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Axons fail to regenerate after spinal cord injury (SCI). SCI is a severe
condition resulting in livelong disability due permanent disruption of
connectivity between the brain and the rest of the body (Hilton and
Bradke, 2017). Researchers have implemented different strategies to
promote axon regeneration by targeting intracellular neuronal pro-
cesses underlying axon growth or reducing inhibition by extracellular
factors (Bradbury et al., 2002; Curcio and Bradke, 2018; Schwab and
Strittmatter, 2014). Despite numerous published preclinical studies
with new targets to treat SCI, no regenerative therapy is available to
patients yet and the main clinical option to promote functional im-
provements remains rehabilitation therapy (Dietz and Fouad, 2014).
Why do regenerative therapies that show promise in preclinical models
of SCI fail to make a difference clinically? One of the major issues is the
lack of robustness and reproducibility in preclinical studies, including
in SCI research (Steward et al., 2012).

In order for a preclinical study to make it to the clinical stage it
should ideally be replicated independently. A confirmatory replication
provides confidence that a particular therapeutic approach is effica-
cious. To reproduce a study, a different lab tries to completely or par-
tially replicate a previous study. Although the aim is to fully replicate
the experimental methodology of a previous study, in practice this is
almost impossible. Therefore, often only key aspects of the original
study are replicated. In SCI research, replication studies are rarely
performed due to a lack of funding, the absence of recognition re-
searchers get for performing such studies or problems with publishing.
In light of these concerns, the “Facilities of Research Excellence-Spinal
Cord Injury” (FORE-SCI) program was developed to replicate key stu-
dies in the SCI field (Steward et al., 2012). A number of studies were
carefully selected due to critical criteria such as clinical relevance,
endpoints, clinical translatability, effect size, scientific quality of the
publication, and general strengths and weaknesses. The reality hit hard
that out of 12 studies only one study was fully replicated, six were not
reproducible and the rest had mixed results or there was only partial
replication.

Replication studies are challenging to conduct. Not only the way a
drug is administered but also the lesion model, the animal strain, as
well as the lesion surgery and the quality of outcome measures influ-
ence reproducibility. Behavioral analyses for example are prone to
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subjectivity and alter not only from lab to lab, but also from person to
person or from timing of behavioral assessment. Therefore, every suc-
cessful and non-successful reproduction enhances our understanding of
possible SCI treatments. And those studies are important for the clinical
progress in the field.

Notably, treatment of SCI with the microtubule stabilizing drugs
called Epothilone B and Epothilone D has received attention due to the
verification of functional improvement after SCI of two independent
labs (Ruschel et al., 2015; Ruschel and Bradke, 2018; Sandner et al.,
2018). This could have a great impact and push the use of Epothilones
towards a clinical translation since this drug is already FDA approved
and is administered systemically and therefore non-invasive (Vagnozzi
and Silver, 2018). In addition, an earlier study investigating Taxol
which has the same microtubule stabilizing effect as Epothilone was
replicated within the FORE-SCI program by Popovich and colleagues
(Hellal et al., 2011; Popovich et al., 2014). This replication study was
partly successful by showing a reduction of fibrotic scarring and it
clearly demonstrated the importance of communication between the
two labs. The way Taxol was administered played a crucial role on its
effect.

In their recent publication in Experimental Neurology, Oudega and
colleagues replicated a study from Yang et al. (2015) in a rigorous
blinded manner with striking robustness in close cooperation between
their group in Miami and the original lab in Beijing (Oudega et al.,
2019). In the original study, the authors propose a new strategy to
improve regeneration after SCI: implanting a scaffold filled with chit-
osan slowly releasing neurotrophin 3 (NT3) (Yang et al., 2015). The
NT3-chitosan implant promoted neurogenesis in the spinal cord, which
facilitated electrophysiological signaling across the complete lesion and
improved functional recovery. Three main groups to analyze outcome
measures were chosen. After complete transection and removal of a
5 mm piece of the thoracic spinal cord, a chitosan tube slowly releasing
NT3 was implanted into the spinal cords of one group with comparison
to control groups without treatment or with an empty chitosan tube
implanted. One year after lesion, newly formed neuronal tissue was
only found in the NT3-chitosan treated group, whereas there was little
tissue formation in the empty tube group. In the lesion only group, the
gap was filled with scar like and cystic tissues. The neuronal tissue in
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the NT3-chitosan group led to a functional improvement tested with the
BBB score from 4 weeks after injury up to a ten times increase by one
year after injury (Basso et al., 1995). In the control groups, the score
was not higher than 1.5 one year after injury, with a score of 1 corre-
sponding to slight movement of one or two joints. Furthermore, elec-
trophysiological signals were only recorded in the treated group at
several time-points after lesion. In an additional study, the investigators
proposed an underlying mechanism based on a transcriptional analysis
of the injured spinal cord which revealed enhanced vascularization and
a suppressed inflammatory immune response in the NT3-chitosan
treated groups (Duan et al., 2015).

