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Summary 
Parallel fibers (PFs) in the cerebellar cortex are involved in 
a series of coordinated responses in the fear conditioning 
paradigm induced by footshock. However, whether footshock can 
activate cerebellar climbing fibers (CFs) remains unclear. In this 
study, we recorded calcium (Ca2+) activity in CFs by optical fiber 
photometry in the cerebellar vermis lobule IV/V of freely moving 
mice with footshock stimulation. We found that the activation of 
CFs in the lobule IV/V was highly correlated with footshock 
stimulation but not with the sound stimulation used as a control. 
This result suggests that afferent information from CFs might be 
associated with the motor initiation of fear-related behaviors or 
fear emotion itself. Thus, our results suggest that a characteristic 
CF signal in the cerebellar cortex might be related to fear 
processing or footshock-related behaviors (such as startle 
responses or pain sensation). 
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Introduction 
 

Fear is an important emotion that arises when an 

animal encounters a serious threat and can prompt 
defensive behavior to achieve survival[1]. A series of 
behavioral paradigms exist for studying fear, of which the 
footshock paradigm is likely the most classical. Electric 
footshock at a certain current intensity are used to induce 
fear-related unconditioned behaviors [2-5]. Studies have 
shown that the neural circuits involved in fear responses 
are closely associated with specific brain regions. These 
regions are mainly the limbic structures such as the 
amygdala [6,7], the hippocampus [8-10], the midbrain 
structures such as the periaqueductal gray matter [11], the 
raphe nuclei [12] and dopaminergic areas [13], the 
thalamic reticular nucleus[14], the prefrontal cortex 
[15,16] and the cerebellum [17-20]. 

The cerebellum is commonly considered the 
central regulator of somatic balance and the coordinator 
of random movements [21]. However, it is also involved 
in fear responses and fear memory processes [17-19]. The 
cerebellum receives two major afferents, parallel fibers 
(PFs) as the T-shaped axons of granule cells and climbing 
fibers (CFs) as the terminals of neurons from the inferior 
olive (IO), forming numerous synaptic connections with 
the dendrites of Purkinje cells (PCs) [22,23]. Although it 
has been demonstrated that synapses between the PCs 
and the PFs in the cerebellum mediate fear memory 
processes [17,19], it is unclear whether CFs play a role in 
fear perception or fear learning processes. 

Due to the anatomical location and structure of 
the cerebellum, it is challenging to apply prevailing 
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recording techniques in the cerebellar cortex of freely 
moving animals, especially for recording axonal 
activities. Despite the technical difficulties, electrophy-
siological recording achieves high temporal resolution 
[18,24,25], and two-photon imaging achieves high spatial 
resolution and recording efficiency [26,27]. However, 
both techniques are difficult to apply to the cerebellar 
cortex of freely moving animals. Furthermore, it is 
challenging to label the axon terminals. Optical fiber 
photometry through newly emerging genetically encoded 
calcium indicators (GECIs) can record neural activity in 
the cerebellar cortex of freely moving mice [28]. We 
previously reported the successful recording of calcium 
(Ca2+) activity in the CFs of freely moving mice using 
this method [29]. Thus, this method allows exploration of 
the correlation between CFs activities and the fear 
induced by footshock. 

In this study, we hypothesized that CFs, like 
PFs, plays a role in fear related behaviors. Here, we 
combined viral tracing technique and immunohisto-
chemistry to verify the projection pattern of IO-lobule 
IV/V circuit and the effect of the GECIs. Using optical 
fiber photometry, we recorded the spontaneous 
Ca2+ transients of CFs in lobule IV/V under different 
anesthesia concentrations, or the induced Ca2+ transients 
with sound or footshock stimulation under freely 
behaving status. Our results may suggest a new idea for 
studying the emotional role of the IO-cerebellar circuit. 
Besides, our study may provide a new perspective for 
exploring the non-motor function of cerebellum, 
especially the emotional aspect. 
 
Materials and Methods 
 
Animals 

8-week-old male C57BL/6J mice were used [4] 
in this study. The mice were group-housed in individually 
ventilated cages (IVC, as home cages) under a 12-h light- 
dark cycle（light on from 8:00 to 20:00）with food 
(complete feed) and water ad libitum. The IVC were 
maintained at a constant temperature (22 °C) and 
humility (60 %). Before the experiment, the mice were 
acclimatized in the operating room for at least 30 min 
after being transferred from the IVC. The experimental 
operation time was restricted within 8:00-12:00 am. The 
room temperature (RT) and humidity were set the same 
as the IVC. All animal experiments complied with the 
relevant regulations of the Experimental Animal Welfare 
Ethics Committee of Chongqing University. 

