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A standardized crush tool to produce 
consistent retinal ganglion cell 
damage in mice

In the mammalian central nervous 
system, neuronal loss induced by injuries 
or in neurodegenerative diseases is 
often irreversible (Quigley, 2016; Gan et 
al., 2018). Following the disease insult, 
the surviving neurons may continue to 
lose their functionality because their 
axons degenerate and fail to maintain 
proper synaptic connections, and the 
underlying molecular and cellular 
mechanisms remain to be investigated 
(Raff et al., 2002; Bei et al., 2016; 
Quigley, 2016). Retinal ganglion cells 
(RGCs),  for example,  the neurons 
conveying visual information from the 
retina to the brain via the optic nerve, 
is a great model system to study the 
neural circuit and function because 
of its relatively easy accessibility and 
manipulation of the t issue.  Optic 
nerve crush (ONC) injury in mice, the 
mechanical damage of the RGC axons 
at 0.5–1 mm behind the eye globe (Li 
et al., 1999), is a widely used model 
to examine the neural degeneration 
and axonal regeneration (Nickells et 
al., 2012; Quigley 2016). Since the 
introduction of this mouse model in late 
nineties, major progress has been made 
to characterize the axon degeneration 
and regeneration, especially assisted 
by the powerful mouse genetic tools 
that allow examining the molecular 
mechanisms underneath (Duan et al., 
2015; Yi et al., 2016; Feng et al., 2017; 
Tran et al., 2019).

Optic nerve crush injury usually induces 
the death of 50–80% of RGCs within 
2–3 weeks, and the main challenge is to 
generate reproducible and consistent 
RGC damage among different research 
groups (Liu et al., 2020). To study axonal 
degeneration and regeneration, it is 
essential to injure all axons, because an 
incomplete lesion may lead to confusing 
results and misinterpretation of axonal 
rescue (Fischer et al., 2017). Different 
strategies have been developed to 

produce consistent axonal damage 
and to validate axon regeneration. For 
example, different fluorescent colors 
were used to label RGCs and their 
axons before and after the ONC injury 
in order to distinguish degenerated and 
spared axons, which also made possible 
to track the axons’ survival at different 
time points following ONC (Fischer et 
al., 2017). The use of a calibrated tool, 
on the other side, allows experimenters 
to apply a consistent force on the 
optic nerve. A large number of tools 
were tested in an attempt to achieve 
a standardized crush injury among 
different laboratories (see discussion in 
(Liu et al., 2020)). In our recent study, 
we designed a device to measure the 
force and duration exerted by a N-7 self-
closing forceps on the optic nerve in 
mice (Liu et al., 2020).

The device  we des igned has  two 
miniature precision foil gauges coupled 
at optimal locations, one on each 
arm of the tweezer that allows the 
measurement of the force and duration 
applied by the experimenter (Figure 
1; Liu et al., 2020). Throughout the 
study, the same experimenter crushed 
the optic nerves of multiple mice, with 
varied forces and different durations. We 
quantified the effects of crush duration 
and crush force on RGC survival, and 
our results revealed a reduction on 
axon density with the increased force 
pulse (newton-second). In other words, 
a longer crush with stronger force 
produced more axon loss (Liu et al., 
2020). Moreover, this new tool allows 
the experimenter to adjust the force 
and duration of the crush which will 
eventually standardize their applied 
force (Liu et al., 2020). An improved 
consistency of axon injury could thus be 
achieved by different research groups in 
future.

At the same time, we did notice that 
the tweezers have a flat tip that do not 
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fit perfectly around the nerve, and, 
consequently, may produce uneven 
force around the ON and also permit 
spared axons on the edges of the ON 
(Figure 1). The difference between 
spared and regenerated axons should be 
carefully identified. Fischer et al. (2017) 
warned that spared axons usually are 
linear and continuous beyond the injury 
site for long distances. Moreover, not all 
RGCs respond to the injury following the 
same pattern, which further increased 
the complexity of data analyses.

There are ~45 distinct types of RGCs 
in  mice,  wi th  each exh ib i t ing  an 
unique morphology and physiological 
properties (Sanes and Masland, 2015). 
Quigley et al. (1987) had related a 
greater conservation of RGC fibers with 
a smaller diameter compared with the 
RGC fibers with larger diameter in a 
chronic glaucoma model of primates. In 
line with above, other studies, including 
ours, showed a great variation in the 
survival rates of RGCs following ONC 
(Duan et al., 2015; Feng et al., 2017; 
Tran et al., 2019). However, the results 
and interpretations of the survival rates 
following axons injury, even for the 
same type of RGC, may be inconsistent 
in different studies. This is probably 
due to limitations of different labeling 
techniques and diverse classification 
parameters. For example, Duan and his 
colleagues have shown that the α-RGC 
type was resilient to the ONC, while our 
studies suggested that a small subgroup 
of α-RGC type in fact were susceptible 
to the ONC (Duan et al., 2015; Feng et 
al., 2017). The recent publication of Tran 
et al. (2019) has used the single cell RNA 
sequence to create an atlas of RGC types 
and then tracked type-specific response 
to the ONC injury. They described four 
different types of α-RGC, where two 
are resilient and the other two are 
susceptible (Tran et al., 2019), which 
possibly explained the discordance 
mentioned above.

Interest ingly,  a l l  f ive intr insical ly 
photosensitive RGC (ipRGC) types were 
resilient after ONC (Tran et al., 2019). 
The ipRGC expresses melanopsin, which 
is a photopigment responsible for the 
intrinsic sensitivity to light (Do, 2019). 
The axons of ipRGC project to different 
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brain areas such as the suprachiasmatic 
nucleus to synchronize the circadian 
c lock  to  the  env i ronmenta l  t ime 
cues (Do, 2019). It is remarkable that 
some of the ipRGC and the resilient 
α-RGC overlapped (Tran et al., 2019), 
demonstrating the complexity of the 
RGC classification and the interpretation 
of results. Duan et al. (2015) further 
demonstrated  the  express ion  o f 
osteopontin and insulin-like growth 
factor receptor 1 in this specific subset 
of ipRGC and α-RGC promoted their 
regeneration. Taken together, in the 
presence of a distinct combination of 
molecular factors, each group of RGCs 
may behave differently following the 
crush insult, which adds another layer of 
variability to the data analyses.

In summary, baseline inputs need to be 
established to induce consistent damage 
to the optic nerve with controlled 
force, duration, and location, in order 
to optimize the consistency of RGC 
damage. The issues with spared axons 
following the ONC can be addressed 
by developing a standardized and 
customized tool with tips that conform 
to the geometry of the ON, mitigating 
spared axons on its edges. More studies 
are needed to further understand the 
molecular variabilities among subtypes, 
and how these molecules may affect 
the survival and regeneration of specific 
types of neurons in neurodegenerative 
diseases.
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Figure 1 ｜ Schematic illustration of the optic nerve crush (ONC) injury in mice. 
The optic nerve crush is performed at about 0.5–1 mm of distance from the posterior side of an eyeball, 
using the instrumented self-closing #N7 tweezers. This instrument has two miniature precision foil gauges 
attached on each arm which could measure the force (In newton) being applied over the optic nerve. A 
trained experimenter can be trained with feedbacks to apply a stable and reproducible crush force. The 
zoom-in image of nerve crush shows the areas of spared axons over the edges of the optic nerve, due to 
a not perfect fit of the forceps around the nerve. See technical details in Liu et al. (2020) .
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