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ABSTRACT OF THE THESIS

Fibroblast Mitochondria Dysfunction in Charcot Marie Tooth 2B
Peripheral Sensory Neuropathy

by

Mingzheng Hu

Master of Science in Biology

University of California San Diego, 2021

Professor Chengbiao Wu, Chair
Professor Gen-sheng Feng, Co-Chair

Charcot-Marie-Tooth type 2B (CMT2B) is a rare inherited autosomal dominant axonal
neuropathy of the peripheral sensory system. The disease is characterized by sensory loss, muscle
weakness, and atrophy in the body's periphery. Genetically, CMT2B is caused by mutation(s) in
Ras-related protein Rab7, a GTP-binding protein that is fundamental for regulating endocytic
pathways and trafficking. Recent studies suggested that Rab7 was also associated with
mitochondria structure and function. Therefore, our group is interested in studying the link
between mitochondrial morphology and the degeneration of the sensory fibers in CMT2B.

We generated a Rab7V%2M knock-in mouse model and obtained all three genotypes: wt
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(+/+), heterozygote (KI/+), and homozygote (KI/KI). I cultured mouse embryonic fibroblasts
(MEFs) for all genotypes and analyzed their mitochondria morphology. | found that the
mitochondria in the mutant mice were fragmented, while the wild-type mitochondria were
filamentous. One potential explanation is that Rab7 mutation(s) increased dynamin-related protein
1 (DRP1) activity, a critical regulator that promotes mitochondrial fission. To test this, we found
that the DRP1 inhibitor, Mdivi-1, rescued excessive mitochondrial fragmentation. Furthermore,
the Rab7 inhibitor, CID, also showed a rescuing effect. We thus conclude that the CMT2B
mutation(s) increased the Rab7 activity, leading to enhanced DRP1 activity. As a result, the

mitochondria became extremely fragmented in CMT2B.
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Introduction

Charcot-Marie-Tooth (CMT) Type 2B peripheral neuropathy (CMT2B) is an autosomal
dominant disease. The onset of the disease ranges from 13-30 years (Auer-Grumbach, De Jonghe,
et al., 2000; Auer-Grumbach, Wagner, et al., 2000). The patients frequently suffer from prominent
neurological and muscular degenerations characterized by distal weakness and wasting, and
apparent sensory loss leading to hyperkeratosis (Auer-Grumbach et al., 2003; Auer-Grumbach, De
Jonghe, et al., 2000; Auer-Grumbach, Wagner, et al., 2000; Barisic et al., 2008; Bennett & Chance,
2001). In severe cases, patients develop foot ulcerations that may eventually require amputation
of the distal lower limbs (Auer-Grumbach et al., 2003; Auer-Grumbach, De Jonghe, et al., 2000;
Auer-Grumbach, Wagner, et al., 2000; Barisic et al., 2008; Bennett & Chance, 2001).

Mutations in Ras-related protein Rab7, a GTP-binding protein, were the causes of CMT2B
(Cogli et al., 2009; Kwon et al., 1995; Meggouh et al., 2006; Verhoeven et al., 2003). Researchers
have identified that there are five missense mutations at four different residues: L129F, V162M
(Manganelli et al., 2012; Verhoeven et al., 2003), N161T (Houlden et al., 2004), N1611 (Wang et
al., 2014) and K157N (Meggouh et al., 2006). Moreover, a recent study revealed a new Rab7
variant (c.377A>G, p.K126R) in one Italian family (Saveri et al., 2020). Interestingly, unlike
CMT2B patients with the five known mutations in Rab7, patients with the K126R mutation
showed a predominant motor phenotype with little sensory involvement (Saveri et al., 2020).

Rab7 plays a critical role in regulating endocytic pathways (Stenmark & Gillooly, 2001;
Stenmark & Olkkonen, 2001). Rab7 resides in late endosomes/lysosomes that contain many acid
hydrolase enzymes (Bucci et al., 2000). By cycling between an active, GTP-bound form and an
inactive, GDP-bound form, Rab7 regulates aggregation and fusion of late endosomes/lysosomes

(Bucci et al., 2000). Thus, Rab7 contributes explicitly to the regulation of the cell's degradation