In the replication study, Oudega and colleagues chose to repeat the
transection-only group, the group with the NT3-chitosan implant and
added laminectomy-only as an additional control group. They analyzed
the effect of the NT3-chitosan implant three month after injury and
validated the behavioral, electrophysiological and anatomical results.
Altogether they found that treatment with the NT-3 releasing chitosan
tube enhanced motor function, electrophysiological signals across the
lesion and the formation of neuronal tissue, replicating these outcome
measures of the original study. The experiments were carefully de-
signed to undergo a blinding strategy; specifically, rats were identified
with microchips. All outcome measures including functional, electro-
physiological and anatomical assessment were performed blinded. Only
for analysis, rats were sorted into their respective groups.

The overall success of the replication is based on the close interac-
tion with the group of the original study. Nevertheless, looking in detail
not all data were reproduced completely. The results of the BBB score
were lower in the replication study compared to the original study. In
the original study the NT3-chitosan group showed an improvement of
mean BBB score at four weeks with a steady rise for up to a year. One
year post injury the BBB score was 11.4-12.2, corresponding to fre-
quent to consistent weight supported plantar stepping of the hindlimbs.
In the replication study, the rats were only tested at 3-month post in-
jury. At that time-point, the control group without a chitosan scaffold
remained at a score around 0 and the laminectomy only group had a
BBB score of 20, which indicates almost normal walking. The NT3-
chitosan group had a mean BBB score of 2.0, with extensive movement
of one joint or extensive movement of one joint and slight movement of
one other joint. At this time point, the original study reported a score
above 7, respective to extensive movement of all three joints.
Nevertheless, the groups in Beijing and Miami confirmed in-
dependently, that the treated group performed better in overground
walking than the transection-only group.

Generally speaking, replication of behavioral data is complicated
and the robustness is low. That means small changes in the behavioral
assessment can have a big impact on the outcome. For example, the rats
were housed under different conditions (in groups) as compared to
single housing in the original study. Moreover, the replication study
only tested behavioral outcome at three months post-injury, whereas in
the original study hindlimb motor function was tested weekly.
However, the overall outcome that hindlimb function could be en-
hanced to some extent is in accordance with the original data.
Altogether, the replication was a rare success and therefore holds great
promise in the future for the use of an NT3-chitosan treatment.

Recently, the Li lab could provide more evidence of the effectiveness
of this treatment and went a step closer towards a clinical study: the
NT3-chitosan treatment has also proven effective in a monkey model of
SCI (Rao et al., 2018). This study investigated the effect of the NT3-
chitosan implant in hemisectioned monkeys and the authors observed
striking long-distance axon regeneration across the lesion and func-
tional improvement.

It will be interesting to see whether the treatment will further de-
velop and be supported in a clinical stage. The NT3-chitosan treatment
is an invasive procedure. People with spinal cord injuries would have to
undergo surgery which in the end could harm more than it helps. This
treatment ultimately promotes endogenous stem cell proliferation.
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However, compared to other attempts of promoting regeneration by
implanting exogenous stem cells, this method may have a reduced risk
of side effects like tumor formation (Assinck et al., 2017).

The current study underlines the importance of replicating studies
in the spinal cord injury field. These studies are underestimated and
should be supported more. To aim at the main goal to help people with
spinal cord injuries and to bring developments in preclinical research to
a clinical trial, it is a must to invest in this kind of studies.

In summary, the study by Oudega and colleagues is a very carefully
planned and time-consuming study that relied on direct communication
and interaction among the two labs. Thereby, the study managed to
replicate previous findings in the field. In the future, these findings
should be taken as an example and motivate other scientist to re-
produce data which could have a clinical implication but also to share
data and make preclinical SCI research more robust (Callahan et al.,
2017).
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