Experimental design 
There were two main parts of this study (Fig. S1). 

For morphological verification of the IO-cerebellar circuit, 
tracers were used to verify the anterograde or retrograde 
projections of the IO-cerebellar circuit (Fig. 1). Then 
Cholera Toxin B (CTB) retrograde tracing followed by 
immunohistochemical staining was applied to confirm the 
exact projection from IO to lobule IV/V (Fig. 1D). For 
Ca2+ signal recording of the lobule IV/V, the Ca2+ signals 
were recorded under anesthesia (Fig. 2) before the fixation 
of the optic fiber. Afterwards, Ca2+ signals were recorded 
in freely-moving mice, and comparison of the Ca2+ signals 
during locomotion and grooming behaviors were made 
(Fig. 3B-E). Finally, comparison of the Ca2+ signals under 
footshock and sound stimulation were made (Fig. 3F-J). 
 
Virus injection 

Mice were anesthetized with 2.5 % isoflurane in 
an acrylic box for 3-5 min, then transferred to the heated 
plate (37-38 °C) on a stereotaxic apparatus (Zhongshi 
Technology, Beijing, China), and the head was fixed with 
a teeth-bar and two ear-bars to ensure stability during the 
surgery. Ointment was applied to protect the eyes from 
the surgical light. Then the concentration of isoflurane 
was reduced to 1.5 % and adjusted in real-time based on 
the respiratory rate of the mice. The hair was shaved and 
the skin was disinfected with 1 % iodophor. Afterwards, 
local infiltration anesthesia was administered with 0.5 % 
lidocaine, followed by a wait of 3 min before incision. 
A 2-cm incision was made along the midline of the scalp 
to expose the skull. Then the surface was cleaned to 
facilitate the determination of the Bregma and Lambda 
points (Fig. 2A). The mice skull was made level by 
adjusting the relevant height of both reference points. 
A small craniotomy (diameter ~0.5 mm) was made on the 
skull with a dental drill (bit diameter of 0.45 mm). After 
the skull fragments was cleaned, virus was delivered to 
the target brain regions through a pulled glass 
micropipette (tip diameter of 10-20 μm) at a rate of 
50 nl/min using the Nanoject III injector (Drummond 
Scientific, USA). After injection, the micropipette was 
kept in position for 10 min to allow the virus to spread. 
Finally, the scalp was sutured with tissue glue (Vetbond, 
USA), the isoflurane was turned off to let mice awake, 
and they were sent back to their home-cage for recovery. 
Meloxicam (4 mg/kg; Metacam, Germany) was provided 
subcutaneously on each of the three consecutive days for 
postoperative analgesia. 

For mono-synaptic anterograde tracing of the 
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olivo-cerebellar circuit, 50 nl tracer AAV2/9-hSyn-
EGFP-WPRE-pA (AAV2/9-EGFP) (Taitool Bioscience, 
Shanghai, China, Cat# S0237-9, Table S1) was injected 
into the right IO of the mice (anteroposterior (AP):  
-6.63 mm; mediolateral (ML): +0.35 mm; dorsoventral 
(DV, below the pia): -5.55 mm, from bregma). For 
optical fiber recording of the CFs, a new generation of 
GECIs, the AAV2/9-hSyn-axon-jGCaMP7b-WPRE-pA 
(AAV2/9-jGCaMP7b, Taitool Bio- science, Shanghai, 
China, Cat# S0602-9) was applied, which has a 2-times 
higher sensitivity and 50 % brighter fluorescence than 
that of GCaMP6s [29]. (‘jGCaMP7’ means ‘Janelia’ 
GCaMP7; ‘b’ means bright, and is suitable for detecting 
subcellular neural signals, e.g. dendritic spines and 
axons.). About 50 nl AAV2/9-jGCaMP7b was injected 
into the right IO with the parameters above. For 
retrograde tracing, 100 nl Recombinant Cholera Toxin B 
subunit-Alexa FluorTM 555 (CTB 555, Thermo Fisher 
Scientific, USA, Cat# C22843) or Recombinant Cholera 
Toxin B subunit-Alexa FluorTM 647 (CTB 647, Thermo 
Fisher Scientific, USA, Cat# C34778) were injected into 
both side of lobule IV/V of the mice (AP: -2.20 mm;  
ML: ±0.70 mm; DV: 0.70 mm, from lambda). The 
expression of the tracers in the mouse brains cost 3 weeks 
for AAV axonal tracing or 1 week for CTB retrograde 
tracing. Afterwards, mice brains were sampled, fixed and 
cut into 35 μm or 40 μm slices with freezing microtome 
(CryoStar NX50, Thermo Fisher Scientific, USA), for 
axonal tracing or retrograde tracing respectively. 
 
