa'”. However, the stiffness obtained by them showed a large scattering
range, and the value was much larger than the result obtained in our study.
The reason was that the AFM has a nanoscale cantilever tip (about 10 nm),
which is comparable to the diameter of a single actin microfilament (6-8
nm)?. The AFM tip might indent individual microfilament or nano-scaled
holes surrounded by microfilament. As a result, the scattering range was
extensive, which was comparable with the average value. However, the
microbeads used in OT had a diameter (3 wm), which is in the same
magnitude of the size of the cells (from 8-20 um), so the elastic modulus
obtained by OT could represent the whole cytoskeletal mechanical
deformability rather than the local microfilament or hole. From Fig. 1 and
table 1, the scattering range of elastic modulus by OT (30.47 + 6.61 Pa)was
much smaller than the data obtained by AFM (420 + 380 Pa), and the value
was also smaller than the other measurements !9,

It is well known that living cells are viscoelastic. Therefore, the overall

force-displacement response obtained in the measurement represented the
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viscoelastic properties of cells, no matter whether the experimental
platform is an indentation, suction or traction®!. A viscoelastic material
governed by a constitutive law in which linear elastic springs were
connected to (in general) non-linear viscous dashpots were forming any
network arrangement, the response during a sudden jump in the loading or
strain rate is governed only by that of the elastic springs, while the dashpots
behave completely rigidly?*2!*2. Based on this theory, we only analyzed
the force-displacement response around the step unloading time as a jump,
then the modulus measured this way would be specific to the moment at
which the rate jump was imposed but would be independent of magnitude
of the rate jump at that time point, i.e., it would be an intrinsic material
property*?. The rate-jump model could eliminate the viscoelastic effect of
cells and precisely calculate the elastic modulus.

The Young’s modulus of K562 had almost a three-fold increase treated by
PMA compared with the untreated one, the other drugs DEX, ATRA, and
CTX had no significant influence on Young's modulus of cells. PMA was
able to make myeloid leukemia cells, such as K562, and HL60, to
differentiate into megakaryocytic or even induce apoptosis, which would
both modify the cytoskeleton to alter the deformability of the cells**. PMA
would rearrange the cytoskeleton to increase Young's modulus of the K562
cells. ATRA could arrest the cell cycle in C0/G1 phase and induce the cell
to differentiate into a granulocytic lineage®-°. The effects of differentiation
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into the granulocytic lineage, which was suspension phase as the K562,
was different from differentiation into the megakaryocytic lineage that
belongs to the adhesion phase. Therefore, K562 cells treated with ATRA
should not alter the cytoskeleton and also the deformability of the cells.
DEX was an anti-inflammatory drug widely used in acute lymphoblastic
leukemia to reduce the pathogenesis of leukostasis®’. DEX also could be
used as a chemosensitizer in combination with intensive chemotherapy to
treat the myeloid leukemia cells and reduce the risk of leukostasis®. In our
study, we found that the DEX did not change the cytoskeleton and Young's
modulus of the K562 cells. DEX might change the adhesion of cell-cell or
cell-substrate to achieve the reduce the risk of leukostasis. CTX often
combined with other drugs to treat leukemia cells through inhibiting
proliferation®’. Here, we found that Young's modulus of K562 cells treated
with CTX was not changed compared with the untreated ones. The CTX
would not change the cytoskeleton of the K562 cells in the dose of our
research.

Vimentin was a cytoskeleton protein and had been reported to be involved
in the migration of monocytes across the endothelium walls and was
associated with cell adhesion by regulating the expression and the
distribution of adhesion molecules****. Some researchers had found that
the leukemia cells show an increase in the adhesion ability and a decrease
in the migration ability through high expression vimentin after PMA
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treatment*. Here, we found that vimentin was not only associated with cell
adhesion but also tightly in related to cell deformability through the PMA
treatment.

The migration ability of the leukemia cells was an essential factor for the
organ infiltration, relapse, and leukostasis, which still correlated with poor
prognosis**. Migration was in accordance with the deformability and
adhesion ability of cells. Zhou et al. had found that the leukemia cells
showed a strong adhesion to the substrate and a weak migration which led
to the cells be stuck to the substrate with PMA treatment*. Andrew et al.
also found that chemotherapy-induced stiffening in leukemia cell leading
to an increase in transit times through in vitro microcirculation®. The
increase of leukostasis risk was due to the transit time increased in the
capillary vessel. In this work, the migration ability showed a significant

decrease under PMA treatment which led to a high risk of leukostasis.

CONCLUSION

In this work, the elastic modulus of leukemia cells for different drug
treatments was precisely measured through optical tweezers and calculated
by the rate-jump model. The elastic modulus of leukemia cells k562 was
threefold increased with PMA treatment. Also, the migration of leukemia
cells K562 was vigorously decreased under PMA treatment. From the
results of qPCR, the cytoskeleton vimentin protein was up-regulated
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expressed which tightly associated with the elastic modulus increase. From
this work, we can learn that the PMA would induce leukemia cells K562
to become stiffer and experience weaker migration through changing the
expression of the cytoskeleton protein vimentin, and maybe lead to a severe

side effect leukostasis in clinical.
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Figure 1. The Young’s modulus of k562 cells. (a) The Young’s modulus of
k562 cells in GO phase or randomly. Control: synchronized to the GO phase
of the k562 cells; Mix: phase randomly of the k562 cells. N > 20. (b) The
Young’s modulus of k562 cells after different drugs treatment. PMA:
phorbol 12-myristate 13-acetate, ATRA: all-trans retinoic acid, CTX:

Cytoxan, and DEX: Dexamethasone. N > 20.
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Figure 2 The fluorescence images of leukemia cell k562 under different
treatment and the data analysis.(a): Control; (b): ATRA; (¢): CTX; (d):
DEX; (e): PMA; (f): the fluorescence intensity mean value of phalloidine;

(g): the nucleo-cytoplasmic ratio. *p<0.05.
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Figure 3 The gene expression of leukemia cell k562 under different drugs
treatments. (a) The gene expression of a-tubulin after PMA, ATRA, CTX
and PMA treatment and control. (b) The gene expression of vimentin after
PMA, ATRA, CTX and PMA treatment and control. (¢) The gene
expression of lamin A/C after PMA, ATRA, CTX and PMA treatment and

control. ****p<0.0001.
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Figure 4. Relative migration ability of k562 cells after drugs treatment.

*##p<().01, ***%p<0.0001.
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Table 1 Average and standard deviation value of the elastic modulus of

k562 cells (*n>20)

E average (Pa) STD (Pa)

Control 30.47 6.61
PMA 99.95 6.27
DEX 33.42 8.97
ATRA 33.22 10.33
CTX 38.31 10.45
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