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FIG. S1: Average radius of a single mouse aggregate over time (n = 10 aggregates, mean ± SD). The linear fit is
used to obtain the doubling time of the cells.
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FIG. S2: Image segmentation and determination of the end-to-end length L of the fusion assembly. A) The 2D
brightfield images (top) were segmented with the software MOrgAna and a final mask was obtained (bottom) for
every time point. An ellipse (in green) was fit to the mask at every time point and the end-to-end length L was
defined as the major axis of the ellipse. B) Time evolution of the end-to-end length L of 35 fusion events (in light
grey) corresponding to the case R0 = 96± 10 µm in Fig. 3A (Main Text). A representative fusion trajectory is
highlighted in black and the averaged curve is shown in red.
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FIG. S3: Nanoindentation. A) Bright field image of a 24h mouse embryonic stem cell aggregate in NDiff227 medium
under the Chiaro Nanoindenter. B) Typical indentation curve with a maximal force of ∼ 0.01 µN and maximum
indentation depth of ∼ 7 µm. The fits correspond to the Herz’s model considering a spherical tip.
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FIG. S4: Colormap of the logarithm of the dimensionless viscocapillary time log(τ/τon) as a function of the the duty
ratio α and strength Fp/(Kadhrmax) of active fluctuations (AF). The parameters are the same as in Fig. 4 in the
Main Text.
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FIG. S5: Parallel plate compression simulations using the software ya||a. The axial deformation of the aggregate
L(t)/L(0) (mean ± SD, n = 9) is studied considering jammed (Fp/(Kadhrmax) = 0.05) and unjammed
(Fp/(Kadhrmax) = 0.20) cell aggregates of 500 cells each. Kadh/Kr = 1, α = 1, λ/Kadhτon = 1. In the red region, a
compressive force F/(Kadhrmax) = 10 is applied. See corresponding Movies S5 and S6.
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FIG. S6: Fusion of human induced pluripotent stem cell (hiPSCs) aggregates at 24h after aggregattion. The number
of cells per aggregate was ∼ 500 during aggregation. A) Sequence of snapshots showing a fusion event of hiPSCs.
Scale: 100 µm. B) Average curve of sin2 θ vs time for n = 16 fusion events with an average radius of R0 = 120± 5
µm (mean ± SD). The estimated values of vc, `e and τv are shown.
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Rearranging Eq. (1) defines a quantity which we call the
tissue flow velocity:

vtðtÞ ¼ −2R
d
dt

ln cosΘ: ð2Þ

For fluidlike fusion, vt is constant and reduces to the ratio
of surface tension to viscosity, vt ¼ ση−1. Indeed, we
observe that the cancerous, fluidlike MDA-MB-436 tissue
velocities stay between 5 and 10 μmh−1 during several
days, indicating a permanent fluidization of the tissues on
the typical fusion timescales of hours to days.
MCF-10A fusions start offwith distinctly higher velocities,

followed by a critical glasslike slowdown of the fusion
dynamics [Fig. 2(d)], where the bulk tissue flow dynamics
arrests. The strength of this deviation from fluid behavior
depends on spheroid size and age (see the Appendix).

We cannot extract a characteristic timescale from the fusion
experiments in terms of passive, Newtonian fluidity as
in Eq. (1).
The complex functional form of the epithelial MCF-10A

fusion data can be rationalized in several ways. It could be
that the MCF-10A cells change their properties from
solidlike to fluidlike as a function of the distance
from the center of the aggregate; i.e., there is a hard core
and a fluid shell. Alternatively, the behavior could arise
from the interactions between two homogeneous but soft
solids, which partially fuse due to large effective surface
energies caused by active cell contractility, e.g., by over-
coming a yield stress near the contact neck of the two
spheroids.
The generation of ECM proteins by the cells themselves

could possibly contribute to the solidification of the

(c)

(a) (b)

(d)

FIG. 2. Cell spheroids are an active multiparticle system close to 100% packing fraction. (a) Equatorial confocal sections of the two
spheroid types used in thiswork: Epithelial-likeMCF-10AandmalignantMDA-MB-436 cells. Cell nuclei aremarked in red.Actin, which
assembles to a cortex beneath cell membranes, is marked in green. (Scale bars, 100 μm.) Global contrast is adjusted. (b) Time series of
spheroid fusion. ForMCF-10A cells, there is hardly any progress after 12 h, whileMDA-MB-436 spheroids fuse like fluid droplets. (Scale
bar, 100 μm.) (c) Characterizing the fusion progress byΘ, the angle between the fusion neck and the lines connecting the spheroid centers
(see the inset). During fusion, cosðΘÞ runs from 1 (spheroids meet) to 0 (complete fusion). For MDA-MB-436, cosðΘÞ follows an
exponential decay as expected for a fluid [cf. Eq. (1)]. (d) Tissue flow velocities [Eq. (2)] during fusion experiments for the two tissue types
show complete arrest (MCF-10A) and constant fluid flow (MDA-MB-436). Confidence intervals are from bootstrapping of the samples.
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⌧v = 11.1 ± 0.2 h
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100 µm, PRX data which has been digitalised using  
WebPlotDigitizer

FIG. S7: Fusion of human epithelial breast cell (MCF-10A) aggregates in Grosser et al. PRX, 2021. A) Series of
snapshots during the fusion process (adapted from Grosser et al. PRX, 2021). Scale bar: 100 µm. B) Analysis of
the MCF-10A fusion data from Fig. 2C in Grosser et al. PRX, 2021and fit to a Kelvin-Voigt model. We observe
that our model successfully captures the observed arrested coalescence dynamics. The data was digitized using
WebPlotDigitizer. Given that fusion already started in the first time point in Fig. 2C from Grosser et al. PRX,
2021, we introduced a 2h time gap for the fit.
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Movie S1. Brightfield timelapse of the fusion of two mouse embryonic stem cell aggregates 24h after aggregation.
10x air objective and 0.3 N.A. The movie corresponds to the snapshots shown in Fig. 1C.

Movie S2. ya||a simulation showing no coalescence. 500 cells per aggregate, Kadh/Kr = 1, α = 1,
Fp/(Kadhrmax) = 0.10 and λ/Kadhτon = 1. Total time 4000 τon.
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Movie S3. ya||a simulation showing arrested coalescence. 500 cells per aggregate, Kadh/Kr = 1, α = 1,
Fp/(Kadhrmax) = 0.15 and λ/Kadhτon = 1. Total time 4000 τon.

Movie S4. ya||a showing complete coalescence. 500 cells per aggregate, Kadh/Kr = 1, α = 1, Fp/(Kadhrmax) = 0.20
and λ/Kadhτon = 1. Total time 4000 τon.
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Movie S5. ya||a simulation showing no recovery of a 500 cells aggregate in the jammed (solid) regime. Kadh/Kr = 1,
α = 1, Fp/(Kadhrmax) = 0.05, F/(Kadhrmax) = 10 and λ/Kadhτon = 1.

Movie S6. ya||a simulation showing complete recovery of a 500 cells aggregate in the unjammed (fluid) regime.
Kadh/Kr = 1, α = 1, Fp/(Kadhrmax) = 0.20, F/(Kadhrmax) = 10 and λ/Kadhτon = 1.
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Movie S7. Brightfield timelapse of the fusion of two hiPSC aggregates at 24h. 10x air objective and 0.3 N.A.
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