Immunohistochemistry 

For sampling the brains, the mice were deeply 
anesthetized with 1 % pentobarbital sodium (0.1 ml/10 g, 
Sigma-Aldrich, USA) to ensure no toe-pinching reflex, 
then perfused intracardially with 0.9 % saline (KELUN, 
Henan, China) followed by 4 % paraformaldehyde (PFA, 
Sigma-Aldrich, USA). After perfusion, whole brains were 
dissected and post-fixed in 15 % sucrose PFA and then 
dehydrated in 30 % sucrose phosphate-buffered saline 
(PBS, ZSGB-Bio, Beijing, China). Brains were serially 
cut at a thickness of 40 μm with freezing microtome 
(CryoStar NX50, Thermo Fisher Scientific, USA) and the 
sections were collected in 24 multi-well plates containing 
0.1 M PBS. For the first rinse, the sections were washed 
3 times (5 min each) on a shaker with a 6-well plate fitted 
with PBS. Following this, sections were permeabilized 
with PBS containing 1 % Triton X-100 (1 % PBST, Bio-
RAD, USA) at RT for 1 h, and then rinsed again for 
3 times (5 min each) in PBS. Next, sections were blocked 
with a solution of normal donkey serum (Jackson 

Immunoresearch, USA): 1 % PBST: 0.1 M PBS (ratio 
1:3:6) for 2 h at RT in the dark, and then were incubated 
in thermostat water bath (JingQi, Shanghai, China) for 
2 h at 37 °C with primary antibody solution in 0.3 % 
PBST. Primary antibody used was rabbit anti-Calbindin 
D-28K (1:250, Sigma-Aldrich, USA, Cat# ZRB1778). 
After washing 5 times for 10 min in PBS, the secondary 
antibody, Alexa Fluor 488 Donkey Anti-Rabbit IgG 
(1:1000, Invitrogen, USA, Cat# A-21206), was used for 
2 h at RT in the dark. Sections were again washed 5 times 
for 10 min in PBS and stained with 4',6-diamidino-2-
phenylindole (DAPI, 1:1000, Sigma-Aldrich, USA, Cat# 
D9542) for 8 min at RT in the dark. Finally, rinsed 
5 times again with PBS, then mounted onto the 
microscope slides for fluorescence imaging. 
 
Optical fiber setup 

The optical fiber setup adopts Dual-Channel 
Fiber Photometry (Thinker Tech Nanjing Biotech Co., 
Ltd., Nanjing, China) and supporting analysis software, 
in which the blue light excitation light wavelength was 
470 nm, and the yellow light excitation light wavelength 
was 594 nm. The emitted light from the blue and yellow 
light sources was combined into a single beam through 
a dichroic mirror and coupled into the same multimode 
fiber (200 μm diameter, 0.37 Numerical Aperture (NA), 
Inper, Zhejiang, China) after convergence by the 
objective lens (Fig. 2A). In this experiment, the CFs 
labeled by the jGCaMP7b emitted green fluorescence 
under blue light excitation, which was converted by the 
detector into electrical signals to represent the neural 
activity, and the yellow light was used as a control group 
to monitor motor artifacts. 
 
