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Supplementary Fig. 1 Analysis of the tether force and PM tension

a Schematic illustration of the measurements of tether force (Fime) Wwith optical
tweezers. k is the stiffness of the trap and Ax is the displacement of the bead from the
trap center. PM tension can be estimated with the formula as described. B is the bending
stiffness of the membrane. See the Methods section for details. b Time-lapse images of
ruffling and blebbing cells in optical tweezers experiments. Yellow arrows indicate
membrane tether. See Supplementary Movie 1. Images are representative of two
independent experiments with similar results. Scale bars, 10 pm. ¢ Mean values of
tether force and PM tension in Fig. la. d Schematic illustration of PM tension
regulation by membrane-to-cortex attachment (MCA) via ERM proteins. ERM proteins
are activated by RHOA through ERM kinases, including ROCK1/2, SLK, and STK10. e
Confocal images of indicated cells stained with anti-pERM antibodies, phalloidin, and
wheat germ agglutinin (WGA). See also Fig. 1b. Scale bars, 10 um. f Mean
fluorescence intensity of the line scan across the PM on the lateral side, as indicated by
the white lines in (¢). n =10 (MCF10A), n = 10 (AU565), n = 10 (MDA-MB-231),
and n = 10 (HS578T) cells from three independent experiments. g Confocal images of
AU565 or Hs578Tcells stained with anti-pERM antibodies, phalloidin, and WGA in a
3D collagen matrix. Scale bars, 10 pm. h Quantification of protrusions of the indicated
cells in a 3D collagen matrix (3D). n = 144 (MCF10A), n = 107 (AU565), n = 175
(MDA-MB-231), and n = 126 (Hs578T) cells from two independent experiments.

Chi-square test. n.s., not significant; ****pP < (0.0001.
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Supplementary Fig. 2 A decrease in PM tension induces a mesenchymal migratory

phenotype in epithelial cells

a Confirmation of the downregulated expression of target proteins by RNAi analysis
using western blotting. Images are representative of two independent experiments with
similar results. b Scatter plots comparing the tether force of MCF10A cells treated with
the indicated RNAi. n = 60 (si-Control), n = 40 (si-RHOA), n = 28 (si-ERM), and n =
25 (si-SLK + STK10) cells pooled from three independent experiments. Mean + SD.
See also Fig. 2a. ¢ Western blot of endogenous phospho-myosin light chain (pS19MLC),
MLC, E-cadherin, vimentin, and B-actin levels in the indicated cells. Images are
representative of two independent experiments with similar results. d Trajectories of cell
centroids of the indicated cells tracked for 6 h in 2D. n = 21 (si-Control), n = 22
(si-RHOA), n = 17 (si-ERM), and n = 16 (si-SLK + STK10) cells from three
independent experiments (see also Supplementary Movie 2). Right, scatter plots
comparing their aspect ratios of n = 81 (si-Control), n = 98 (si-RHOA), n = 81 (si-ERM)),
and n = 85 (si-SLK + STK10) cells pooled from three independent experiments. Mean =+
SD. e Quantification of AU565 or MCF7 cells that invaded through Matrigel. n = 6
fields from two independent experiments. Mean + SD. f Proliferation rates of MCF10A
cells treated with the indicated RNAi. Data are from the mean + SD of three
independent experiments. g Time-lapse images of MCFI10A cells treated with the
indicated siRNA in 3D. Yellow arrowheads indicate elongated moving cells (see also
Supplementary Movie 3). Experiments were repeated three times independently with
similar results. Scale bar, 20 um. Statistical comparison to the appropriate control was
performed using two-tailed Mann—Whitney test (b, d) and two-tailed Student’s #-test (e).

*adkp <0.0001.
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Supplementary Fig. 3 Downregulation of MCA regulators in cancer patients

a Western blot of endogenous E-cadherin, vimentin, and B-actin levels in the indicated
cells. Images are representative of two independent experiments with similar results. b
Scatter plots comparing the estimated PM tension of the indicated cells. n = 15 (MDCK
IT cells, Dox [-]) and n = 16 (MDCK II cells expressing RasV12, Dox [+]) cells pooled
from three independent experiments. Mean = SD. Two-tailed Mann—Whitney test.
kExkP <0.0001. ¢ Genetic alterations of the indicated genes across 14 human tumor
types in TCGA data (6586 samples). d Genetic alterations of the indicated genes across

