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A. Nano-mechanical puncture experiment.

The cell puncturing experiments were conductedJRl& NanoWizard® Il AFM (JPK
Instrumental). A probe with a flat ended silicortridie tip (Microlevers, Veeco) of
diameter of 1, 2 ori8n, and a cantilever spring constant of 0.035 N/ns uged. The
AFM tip was first made to indent into the cell atspeed of 0.@m/s until an
indentation depth of Oudn was reached. This was followed by holding for 3w
then retraction at a speed of (r/s. Size evolution of the hole in the plasma
membrane was captured by time-lapse images, takarrate of 10 frames/sec, and
then quantitatively analyzed by a MATLAB programuflementary Fig. 1A and 1B
for details). All tests were conducted2aC and within 1 hour after the cells were

removed from the incubator.

To quantitatively determine how membrane poresatebee cell video was loaded to a
MATLAB program where image sequences were transtédrimto grayscale. The

intensity of each pixel in the image was measunedl the entire picture was then
smoothened by an average as well as a low-pass fodtlowed by pixel interpolation

(see Supplementary Fig. 1). Since that the poremegas displayed with a different
intensity (manifested as the white spot in the ienag shown in Fig. 1B) from the rest
of the membrane, its actual size at each time mauald be evaluated by simple pixel
counting in our program. The so-called resealingetiwas then determined by

identifying the time point when the pore radiusigaes.
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Supplementary Figure 1 A - Micrographs showing the appearance of a
membrane pore in HONEL1 cell after mechanical puect® - Flow chart of the

computer program in analyzing the size evolutionn@mbrane pores in the cell
membrane puncture experiment.

Interestingly, it was found that the resealing tiaotually depends on the indentation
depth to certain extent as shown in Fig. S2. Howesteh dependence disappears once

the indentation depth is beyond Quéh. For this reason, all our tests were conducted at

this fixed penetration depth.
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Supplementary Figure 2 Influence of the indentation depth on the membrane
resealing time. Error bar represents the standadation of 10 independent

measurements.

B. Cell lines used and culture conditions.

The two nasopharyngeal carcinoma (NPC) cell lillSSNE1 and CNE2) plus the two
immortalized normal (or non-tumor) nasopharyngdie) cell lines (NP69 & NP460)
were provided by Professor George S.W. Tsao from Almatomy Department,
University of Hong Kong. The NPC cell line (HK1) wastablished by the late
Professor Dolly Huang in Queen Elizabeth Hospitdlhe NPC sub-line

(HONE1-AUY922-R) which is resistant to an inhibitdnug, AUY922 targeted to heat
shock protein-90 (HSP90) was established in Quderalieth Hospital by pulsing
HONEL1 cell line with 30 nM AUY922 repeatedly evewyo to three days for six
months until drug resistance is developed (manpisarnder preparation). The
cisplatin-resistant cell lines (HK1-LMP1 CisR andONE1-EBV CisR) and their
parental cisplatin-non-resistant cell lines (HONEBY and HK1-LMP1) were

provided by Professor Brigette Ma & Dr. Eric Wonrgrh the Department of Clinical
Oncology, Chinese University of Hong Kong. The twomortalized normal lung cell
lines, namely, HBE and 16HBEo- was obtained froroféasor Wen Chen from the
Faculty of Preventive Medicine, School of Publicalle, Sun Yat-Sen University and
Professor Dieter Gruenert from the University ofifGenia, San Francisco School of
Medicine. The intestinal cancer cell line (CaCaagl immortalized intestinal normal
cell line (FHs74Int) and the whole series of lumgpaeer cell lines (A549, NCI-H520,
HCC827, NCI-H3255, HCC2935, NCI-H358, NCI-H1650, Nd@23, NCI-H1975 &

NCI-H820) with and without resistance to the anBHR targeted drug, Erlotinib were



acquired from ATCC.