Optical fiber recording in anesthetized mice 

To evaluate the capacity of the GECIs and report 
the changing CF signals in the cerebellar cortex, we 
recorded changes in fluorescence intensity in the lobule 
IV/V in mice under different levels of anesthesia (Fig. 2). 
The optical fiber was glued with a cannula (inner 
diameter 0.57 mm, outer diameter 0.81 mm), and the tip 
was extended 0.9 mm from the cannula. Then, the optical 
fiber was placed above the craniotomy over the left 
lobule IV/V with a holder (Fig. 2A). The tip was 
advanced to the dura surface to achieve maximum 
fluorescence stability. The cranial window was kept 
moist with 0.1 M PBS during recording. The 
concentration of isoflurane was initially set at 0.6 % and 
was increased gradually to 1.0 %, then to 1.2 %, and 
finally to 1.4 % (Fig. 2D). At each concentration, the 
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mice were adapted for 20 min, and when their respiration 
rates were stable (consistent respiratory rate observed on 
three consecutive observations separated by at least 
1 min), spontaneous Ca2+ transients were recorded for 
10 min. In the control group, AAV2/9-EGFP was injected 
into unilateral IO, and the optic fiber was implanted in 
lobule IV/V. The real time-fluorescence changes were 
recorded under 0.6 % isoflurane anesthesia to eliminate 
motion artifact. 
 
Optical fiber recording in freely moving mice 

To explore the response of the cerebellar CFs to 
footshock in freely moving mice, we performed optical 
fiber implantation in lobule IV/V of the cerebellum to 
facilitate long-term behavioral observations and 
recordings (Fig. 3A). After confirming Ca2+ signals under 
anesthesia, the optical fiber was fixed at the site with 
dental cement, which was then air-dried and coated with 
black pigment to prevent light interference. The mice 
were then moved to the laboratory bucket with optical 
fiber for 5 days of recovery (Fig. 2A). During the 
recording, the mice were placed in a 60 cm × 60 cm open 
field (Fig. 3B), and the optical fiber was connected to the 
recording system. The signal light was manually 
triggered and the recording of the Ca2+ signals started 
simultaneously with sound or footshock stimuli that were 
conducted at a programmed time. Thus, the first frame 
with the signal light on was aligned with the trigger point 
(a square wave in another channel synchronized with the 
recording channel) to synchronize the behavioral video 
with the Ca2+ signals. On the 6th day of recovery, 
Ca2+ signal was recorded for 15 min in freely moving 
mice, and then sound stimulation (pure tone of 8944 Hz, 
75 dB, 10 times 1 s each, trial interval 180 s) was applied 
and the Ca2+ signal was also recorded (Fig. 3F). 
Afterwards, the mice were sent back to its bucket and 
allowed to rest for 24 h. On the following day (7th day), 
the mice were placed in a 60 cm × 60 cm footshock box 
(Fig. 3F). After an adaptation period of 3 min, the 
footshock stimulation was applied (0.6 mA, 10 times 1 s 
each, trial interval 180 s) and the Ca2+ signal was 
recorded. During the recording, the camera captured all 
the behavior processes of mice and the light flash marker, 
and the behavior and Ca2+ signals were analyzed 
synchronously offline. 
 
Data analysis 

The sampling rate of the optical fiber system 
was 100 Hz, and the camera shooting frequency was 

30 Hz. The Labview optical fiber data analysis program 
was used to perform Savitzky-Golay finite pulse 
smoothing filtering on the raw Ca2+ signal with 15 side 
points and 3 polynomial orders. For the freely moving 
mouse Ca2+ signal data, the first frame with the signal 
light on was aligned with the first frame of the wave 
above the Ca2+ signal to synchronize the behavior with 
the signal. For mouse sound stimulation and footshock 
stimulation Ca2+ signal data, the signal analysis was 
performed directly on the basis of the fixed intervals of 
the square waves for specific events (sound and 
footshock). The Ca2+ signal amplitude was determined 
according to ΔF/F= (f - fbaseline)/fbaseline, and we defined 
spikes three times larger than the standard deviation of 
the baseline amplitude as Ca2+ signal events. Statistical 
analysis of frequency and amplitude under different 
anesthetic concentrations was performed using the 
Brown-Forsythe and Welch ANOVA test, the Ordinary 
one-way ANOVA test, and the remaining Ca2+ signals 
were analyzed using a Mann-Whitney U test. Then, 
plotted as the mean ± S.E.M. in graphs. Analysis was 
performed using Labview, Graphpad (Prism) or 
MATLAB (Mathworks). Statistical significance was 
defined as **** P<0.0001, *** P<0.001, ** P<0.01, 
* P<0.05. 
 
