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scientific consensus in developmental biology, since the 1990s. “I 
think it’s exactly the same thing, [just at] a different scale.” 

How cell chirality is established
Not long after Wan began investigating his left-leaning cells, on the 
other side of the world, postdoc Yee Han Tee had begun working 
with another sort of micropatterning technique to study how cells 
form an internal structure called the actin cytoskeleton, an impor-
tant mediator of cell growth, movement, and intracellular trans-
port. Working in the lab of Alexander Bershadsky at the National 
University of Singapore’s Mechanobiology Institute, Tee had plated 
individual fibroblasts onto tiny adhesive islands that forced the typ-
ically elongated cells to adopt a circular shape, and was recording 
the cells through a microscope to examine how the cytoskeleton 
formed inside each cell over the next few hours. “One day,” Bershad-
sky recalls, “she came to me and said that these cells behave very 
interestingly.” Specifically, their insides were spinning.

Using fluorescent labeling to track the movement of individual 
actin fibers, the pair found that two groups of fibers seemed to be 
establishing a counterclockwise swirling motion within cells, Ber-
shadsky says. So-called radial fibers grow in from the cell’s edge 
toward the cell’s center, forming a pattern like the spokes of a bicycle 
wheel, while transverse fibers that connect the radial fibers at several 

points move toward the center along with them, creating a pattern of 
concentric circles. (See illustration below.) These fibers started out in 
a regular, radially symmetrical pattern. But a little more than three 
hours after the cells were plated, the spokes began to tilt, causing 
the whole structure to start swirling around the cell center. Finally, 
around the 11-hour mark, the fibers stopped swirling and stretched 
out more or less in parallel across the diameter of the cell.

While the idea of cytoskeleton chirality wasn’t new, the experi-
ments, published in 2015 alongside a computational model repli-
cating the swirling, provided one of the first visualizations of this 
chirality arising spontaneously from molecules inside the cell.2 

Digging further into that mechanism, Bershadsky, Tee, and col-
leagues used small-molecule drugs to inhibit actin-associated 
proteins, and found that this caused the cell cytoskeleton to lose 
its chirality or even swirl in the opposite direction. Other groups 
have pursued the idea, too. Researchers in Japan studying zebra-
fish pigment cells called melanophores reported several years ago 
that the cells’ tendency to rotate counterclockwise in culture could 
be abolished by treatment with inhibitors of actin assembly. 3

As actin itself is a chiral molecule—it forms a right-handed 
helix—Bershadsky, Levin, and others have speculated that its 
molecular structure could be central to the establishment of 
cellular asymmetry. “Our [view] is that . . . [the] actin filament, 

TWISTS AND TURNS
Individual cells are chiral: in addition to showing up-down and front-back asymmetries, they are also asymmetric along 
the left-right axis. One of the possible ways this chirality could get established inside cells is through the spontaneous self-
organization of the actin filaments making up the cell cytoskeleton. In one study a few years ago, Yee Han Tee and colleagues 
plated fibroblasts individually onto circular adhesive islands that forced each cell to maintain a circular shape, and imaged the 
movements of two sets of actin fibers in each cell: radial fibers, which stretch inward from focal adhesions on the cell membrane, 
and transverse fibers, which are arranged perpendicularly to the radial fibers and seem to physically interact with them. In the 
first few hours of cytoskeleton development, these fibers formed a radially symmetrical pattern (left), but after about three 
hours, the radial fibers began to tilt, dragging the transverse fibers sideways and causing a swirling pattern to emerge (middle). 
Then, at around the 11-hour mark, the swirling broke into a linear pattern of fibers stretching across the cell (right).

Leo Wan’s cultured mouse cells didn’t look right. Or rather, 
they looked left, Wan noticed, as he peered at them through  
a microscope around 2009. Huddled in a single layer along a 

narrow glass slide, the cells—in this case myoblasts, progenitors 
of muscle cells—were the latest of hundreds that Wan had plated 
using a technique called micropatterning, which lets research-
ers adhere cells to a surface in highly regular patterns, and which 
Wan had been perfecting as part of his postdoctoral research at 
Columbia University. He’d originally assumed that these long, 
slender cells would align themselves with the length of the slide. 
But instead, the cells seemed to be pulling slightly to the left, Wan 
tells The Scientist.

