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Sugar, sugar: Glucose activates motion in  
pancreatic cilia
Haixin Sui1,2

Pancreatic primary cilia are active and dynamic, not static antenna-like sensors as previously thought. This 
movement may be an important mechanism to glucose regulation.

Textbooks classify eukaryotic cilia as two 
types: motile and nonmotile (primary) cilia. 
Primary cilia have long been regarded as non-
motile passive sensors that monitor environ-
mental signals to maintain tissue homeostasis 
in the pancreas. These microtubule-based 
sensory organelles protrude out of the cell 
surface. Recently, primary cilia in pancreatic 
 cells were found to be involved in glucose 
homeostasis (1–3), but their functional roles 
are still vague, and the mechanisms of action 
are unclear.

In this issue of Science Advances, Cho et al. 
demonstrate that primary cilia are active and 
dynamic, rather than simple static antenna- 
like sensors. The researchers also link the 
motility of the  cells cilia to glucose sensing, 
which is critical in the physiology of blood 
sugar level regulation. This work leads to 
a plausible hypothesis that primary cilium 
motility may be a core function for glucose- 
stimulated calcium influx and insulin release 
(4). This insight could lead to new under-
standing of diabetes.

Cho et al. (4) used live-cell imaging to 
characterize the motility of pancreatic  cell 
cilia and its dependence on glucose. Since 
dynein inhibition or ATP depletion largely 
diminished the motility of the islet cilia, the 
motility is likely a proactive behavior instead 
of a passive motion. In addition, the motil-
ity of islet primary cilia is sensory function 
related, as an increase in glucose concentra-
tion leads to a motion pattern change. Such a 
motility change is associated with the degree 
of cellular calcium response and thereby 
insulin secretion (Fig. 1A).

The mechanism underlying the proactive 
motility of the islet primary cilia is a funda-
mental question raised by this study. Data 
from immunofluorescence microscopy sug-
gest that the  cell cilia possess some of the 

key proteins that are required for motile 
cilium motility, i.e., component proteins of 
the dynein arm (intermediate chain DNAI1, 
light intermediate chain DNALI1, and heavy 
chain DNAH5), the nexin-dynein regulatory 
complex (GAS8), and the sperm flagellar 
assembly protein SPEF2, in addition to the 
kinesin motor (KIF9) (4). Based on the data 
from decades of studies on motile cilia, we 
know that these component proteins must 
assemble into a distinctive 3D structure 
in motile cilia to enable the proactive beat-
ing function.

In typical motile cilia, the microtubule- 
based framework (axoneme) is constructed 
in a cylindrical configuration of nine micro-
tubule doublets (5). Together with the dynein 
arms (6) and nexin links (dynein-regulatory 
complex) bridging the neighboring micro-
tubule doublets, they represent the essential 
structural components for motile cilia beat-
ing (7) (Fig. 1B). Although the central pair 
complex is not an essential component for the 
beating function of the motile cilium axo-
neme, it is present in most motile cilia and 
regulates the beating motion pattern through 
radial spokes (Fig. 1B).

Proactive motion of motile cilia requires 
the essential component proteins to be prop-
erly assembled into the correct regular archi-
tecture, and defects of this regular architecture 
may abolish the beating function of motile 
cilia. In contrast to motile cilia, the struc-
tural features of the typical primary cilium 
axoneme change gradually from the base to 
the tip with a decreasing diameter (Fig. 1C, 
1 to 4) (8). In primary cilia, no structural fea-
tures exist like the array of dynein arms to 
make neighboring microtubule complexes 
slide against each other for proactive beat-
ing. Therefore, it is important to determine 
whether/how islet primary cilia utilize the 

dynein arms, nexin link, and microtubules 
identified by the immunofluorescence studies 
for proactive beating. Do these components 
present in a structural configuration similar 
to either of the two shown in Fig. 1B? If so, 
these islet cilia of  cells should be termed as 
islet motile cilia based on the structural clas-
sification definition. But if not, what is the 
structural basis for the proactive beating of 
these islet cilia?

The appearance of the cilia imaged by 
Cho et al. seems to agree with the structure 
of primary cilia in kidney cells (Fig. 1C) (8), 
echoing previously published electron micro-
scopy (EM) results (9). Therefore, the mecha-
nism of islet cilia motion may not share the 
same structural basis of the mechanism 
underlying typical motile cilia beating. The 
current EM data are not clear enough to 
draw a conclusion. A high-quality 3D struc-
ture of islet  cell cilia and its comparation 
with motile cilia could offer substantial insight 
into the mechanism of islet cilia motility.

Current data suggest that the motility 
of the  cell primary cilia is affected by glu-
cose concentration and is associated with 
the Ca2+ response, which is critical to insu-
lin secretion. This is compatible with the 
proposed idea that the islet cilium motility 
may be a required function by glucose sens-
ing (4). However, while the mechanism of 
islet cilium motility is indecipherable, it is 
also possible that the motion of these pri-
mary cilia is simply a collateral consequence 
of glucose sensing.

Alternatively, intraflagellar transport (IFT) 
(10), which is a constantly active motility 
source in all cilia, may be involved in primary 
cilium motility. Movement of IFT trains 
along the microtubules relies on kinesin-II 
(kif3 in human) and dynein-2 motors that 
can be inhibited by antimycin A, ciliobrevin D, 
or erytho-9-(2-hydroxynonyl) adenine, all 
used in the study of Cho et al. (4). If IFT is 
involved in the primary cilium motility, the 
motility reduction following the use of these 
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drugs may be explained as a result of IFT 
termination. The motion pattern change of 
the islet primary cilia under a high-glucose 
condition may result from a possible change(s) 
in IFT activity or cargo types in response to 

the glucose concentration change. Therefore, 
clarifying the motility mechanism of primary 
cilia is important for understanding the func-
tional role(s) of islet  cell cilia motility in 
glucose sensing.

Although conclusive interpretation of some 
of the experimental data in the report re-
quires more experimental work, the discovery 
that primary cilia proactively move and that 
their motion behavior is associated with 
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Fig. 1. Primary cilia play a key role in glucose regulation through active motion. (A) Proactive motion of primary cilia in islet  cells displays a low frequency of about 
0.04 Hz. The movement amplitude increases significantly under a high glucose concentration, which is associated with the calcium response and thereby insulin secre-
tion. (B) The typical structure (top) and architecture of the essential components (bottom) for the proactive beating of motile cilia. Typical primary cilia lack such charac-
teristics. (C) If the  cell cilia display a similar structure to that of most primary cilia, they may not share the same proactive motion mechanism as that of motile cilia. 
Illustration credit: Ashley Mastin, Science Advances.
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glucose sensing is important. This work of-
fers novel insights into the functional roles 
and mechanisms of islet  cell cilia in glu-
cose sensing. It will also stimulate further in-
vestigation on primary cilium motility and its 
potential roles in sensory functions of other 
cell types.
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