Supplementary Table 1-Lists out the histology and reference of all tieks used in

this study. For the drug resistivity of lung senesed, the corresponding IC50 values

can be found in referencé 2

Cell lines Cell line histology & characteristics| References
Poorly differentiated squamous
HONE1 3
carcinoma cell line
Poorly differentiated squamous
CNE2 4.5
carcinoma cell line
Well differentiated squamous carcinorha
HK1 S0
cell line
Immortalized nasopharyngeal-derived
NP69 S7
T epithelial cell line
S
% Immortalized nasopharyngeal-derived
= NP460 S8
% epithelial cell line
P
Poorly differentiated squamous
HONE1-EBV 53,9
carcinoma cell line transfected with EBV
Differentiated squamous carcinoma cgll
HK1-LMP1 56,10
line transfected with LMP1
Poorly differentiated squamous | (Yip TTC et al.,
HONE1-AUY R carcinoma cell line with AUY922 unpublished
resistance data)
HONE1-EBV (Cis Poorly differentiated squamous 539,10




R)

carcinoma cell line transfected with EH

& with cisplatin resistance

V

Well differentiated squamous carcinorha
HK1-LMP1 (CisR) | cell line transfected with LMP1 & with S6.10
cisplatin resistance
A549 * Lung adenocarcinoma cell line st it
NCI-H520 * Lung squamous cell carcinoma cell line 5% *2
16HBEoO- Bronchial epithelial cell line s13
Bronchial epithelial cell line transfected
HBE S13
with H-Ras
HCC827 * Lung adenocarcinoma cell line S 14
NCI-H3255 * Lung adenocarcinoma cell line st 15
HCC2935 * Lung adenocarcinoma cell line st 16
Lung bronchioalveolar carcinoma cel
o NCI-H358 * su i
3 line
Lung bronchoalveolar carcinoma cel
NCI-H1650 * St 18
line
NCI-H23 * Lung adenocarcinoma cell line S1.19
NCI-H1975 * Lung adenocarcinoma cell line S1.18
NCI-H820 * Lung adenocarcinoma cell line s1.20




S21

1

Caco? Colorectal adenocarcinoma cell ling

Colorecta

FHs74Int Small intestine epithelial cell line S22

* |C50 references values can be found in the qitoer®

HONE1, HK1 and NCI-H520 were cultured in RPMI-1640edium (Gibco)

supplemented with 10% fetal bovine serum (FBS)r(taigand 1% antibiotic solution
containing penicillin & streptomycin (P/S solutio§jgma). CNE2 was cultured in
DMEM medium with high glucose (Gibco) supplementath 5% FBS (Sigma), 5%
Newton Calf Serum (Gibco) and 1% P/S solution (SignNP69 was cultured in
Keratinocyte-SFM medium (Gibco) supplemented witinan recombinant Epidermal
Growth Facter 1-53 (Gibco) and Bovine Pituitaryragt (Gibco). NP460 was cultured
in a 1.1 ratio of Defined Keratinocyte-SFM (Gibcafd EpiLife medium (Gibco)

supplemented with EpiLife Defined Growth SupplemeriDGS (Gibco). A549 was
cultured in DMEM Glutamax® medium (Gibco) supplenszhwith 10% FBS (Sigma)
and 1% P/S solution (Sigma). HBE was cultured imiMum Essential Medium
(MEM), supplemented with 10% FBS. 16HBE140- wastwed in MEM

supplemented with 0.292g/L L-Glutamine, 1g/L Glueand 2.2g/L NaHC®and

seeded on fibronectin coated culture dishes, peepay immersing the dish in a
solution composed of 88% LHC basal medium (Invitnmg 10% Bovine serum
albumin (diluted to 0.1mg/mL, Sigma), 1% of Vitrag&00 (3mg/mL BD-Laboratories)
and 1% Human fibronectin (Img/mL, BD-Laboratorie€aco-2 was cultured in
Eagle’s minimal essential medium supplemented ®@ko FBS (Sigma). FHs74Int
was cultured in Hybrid-care medium (ATCC) suppletedrwith 30ng/mL Epidermal

growth factor (Sigma).



Cells were maintained &7°C and 5%CO0, humidified atmosphere. In addition, a
total concentration of2 x 10° cells/mL was incubated in confocal dishes without
serum/growth factor for 24 hours to achieve GO phamchronization prior to the

actual test.