“At the beginning, I [thought] that it’s just random,” Wan 
recalls. “But after it appeared so many times,” almost always in 
the same direction, he and his supervisor, bioengineer Gordana 
Vunjak-Novakovic, agreed that Wan should pivot from his current 
project to look into what was going on.

After measuring the tilt of the myoblasts growing in rectangular 
strips and also in rings, where the patterns could continue all the way 
around in a circle, Wan began to suspect he was observing an intrin-
sic bias of the cells to align one way instead of the other: although 
they occasionally pulled right—what Wan describes as clockwise—or 
didn’t show an obvious bias, about 80 percent of the time they pulled 
left. He became surer still when he discovered that the direction of 
this bias seemed to vary by cell type. “Some of them are clockwise 
and some are counterclockwise,” he says. Like the mouse myoblasts, 
human muscle cells had a counterclockwise bias, the team reported 
in a 2011 PNAS paper, while many other cells they looked at, includ-
ing skin, heart, and bone cells, tended to be clockwise. Cancerous 
skin cells were an exception; their bias was in the opposite direction 
from their noncancerous counterparts.1 For Wan, now at Rensselaer 
Polytechnic Institute in New York, the work was an introduction to 
an odd quirk of animal biology: cell chirality, a little-understood phe-
nomenon that a handful of researchers have been documenting over 
the last several decades in all sorts of cells. 

Broadly speaking, chirality is a property of an object that 
is asymmetric in every plane, such that said object can’t be 
superimposed on its mirror image no matter how it’s rotated. 
The idea is intrinsically linked with the concept that some 
asymmetric objects can be classified as right- or left-handed 
based on their specific structures: a clockwise spiral is said to 
be right-handed, for example. Although it can be a tricky con-
cept to envision and articulate, chirality is a familiar feature 
of biology, from the scale of tiny molecules all the way up to 
whole organisms. Many biopolymers such as DNA form helices, 
which are inherently chiral structures, while compounds such 
as amino acids form complex 3D shapes that also can have left 
and right forms. Researchers now know that a molecule’s hand-
edness is critical in determining its function, and that living 
organisms are picky about which forms they use: while right 
and left versions of many molecules exist, almost all organisms 
exclusively synthesize and metabolize left-handed amino acids, 
but right-handed sugars, for example.

Chirality is evident at the macroscale too, in the body plans 
of animals—even ones that outwardly appear to be symmetrical. 
Humans, in addition to being obviously asymmetric from head to 
toe and from back to front, are also asymmetric along the third 
axis—that is, from left to right. Major organs such as the stom-
ach and the liver are always on the left and the right, respectively 
(except in very rare conditions, such as situs inversus totalis, in 
which a healthy person has all the organs in mirror position; see 
“Errors in Asymmetry”). Chirality can be seen within individual 
organs, too: the heart, for example, is structurally asymmetric 
from left to right as well as across the other two axes. 

How these body-level asymmetries arise presents enduring mys-
teries in animal development, notes Tufts University’s Michael Levin, 
an editor on Wan’s 2011 paper—and the left-right axis in particular is 
challenging to understand and study. While up-down and backward-
forward axes have real-world meaning, such as the direction of gravity 
or the direction in which animals or polarized migrating cells move, 
there’s no clear equivalent for the third, left-right axis. “If you try to 
explain to an alien … and you say ‘OK, my left hand is—’ Well, what 
does ‘left’ mean?” Levin says. “That’s a really hard problem.”

For Wan and several other researchers, chirality at the level of 
individual cells could be a crucial piece in this puzzle. The phenom-
enon has by now been widely described. It’s known that the ciliate 
Paramecium tends to spiral to the left as it swims, for example; 
neutrophil-like cells—a cell line developed to study the migration of 
these immune cells—also show a leftward preference in their move-
ment. “I think there’s a consensus regarding cells [having] a chiral 
bias,” says Wan, who, alongside Levin and others, has argued that 
this phenomenon offers an overlooked mechanistic link between 
molecular and organ- or organism-level asymmetries. 

“To me, there’s a really smooth continuum between asking 
about lateralized behavior in large organisms, like, we’re right-
handed or whatever . . . [and asking about] individual cell behav-
ior that’s lateralized,” says Levin, who has been formulating hypoth-
eses about cell chirality and body asymmetry, often at odds with the 
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