Results 
 
Validation of the contralateral projection pattern of the 
olivo-cerebellar circuit 

To demonstrate the projection pattern from the 
IO to the cerebellar cortex, we injected the virus 
AAV2/9-EGFP into the IO and confirmed via post hoc 
histology that the tracer was confined to the IO and did 
not spread to other regions (Fig. 1A). AAV2/9-EGFP was 
specifically expressed in the contralateral CFs, and its 
continuous lateral-to-medial distribution pattern was 
confirmed with serial tissue sections (Fig. 1B). The 
CFs originate from the IO, with the main pathway 
contralateral to the spinal trigeminal tract and inferior 
cerebellar peduncle and terminating in the molecular 
layer of the cerebellar cortex. In addition, the retrograde 
tracing from both sides of the lobule IV/V to the 
IO showed the result that CTB 555 and CTB 647 were 
restricted to the respective injection side in the lobule 
IV/V (Fig. 1C). The cyan or red dyes were specifically 
expressed on either side of the lobule IV/V and traced 
back to the contralateral IO neurons, which were 
predominantly distributed in the sub-region dorsal 
inferior olive (IOD, Fig. 1D). 
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Fig. 1. Verification of the projection pathway of the IO-cerebellar cortex. (A) Scheme of anterograde injection of the virus into the IO. 
Upper panel, the scheme of anterograde injection of the virus AAV2/9-hSyn-EGFP-WPRE-pA into the IO. Lower panel, the merged 
fluorescence image result of the viral injection. Scale bar=500 μm. (B) A series of sagittal fluorescence images (thickness=35 μm) of 
the contralateral cerebellum. CFs labeled by enhanced green fluorescent protein (EGFP) across icp and sp5 are distributed in almost all 
contralateral cerebellar lobules. The acquisition range of brain sections is -0.16 – -2.40 mm (relative to midline). Scale bar=500 µm.  
icp, the inferior cerebellar peduncle; sp5, spinal trigeminal tract. n=5 mice. (C) Upper panel, the scheme of CTB555/647 injection into 
the vermis IV/V. Lower panel, the merged fluorescence image result of the CTB555/647 injection. Scale bar=500 μm. n=5 mice.  
(D) A series of coronal fluorescence images of the IO (thickness=40 μm), where red and cyan fluorescence represent neurons 
retrogradely projecting from the bilateral vermis IV/V back to the IO. Scale bar=200 μm. IOM, medial inferior olive; IOD, dorsal inferior 
olive; IOPr, principal inferior olive. n=5 mice. 
 
 
Recording of CF Ca2+ signals under different anesthesia 
levels 

The results showed that the frequency of  
CF Ca2+ transients was influenced by anesthesia levels 
(0.6 %, 1.0 %, 1.2 %, and 1.4 % isoflurane concentration; 
Fig. 2D). As the isoflurane concentration increased, the 

frequency decreased from 0.37±0.05 Hz to 
0.006±0.005 Hz (Fig. 2F). There is significant difference 
between the lowest and the highest dose (Brown-Forsythe 
and Welch ANOVA test, ** P=0.0012). However, the 
amplitude (∆F/F) of the CF Ca2+ transients was not 
significantly affected by the changes in the anesthesia
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Fig. 2. Population Ca2+ recording of CFs in anesthetized mice injected with jGCaMP7b. (A) Schematic of optical fiber recording under 
anesthesia and postoperative recovery in mice. In the bottom left panel, the red points represent the reference points Bregma and 
Lambda and the green points represent the fiber implantation site in lobule IV/V. The sagittal section showed that Ca2+ indicator 
AAV2/9-jGCaMP7b or tracer AAV2/9-EGFP were injected into IO to label CFs. (B) Left: Result of jGCaMP7b labeling in the IO. Scale 
bar=500 μm. Right: Left image zoomed-in. Scale bar=200 μm. (C) Left: Morphological results of the fiber tract in the lobule IV/V. Scale 
bar=500 μm. Right: Left image zoomed-in. Scale bar=200 μm. (D) Examples showing the change in fluorescence (ΔF/F) over time in 
lobule IV/V in a mouse injected with control AAV2/9-EGFP (gray) and an experimental mouse injected with AAV2/9-jGCaMP7b (blue) 
expressing Ca2+ indicator. Signals were collected for different concentrations of isoflurane (0.6 %, 1.0 %, 1.2 %, and 1.4 %).  
(E) Example Ca2+ transient shows rise time and amplitude. (F) Frequency of CF Ca2+ signals in lobule IV/V for different concentrations 
of isoflurane (Between experimental groups: Brown-Forsythe and Welch ANOVA test, **** P<0.0001; between control groups with 
experimental groups: Mann-Whitney test, ** P=0.0079<0.01, n=5 mice). (G) Amplitude of CF Ca2+ signals in lobule IV/V for different 
concentrations of isoflurane (Between experimental groups: Ordinary one-way ANOVA test, P=0.293; between control groups with 
experimental groups: Mann-Whitney test, ** P=0.0079<0.01, n=5 mice). 
 