961 cancer cells in the Cancer Cell Line Encyclopedia (CCLE) data.
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Supplementary Fig. 4 Increasing PM tension suppresses 3D migration

a Proliferation rates of MDA-MB-231 cells are expressed as indicated. Data are
presented as the mean + SD from three independent experiments. b Quantification of
drug-treated cells that invaded through Matrigel. n = 6 fields from two independent
experiments. Mean + SD. n.s., not significant; ****P < 0.0001. ¢ Scatter plots
comparing the estimated PM tension of MDA-MB-231 cells treated with MBCD. n =20
(Mock, water) and n = 21 (MBCD) cells pooled from three independent experiments.
Mean + SD. ****P <(.0001. d, e Time-lapse images of MDA-MB-231 cells expressing
ezrin (d) or MA-ezrin (e). In ezrin-expressing cells, yellow arrowheads indicate
elongated moving cells, whereas magenta arrowheads indicate rounded moving cells.
Experiments were repeated three times independently with similar results. Scale bars,
20 pum. f Primary tumor growth after injection of the indicated cells into the mammary
fat pad. n = 12 mice (MDA-MB-231 parental), n =4 (ezrin) and n = 6 mice (MA-ezrin).
Mean + SD. The mean tumor volumes are shown in the graph. **P = 0.0095; ***pP =
0.0001. Statistical analysis using two-tailed Student’s ¢-test (b, ¢) and two-tailed Mann—

Whitney test (f).
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Supplementary Fig. 5. Homeostatic PM tension inhibits cancer cell migration by
suppressing BAR protein assembly

a Phase-contrast images of MCF10A cells treated with the indicated RNAi grown in 3D
on-top culture. Scale bar, 20 um. b, ¢ Quantification of the indicated RNAi-treated
MDA-MB-231 cells (b) or MCF10A cells (¢) that invaded through Matrigel. n = 9
fields from three independent experiments. Mean = SD. d Time-lapse images of
MDA-MB-231 cells treated with the indicated RNA1 in 3D. Yellow arrowheads indicate
elongated cells, whereas magenta arrowheads indicate rounded moving cells (see
Supplementary Movie 5). Experiments were repeated three times independently with
similar results. Scale bar, 20 pum. e Maximum intensity projections of control
RNAi-treated MDA-MB-231 cells stained with phalloidin and WGA. Yellow and
magenta arrowheads indicate actin- and bleb-based protrusions, respectively. Scale bars,
10 um. These data are typical 3D images of protrusion phenotypes used in the
quantification shown in Fig. Se. Images are representative of three independent
experiments. f Confocal images of ezrin or MA-ezrin cells expressing GFP-FBP17
stained with phalloidin and WGA. Yellow arrowheads indicate the FBP17 spots at the
PM. Scale bars, 10 pum. g Quantification of GFP-FBP17 or GFP-MTSSIL puncta at the
PM. n = 20 (GFP-FBP17) and n = 20 (GFP-MTSSIL) cells pooled from three
independent experiments. h Quantification of GFP-MTSSIL puncta at the PM of n = 20
(si-Control), n = 20 (si-ERM), and n = 20 (Snail-expressing cells) cells pooled from
three independent experiments. Meant+ SD. i Confocal images of Mock (water)- or
MBCD-treated MDA-MB-231 cells expressing GFP-FBP17 stained with WGA. Yellow
arrowheads indicate the FBP17 spots at the PM. Scale bar, 10 pm. j Quantification of

GFP-FBP17 puncta at the PM of n = 20 (Mock, water) and n = 20 (MBCD) cells pooled

11



from three independent experiments. Mean = SD. k Confocal images of GFP-FBP17
(left) or GFP-MTSSIL (right) in MDA-MB-231 cells before and after mechanical
stretching (20%). Yellow arrowheads indicate FBP17 or MTSSI1L spots at the PM.
Scale bars, 10 pum. 1 Quantification of (k). n = 20 (GFP-FBP17) or n = 20
(GFP-MTSSI1L) cells pooled from two independent experiments. Mean & SD. Statistical
analysis using the two-tailed Student’s ¢-test (b, g, j), one-way ANOVA with Tukey’s

multiple comparisons test (¢), and two-tailed Mann—Whitney test (h, 1). ****P <0.0001.
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Supplementary Table 1. List of primers for qPCR analysis in this study

Gene Forward primer Common reverse primer
Human-specific PTGER2 | GCTGCTTCTCATTGTCTCGG | GCCAGGAGAATGAGGTGGTC
Mouse-specific PTGER2 | CCTGCTGCTTATCGTGGCTG | GCCAGGAGAATGAGGTGGTC

13
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