machinery, including the late endosomes, the lysosomes, and the autophagic vacuoles (Bucci et
al., 2012; Bucci & De Luca, 2012; Bucci et al., 2000; Cogli et al., 2009; Cogli et al., 2010; Cogli
et al., 2013; Colecchia et al., 2018; Liu & Wu, 2017; Zhang et al., 2013). The CMT2B-associated
Rab7 mutations: L129F, V162M (Verhoeven et al., 2003), N161T (Houlden et al., 2004), and
K157N (Meggouh et al., 2006), N1611 (Wang et al., 2014) all occur within the highly conserved
residues close to the GTP-binding pocket (Cogli et al., 2009; Cogli et al., 2010). These mutations
may loosen the regulation of the GDP to GTP exchange by Rab7 guanidine-exchange factor
(Rab7GEF), thus making them more prone to binding to GTP and to remain in the activated form
for a prolonged period within the cell (McCray et al., 2009; Saxena et al., 2005; Spinosa et al.,
2008; Zhang et al., 2013). Active Rab7 mutants result in aggregation and fusion of late
endosomes/lysosomes (Bucci et al., 2000). For example, they produce enlarged endosomes in Hela
cells, some as large as 10um in diameter (Bucci et al., 2000). Furthermore, growth factor
withdrawal induces activation of Rab7 that contributes to cell death (Rosales et al., 2009).
Therefore, CMT2B Rab7 mutants may disrupt normal cellular trafficking, signaling, and function
(Saxena et al., 2005; Spinosa et al., 2008; Zhang et al., 2013).

Rab7 plays a crucial role in regulating endocytic trafficking. Given that Rab7 is highly
conserved and ubiquitously expressed in all cells, including all types of neurons (Bucci et al., 2000),
it is incredibly intriguing that CMT2B-associated Rab7 mutations, except K126R (Saveri et al.,
2020), appear to predominantly afflict peripheral sensory neurons in the patients (Ponomareva et
al., 2016; Suter & Scherer, 2003). One plausible explanation is that these neurons tend to have
extremely long axons (Bucci et al., 2012; Cogli et al., 2009; Liu & Wu, 2017), and the wellbeing
of mitochondria is exceptionally critical for maintaining the structure and function of these long

axons (Cogli et al., 2009; Schiavon et al., 2021; Zhang et al., 2013; Zhao et al., 2012; Zhou et al.,



2019). Thus, it is not surprising that alterations in mitochondrial motility, morphology, and
function are intimately associated with CMT peripheral neuropathy (Cantarero et al., 2021). Their
correlation is further evident by dominant inhibitory mutation(s) in the mitochondrial fusion
protein mitofusin 2 (MFN2) (Filadi et al., 2018; Li et al., 2019) are associated with CMT2A
peripheral neuropathy (Baloh et al., 2007; Fenton et al., 2021; Franco et al., 2020; Zhou et al.,
2019).

Recent studies have also suggested that Rab7 plays an essential role in regulating
mitochondrial structure, motility, and function(Zhao et al., 2012). Rab7 was co-immuno-
precipitated with the mitochondrial fusion protein MFN2 (Zhao et al., 2012). Current studies have
also indicated that Rab7 regulates phosphorylation of dynamin-related protein 1 (DRP1) (Pan et
al., 2020), and increased phosphorylation of DRP1 (pS616) promotes mitochondrial fission
(Galvan et al., 2019; Kim et al., 2016; Roe & Qi, 2018). Furthermore, Rab7 CMT2B mutation(s)
increased tethering between lysosomes and mitochondria, leading to changes in mitochondrial
morphology and reduced mitochondrial mobility (Wong, Kim, et al., 2019; Wong, Peng, et al.,
2019; Wong et al., 2018). Interestingly, Rab7 is also involved in the translation of mMRNAs
encoding mitochondrial proteins, and CMT2B Rab7 mutation(s) markedly decreases axonal
protein synthesis, impairs mitochondrial function, and compromises axonal viability (Cioni et al.,
2019). These studies have provided significant insights into the potential pathogenic mechanisms
by which Rab7 mutation(s) leads to peripheral sensory neuropathy in CMT2B.

However, most of the current studies employed transient overexpression of Rab7
constructs in immortal cell lines, which significantly limits the interpretation of these studies to
explain the selective vulnerability of peripheral sensory neurons in human CMT2B patients. In the

present study, we used fibroblasts from a Rab7V'®?M knock-in mouse model to investigate if and



how mitochondrial fragmentation in CMT2B mouse primary embryonic fibroblasts (MEFs) of the

CMT2B mouse model.



Materials and Methods
Ethical Statement

All experiments involving the use of laboratory animals have been approved by the
Institutional Animal Care and Use Committee of the University of California San Diego. Surgical
and animal procedures were carried out strictly following the NIH Guide for the Care and Use of
Laboratory Animals.
Reagents and antibodies

10x Hanks' Balanced Salt solution (HBSS), 2.5% Trypsin (10x), 100x Penicillin-
Streptomycin were all purchased from Invitrogen. MEM containing GlutaMAX was from Thermal
Fisher. DMEM containing high glucose (4.5g/L) was from (ThermoFisher). FBS was from
Mediatech Inc (Cat# 35-010-CV). 0.1% Poly-L-Lysine (Cultrex® Poly-L-Lysine) was from
Trevigen (Gaithersburg, MD; Cat# 3438-100-01). All other chemicals and lab wares were from
Bio-Rad, Fisher, Sigma, VWR.