 
level (Fig. 2G). Under the same anesthesia level (0.6 %) 
and recording position, the frequency (Fig. 2F) and 
amplitude (Fig. 2G) of Ca2+ signals in the CFs of the 
control group (AAV2/9-EGFP) were significantly lower 

than those in the experimental group (AAV2/9-
jGCaMP7b), indicating that the changes in fluorescence 
in the jGCaMP7b group were not a consequence of 
movement or breathing artifacts. 
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Fig. 3. Population Ca2+ transients of CFs induced by footshock stimulation in freely moving mice. (A) Flow chart of footshock 
experiment. (B) Diagram of the recording setup in freely moving mice. (C) Example showing the relative body movements (gray trace) 
and the Ca2+ transients recorded in CFs (black trace) in a freely moving mouse; gray-shaded areas: grooming; green-shaded areas: 
locomotion. (D) Corresponding locomotion trajectory of the recording period in C. (E) Summary of peak ΔF/F during locomotion or 
grooming (locomotion: n=68 trials from 6 mice; grooming: n=42 trials from 6 mice, Mann-Whitney U test, Z=-8.045, *** P<0.001).  
(F) Schematic diagram of Ca2+ recording with footshock or sound stimulation. (G) Representative Ca2+ signals induced after footshock 
(red) or sound (blue) in CFs from one mouse. (H, I) Average trace (top) and heat map (bottom) of Ca2+ signals aligned to footshock  
(H, n=51 trials from 6 mice) or sound (I, n=59 trials from 6 mice) stimulation. The gray lines represent each event. (J) Summary of 
peak ΔF/F 1 s before and during footshock and sound stimulation (footshock: n=51 trials from 6 mice, sound: n=59 trials from 6 mice, 
Mann-Whitney U test, before footshock vs. footshock, Z=-9.361, *** P<0.001; before sound vs. sound, Z=-0.921, P=0.357). 
 
 
Cluster Ca2+ signaling response in CFs evoked by 
footshock in freely moving mice 

The mice were placed in an open field for free 
movement, and the Ca2+ signals were recorded for 15 min 
(Fig. 3B). We selected a period of 200 s with locomotion 
and grooming for the simultaneous analysis of body 

movements and Ca2+ signals (Fig. 3C); the activity 
trajectory of the mice during the selected period was 
plotted retrospectively (Fig. 3D). The statistical analysis 
revealed that the Ca2+ signal amplitude during locomotion 
was significantly higher than that during grooming 
(Fig. 3E). Next, the mice were subjected to a fixed 



456   Xue et al.  Vol. 73 
 
 
frequency and duration of sound stimulation or electric 
stimulation (Fig. 3F), and it was found that the sound 
stimulation hardly elicited a typical Ca2+ signal (Fig. 3G, 
blue lines), whereas footshock stimulation elicited strong 
CFs activities (Fig. 3G, red lines). Statistical analysis 
revealed that the amplitude of the Ca2+ transients in 
CFs induced by footshock was significantly higher than 
the baseline before footshock (Fig. 3J, red), while the 
Ca2+ transient amplitude of sound-induced CFs was not 
different from the baseline before sound (Fig. 3J, blue). 
 