C. Drugs and protocols for developing drug-resistance

Supply of HSP-90 inhibitor drug, AUY922 was obtainefrom Novartis
Pharmaceuticals (HK) Ltd. The NPC sub-line (HONBE1¥922-R) which is resistant
to AUY922 was established by pulsing HONE1 celleliwith 30 nM AUY922
repeatedly every two to three days for six monthd drug resistance is developed.
The cisplatin-resistant cell lines (HK1-LMP1 CisRdaHONE1-EBV CisR) were
provided by Professor Brigette Ma & Dr. Eric Wonrgrh the Department of Clinical
Oncology, Chinese University of Hong Kong. The wéheéries of lung cancer cell lines
with and without resistance to the anti-EGFR taededrug, Erlotinib were acquired
from ATCC. For other details of cell lines and dmggistance nature, please refer to

Supplementary Table 1.



D. Cortical tension measurement

Contact area
=mB(t)?

Indentation
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Supplementary Figure 3Cortical tension measurement via nanoindentatidh @i

flat-end cylindrical punch.

The same protocol used in the mechanical puncasts {Supplementary Information
A), without the retraction stage at the end, waspée here. In particular, the contact
force between the cell and the cylindrical proberduthe indenting and subsequent
holding stages was recorded which, in conjunctiaih & simple model, enabled the
so-called cortical tension of cells to be estimatadour experiments, each cell was

indented five times at different locations.

Recent studies have shown that the cortical tenefonells can be measured by
indentation with a pyramid or spherical indertte?* Similar approach was adopted in

this investigation. In particular, a cylindricalotye coated with Bovine Serum Albumin



(to eliminate possible adhesion with the cell meamk) was used to indent the cell.

Before any contact take place, Laplace law imphes:

2Ym (S1)

where P, is the intracellular pressur@, is the external pressure,, is the membrane
tension and wittR is the radius of the cell. Denoting the indentatadepth and the
corresponding contact radius asand B respectively (Supplementary Fig. 3), we
proceed by assuming that the cell deformation iallsfne. the cell still maintains the
spherical shape outside the contact region) andehémese two quantities can be

approximately related to each other as:

B =./8[2R - &]. (S2)

In addition, force equilibrium of the contact peetuires that:

P.—Py=— (S3)

whereF is the force applied by the indenter. Combining.H&1) — (S3), we finally
have:

_FR S4
Ym = Srslzr—s (S4)

Given that botl and § are recorded in the indentation test, Eq. (S4)ides a simple
way for us to estimate the cortical tensigg,). In our experiments, this quantity was

measured to be in the range of ~50-200/um (see Fig. 4(A) and 4(B)), depending on



the cell types, which is comparable to those regubir the literaturé 2*

Supplementary Table 2 -List of parameters used in this study

Reference
Parameter Sym| Adopted Value Source
Value
Line tension o 1.8 x 107" Jm™* 1.8 x 10~ m1 S25-27
10—16
Diffusion coefficient D | 1.5x10 18 m2s? $28-30

_ 10—20 mZS—l

Controlled in

Initial pore radius Iy 0.5 pm 0.5 pm
Experiment
Controlled in
Initial indentation depthh & 0.4 um
Experiment
Estimated from
Cell radius R 10 um

observation

E. Resealing response of drug-treated A549 cells

To confirm whether the distinct resealing respamisserved in this study is caused by
the different tension levels in the membrane ofscéle treated A549 cells with three
drugs, Jasplakinolide (Jas), Cytochalasin D (CyabJ Blebbistain (Blebst), that are
known to alter the cortical tension in cells. Sfieally, Jas can interfere with actin
assembly/disassembly in the cortex and lead tdact®n in the membrane tension by
more ~80% on averag&l *2 CytD promotes the depolymerization of F-actin and

hence will also result in a decrease in the cdrtaazsion™>>> >4 Blebbistatin inhibits the



contractility of myosins and hence reduces theitenkevel in cells®. Indeed, our
measurements show that the tension level in AS49 reated with Jas (1 for 30
minutes), CytD (0.5M for 30 minutes) and Blebst (i for 30 minutes) was
significantly reduced (Fig. 4C). Interestingly, agpected, such decrease in the
membrane tension was accompanied by a marked secnedhe resealing speed, refer
to Fig. 4D. All groups were found to be significgntlifferent from one another

