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Viewpoint

Cellular aggregates under pressure
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Researchers develop a new approach to measuring the viscoelastic properties of multicellular aggregates by using
a micropipette aspiration technique.
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It is widely accepted by now that the mechanical char-
acteristics of cells and tissues play an important role in
numerous biological processes, such as early morpho-
genesis [1, 2], signal transduction [3], cell adhesion [4],
and even stem cell differentiation [5, 6]. In particu-
lar, it was suggested and experimentally demonstrated
that a number of phenomena in embryonic tissues can
be interpreted through their viscoelastic properties [7].
Tissue mechanical properties have often been quanti-
fied by measurements using spherical aggregates of cells
(as models of tissues) and parallel-plate tensiometry [8].
In this technique the aggregates are exposed to a fixed
strain by compression between the plates and the vis-
coelastic parameters such as surface tension (γ), elas-
tic constant (E), and viscosity (η) are determined from
the relaxation of the compressive force (i.e., stress) to
equilibrium. In a work published in Physical Review
Letters[9], Karine Guevorkian and collaborators from
CNRS-Institut Curie and Ecole Polytechnique, both in
France, and McMaster University, Canada, use, for the
first time, micropipette aspiration—a method normally
applied to individual cells—to test the mechanical be-
havior of multicellular spheroids and to determine γ, E,
and η.

In this approach, the spheroid is aspirated into a
pipette of much smaller diameter than that of the
spheroid, with a constant suction pressure ∆P. Thus
the approach is complementary to the parallel-plate
method, as now the applied stress is constant and the
viscoelastic properties of the tissue are deduced from
the variation of the strain (i.e., the change in length of
the cellular material as it flows inside the pipette). As
tissues are complex materials with complex constitutive
equations, it is not obvious that the two methods should
lead to the same set of viscoelastic parameters. Indeed,
Guevorkian et al. find that the surface tension of cell ag-
gregates composed of a murine sarcome cell line (trans-
fected with the cell adhesion molecule E-cadherin) de-

pends on ∆P, whereas in parallel-plate experiments, no
dependence of the surface tension on the compressive
force was observed.

As shown in Ref. [9], cells aspirated with force fa, im-
posed by ∆P, reach steady inflow into the pipette with
velocity va = C(∆P − ∆Pc). Here, C = Rp/3πη, Rp is
the radius of the pipette, and ∆Pc ≈ 2γ/Rp is the crit-
ical (Laplace) pressure, at which flow stops (Fig. 2 in
Ref. [9]). The above analytic expression for the aspi-
ration velocity va is obtained by balancing the aspira-
tion force fa = πR2

p(∆P − ∆Pc), with the resistive vis-
cous force fv = 3π2ηRpva. Aspiration is followed by
retraction (upon setting ∆P = 0), leading to steady out-
flow from the pipette with vr = C∆Pc. The measurable
quantities va, vr, and ∆P are used to determine γ and η,
through C and ∆Pc. Assuming that the latter parame-
ters are the same in the aspiration and retraction phases,
∆Pc = ∆Pvr/(vr + va) and C = (va + vr)/∆P. The new
finding in the work is that vr , and therefore ∆Pc and γ,
depend significantly on ∆P. (Unfortunately, va + vr vs
∆P is not shown in Ref. [9], so one can only assume that
this relationship was found to be linear, thus implying
that C ∼ 1/η is indeed independent of ∆P.)

The ∆P dependence of vr means that despite the fact
that during retraction no external pressure is imposed
on the system, the cells remember what the aspiration
pressure was when they were moving into the pipette
under ∆P 6= 0. The authors interpret this result as an
active cellular response to mechanical force leading to
the remodeling of the cytoskeleton. This is an appealing
explanation and consistent with other findings on the
effect of mechanical forces on cells [10].

The work of Guevorkian et al. represents an impor-
tant contribution to the field of tissue mechanics. How-
ever, the application of the micropipette aspiration tech-
nique to cellular aggregates raises several questions.
First, most likely it is not applicable to weakly adhesive
cells. (It would be useful to know how strong the ad-
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FIG. 1: Scanning electron microscopy images of 300-micron-
diameter multicellular aggregates of (A) human umbilical
smooth muscle cells, and (B) N-cadherin transfected Chinese
hamster ovary cells. The aggregate with larger surface tension
(A) displays a smooth surface, while the one with smaller sur-
face tension (B) has a berrylike surface. (Illustration: From Ref.
[11])

hesion between the E-cadherin transfected murine sar-
coma cells is, in comparison to other cell types used
to measure surface tension). Figure 1 shows the sur-
face of 300-micron-diameter aggregates composed of
human umbilical smooth muscle cells (HUSMC) (Fig. 1,
A) and N-cadherin transfected Chinese hamster ovary
(CHO) cells (Fig. 1, B), with respective surface ten-
sions of 279 mN/m and 23 mN/m (as measured with
parallel-plate tensiometer [11] and respective cell num-
bers of 8, 000 and 12, 000). The aggregate of higher ten-
sion displays a smooth and uniform morphology, while
the aggregate of lower tension shows a berrylike sur-
face. The differing morphologies reflect differential ad-
hesion between the respective cells, with adhesion be-
tween CHO cells being significantly weaker than be-
tween HUSMC. As aspiration stretches the adhesive
bonds between cells, at sufficiently weak adhesion and
strong aspiration, the method may simply separate cells
from one another.

Another problem arises from the finite number of
cells aspirated into the pipette. For a 400 micron aggre-
gate and a 2Rp = 70-micron-diameter pipette, there are
about 12 cells within the pipette’s cross sectional area
(we assume the linear dimension of a murine sarcoma
cell to be around 20 micron). Thus the quantity γ, mea-
sured by Guevorkian et al. reflects the properties of a
small number of cells rather than those of the entire ag-
gregate. Therefore, despite the fact that their measured
surface tension has the same order of magnitude as that
measured by other methods where the entire aggregate
is probed (parallel-plate tensiometry [8, 11], centrifu-
gation [12]), it is not clear what γ really means. Fur-
thermore, surface tension is a strictly equilibrium quan-
tity, but here, γ is obtained from kinetic measurements.
(Given that both va and vr are small, the system most
probably can be regarded as being in quasi-equilibrium,

thus γ is well defined.) Finally, it is somewhat puzzling
that while γ depends on ∆P the viscosity η of the cellu-
lar assembly in the pipette appears to be independent of
∆P.

If the authors are right and indeed the cellular system
has memory of the magnitude of the aspiration pressure
when it retracts (when ∆P = 0) and it is this memory
that causes γ to depend on ∆P, one would expect to see
a similar effect in the compression experiments upon the
variation of the compressive pressure. However, tissue
surface tension measured by compressive tensiometry
was found to be independent of the compressive pres-
sure [11]. What may cause this discrepancy? It may
result from the difference between the magnitudes of
the applied aspiration and compressive pressures. At a
sufficiently large pressure, it is probably not surprising
that indeed the cellular system reorganizes. However,
we find the aspiration pressures applied by Guevorkian
et al. and the compressive pressures to be of the same
order of magnitude. On the other hand, the aspiration
pressure is applied effectively to a much smaller number
of cells than the compressive pressure. If it is indeed the
number of relevant cells that is responsible for the ob-
served variation of γ on ∆P, then the question of what
is the meaning of the measured surface tension remains
to be answered. This could be accomplished by measur-
ing the surface tension of aggregates of the murine sar-
coma cells with compression tensiometry and to com-
pare it with γ(∆P = 0), as extrapolated from the values
obtained using the micropipette aspiration technique.
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