Discussion 
 

In this study, we used optical fiber photometry 
combined with GECIs to record Ca2+ signals in the CFs 
of lobule IV/V in anesthetized or freely moving mice. 
Under anesthesia, the amplitude and frequency of 
Ca2+ signals in the CFs differed among isoflurane 
concentrations (Fig. 2F, G). In awake mice, the CFs 
Ca2+ signal was significantly higher when the mice were 
free to explore than when the mice were relatively 
stationary, such as grooming (Fig. 3C, E). It was shown 
that the baseline of footshock (~1 %) was higher than that 
of sound (~0.5 %) (Fig. 3J). As the fiber photometry 
represents populational activity rather than single-cell 
activity, it was suggested that there might be higher 
motion intensity with footshock than that with sound. 
After the administration of a footshock, the CFs exhibited 
stable Ca2+ signals with significantly higher amplitude 
relative to the baseline (Fig. 3J, red), whereas sound 
stimulation failed to elicit such a strong response (Fig. 3J, 
blue). It is suggested that the CFs could be strongly 
activated by footshock, which was assumed as 
a characteristic fear-related stimuli. Here, we propose 
three possible speculations to explain the strong response 
of the CFs to fear-related stimuli. First, CF activities to 
the footshock may be an instructor of the consequent 
defensive behaviors responding to the frightening stimuli. 
From this perspective, the pain caused by the footshock 
might trigger the survival circuits through the olivo-
cerebellar system [29]. Second, CF activities certainly 
activated the CF-PC synapses, which occurred 
simultaneously with the activation of the PF-PC synapses 
during fear conditioning [17,19]. It is inferred that the 
CFs contribute to cerebellar fear learning or memory 
consolidation similar to the PFs. Third, as the motion of 
the mice induced by footshock is more intense than that of 
sound, it is not negligible that the stronger motor could also 
be a potential factor in causing population Ca2+ transients 

of CFs. Therefore, further studies are needed to elucidate 
whether the signal is a sensory afferent (pain or fear) or 
a motor afferent (shock-induced defensive behavior) and 
whether the signal represents a communication of 
information or a correction of behavior. 

The greatest advantage of this research 
compared with that of others is that it solves the problem 
of limited animal behavior in previous studies on the 
cerebellum via optical fiber photometry. In addition, the 
classical theory of cerebellar motor learning suggests that 
CFs from the IO transmit the necessary training 
information to the cerebellar cortex to guide the 
cerebellum in learning [31,32]. Therefore, previous 
studies have often focused on the role of CFs in motor 
learning [33-35]. In contrast, studies on fear memory and 
fear conditioning focused on the cerebellum have also 
assessed the synapses formed by PFs and PCs in freely 
moving mice. The firing mechanisms of CFs in response 
to fear stimuli have been poorly studied in freely moving 
mice. Since electrophysiological experiments were 
performed on isolated brain slices, the role of  
CF-PC synapses in the fear acquisition phase cannot be 
ruled out [18]. Our study complements this shortcoming 
in cerebellar research and provides new research ideas for 
studying non-motor functions in the cerebellum. 
However, there are several shortcomings in this study, 
such as the lack of using the electrophysiological or  
two-photon imaging techniques with high temporal and 
spatial resolution. And the optic fiber recording of 
clustered Ca2+ signals might have a low signal-to-noise 
ratio, which will inevitably miss part of the neuronal 
firing information during the signal analysis. The effect 
of motor activity could not be filtered either, and further 
studies with higher spatial temporal resolution might be 
needed to verify whether the involvement of motor 
activity induced by footshock in mice disturbs the 
population Ca2+ transients of CFs. In addition, this study 
only recorded Ca2+ signals from CFs under fear 
stimulation conditions, and future work is needed to 
investigate the role of CFs in fear learning in depth. 

The cerebellum is an important component of 
a topologically structured and functionally rich brain. 
Classically, the olive-cerebellar circuit is considered 
a real-time error calculation system that continuously 
corrects executed actions by calculating the error between 
the sensory information (feedforward) and the motor 
information (feedback) transmitted by CFs through 
a highly organized and preserved network of cells 
[33,36]. The olivo-cerebellar system greatly contributes 
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to the multi-faced functions of the cerebellum, including 
the classical functions of maintaining balance [37], 
coordinating movement [38], and regulating muscle tone 
[39], as well as cognitive functions [40,41] and food 
intake [42]. Our study reveals that the olivo-cerebellar 
system also plays a role in the emotional function of the 
cerebellum, which may bring more attention to the study 
of the cerebellum function that influences emotions [43]. 
Combining optic fiber recording with specific GECI 
labeling, our approach allowed Ca2+ signal recording in 
freely moving mice during conventional fear stimulation, 
and could be expanded in future studies by combining it 
with other prevailing techniques, such as chemogenetic 
manipulation. The method established in this study and 
the experimental ideas presented demonstrate the 
potential for the discovery of more cerebellum functions 
based on the olivo-cerebellar circuits. The study of the 

emotional cerebellum should also provide new 
therapeutic ideas and targets for many mood disorders, 
such as post-traumatic stress disorder [44,45], autism 
[46], and schizophrenia [47]. 
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