(two-sampled t-tests, P < 0.05)

F. Resealing response of A549 cells under elevated maunding osmotic

pressure

In addition to drug treatment, variations in theérsunding osmotic pressure (30, 50,
and 70mmHg) were also introduced to A549 cells Zonours before membrane
resealing test was conducted. Specifically, sdittems were prepared by dissolving
sucrose (IBI Scientific) in DMEM medium (Gibco) Wwil0% (v/v) fetal bovine serum
and 1% (v/v) antimycotic as well as antibiotic ¢mn (Invitrogen). The osmotic

pressureAn can be calculated by the Morse equation

where i is the dimensionless Van't Hoff factorscthhe concentration of newly added
sucrose in the culture mediurkg is the Boltzmann constant and T is the absolute
temperature. Note that the elevated surroundingotasity will induce the shrinkage
of cells and hence reduce their membrane tensfmsuch, it is conceivable that a
faster resealing response will be observed herailési to that shown in Fig. 4).

Indeed, as demonstrated in Supplementary Figusehdgher increase in the medium



osmolarity will lead to a shorter membrane resegiime.

P<0.05,n=15

[y
h

[y
<
[——
—

ik

Resealing time (s)

T

0- . 1
Control 30 60 90
mmHg mmHg mmHg

Supplementary Figure 4 The resealing time of 1-um membrane pores in A549
cells under elevated surrounding osmotic pressesults shown here were based on
measurements on 15 cells (in each case) and stisttconfidence level of no less than

95% by t-test has been achieved.

G. Effective elastic moduli of cancer and normal cells

The effective elastic moduli of different cancedamrmal cells were measured by
rate-jump indentation®. Specifically, the synchronized cells were cultmnto the
petri dishes for 24 hours. After that, the indemtas first moved into the cell until an
indentation depth of O2n is reached, and then was held for 30s, finallppWeéd by a
sudden retraction at a speed of jhi/s for 10s. All atomic force microscopy
measurements were obtained by a JPK NanoWizard®M (Veeco, Santa Barbara,
CA) that was mounted onto a Zeiss AxioObserver wvitie fluid-cell-mounted
cantilever (Microlevers, Veeco). The piezo platfoand photodiode signal were

controlled by JPK NanoWizard® Il software (JPK mshental). A flat-end cylindrical



silicon nitride cantilever (Veeco) dfum in diameter with a spring constant of 0.035
N/m was used in all experiments. All tests weredtmted a25°C and within 1 hour

after cells were removed from the incubator.

Atypical force curve from such test is shown ipflementary Figure 5A. From which

the reduced modulug, of the cells can be determined®as %

AF = 2E.aA$ (S6)

where AF is the loading rate jumm$ is the displacement rate jump, ands the tip

—y2 _y2

radius. Notice that, heré = [1 Y ] + [1 Y ] with E andv being the Young’s
Er E ltip cell

modulus and the Poisson’s ratio respectively. Tidemter itself is much stiffer than the

cell, and hence the Young’s modulus of the cedl, K.}, can be estimated from,,

measured from egn. (S6), as

3 S7
Ecen = ZEr ( )

where it has been assumed that; = 0.5 (i.e. the cell body is treated as
incompressible). By conducting indentation on 1fedent synchronized cells with
fragmented cells rejected, the average cell modulas shown in Supplementary
Figure 5B. Clearly, tumor cells all appear to b#éesahan the corresponding normal

ones.
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Supplementary Figure 5 A - A typical force curve obtained from the rate jump
indentation test on HONE1 cellB. — Effective elastic moduli of different cancer
(HONE1, A549 and Caco-2) cells and their normal countegp@e. NP69, HBE and

FHS74Int cells).
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