Mito Tracker™ Red FM (ThermoFisher, Cat#M22425) was purchased from Invitrogen
(Carlsbad, CA).

Mdivi-1 was purchased from MedChemExpress (Cat# HY-15886). CID 11067700 was
from Sigma.
Rab7V162M knock-in mouse model

We have made a knock-in mouse model (C57BL6) for CMT2B by changing 484G to A
(V162>M) in Rab7 Exon 5. We introduced the mutated allele into the mouse genome, together
with the selection marker NeoR and two LoxP sites. The LoxP sites will facilitate studies in which
selective deletion of the mutated allele is needed using Cre. We test their genotypes using the PCR

primer pair. The wt gives rise to a 373 bp fragment while the mutant allele (Rab7V162M: Neo)



produces a 490 bp. We obtained all three genotypes: wt (+/+), heterozygote (KI/+), and
homozygote (KI/KI) with a typical Mendelian segregation ratio. Both the KI/+ and KI/KI pubs
survive to full adulthood.
Skin fibroblasts culture and maintenance

Abdominal skin tissue was dissected from wild-type, Rab7Vi®?M"* heterozygous, and
Rab7V162MV162M homozygous E18 mouse embryos. Then the tissue was cut with scissors into about
1xImm? small pieces. Following quick rinses in HBSS with 1% P/S, the skin tissue was
dissociated in 0.25% Trypsin with mg/ml collagenase at 37°C for 30 mins. And then, DNase I (1
mg/ml, final concentration) was added to skin tissue. Fibroblasts were isolated and loaded in the
plating medium (High glucose DMEM with 15% FBS, 1% P/S). Half of the medium was replaced
the following day and then every other day until the conclusion of the experiments.
Measurement of mitochondrial morphology and movement

Mito Tracker™ Red FM was diluted into MEM. Skin fibroblasts were treated with a final
concentration of 50 nM of Mito Tracker at 37°C for 30 mins. After quick rinses, the cultures were
imaged live under a 63X objective lens with a zoom 1.6X using a Leica DMIi8 Live Imaging
Microscope. The analysis and quantification of mitochondrial morphology were carried out as
described previously (Valente et al., 2017).
Mdivi-1 treatment

For fibroblasts treatment, Mdivi-1 was diluted into high-glucose DMEM to the final
concentration of 50 uM and applied to RAB7V62MV162M fihroplast cultures. After incubation at
37°C for 30 mins, fibroblasts were treated with Mito Tracker ™ Red FM and live imaging as
described above.

CID1067700 treatment



CID1067700 was diluted into high-glucose DMEM and applied to RAB7V162M/Vi62M
fibroblast cultures at the final concentration of 1 uM and 10 uM. After incubation at 37°C for 30
mins, fibroblasts were treated with Mito Tracker ™ Red FM and live-imaging. DMSO (1%, final
concentration) was applied to the medium as the control treatment.

Quantification of mitochondrial size, network

We used the Mitochondria Analyzer plugin in ImageJ for mitochondrial analysis. First,
each image was classified into different levels of fragmentation according to the visual perception
(Figure 1A) because even the same genotype fibroblasts had a variance in their degree of
fragmentation.

Then, we used the 2D Optimize Threshold command to determine the optimal parameters
for samples under different conditions. Blocking size of 1.05/1.25/1.45 microns and C-value of
5/9/13 were applied for level 1, level 2, and level 3, respectively. The block size relates to the size
of the object of interest, while the C-value helps remove noise and subtract background (Chaudhry
et al., 2020). Next, we used the Threshold command to threshold each image based on the
corresponding parameters and used the Analysis command to analyze the binary images per
mitochondrion basis. The area was measured in um?, which revealed the size of the mitochondrion.
The aspect ratio was calculated as the ratio of maximal over minimal diameter (length over width),
which reflected its shape. Branch junctions (Figure 1B) represented the points where two or more
branches in the mitochondrion's skeleton connect (Chaudhry et al., 2020). The number of branch
junctions reflected the complexity of the mitochondria network.

Note that only mitochondria larger than 100/70/40-pixel units were considered in those

three conditions, respectively, to remove noise further. Finally, plot the averaged area, aspect ratio,



and the number of branch junctions per mitochondrion for each genotype and plot the frequency

distribution for each characteristic of the three different genotypes.

10pum
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Figure 1. lllustration of different levels of fragmentation and example of branch junctions.

A. Level 1 of fragmentation, most of the mitochondria were filamentous and almost no
fragmentation.
Level 2 of fragmentation, some mitochondria were tubular, while others were dotted.
Level 3 of fragmentation, most of the mitochondria were fragmented, the highest level of
fragmentation.

B. Here are examples of branches and branch junctions.

Statistical analysis
One-way ANOVA was used to determine any significant differences between means of

three or more groups. We presented the population means with the standard errors of the mean,

shown as Mean + SEM.



Results:

A. Mitochondria morphology in different genotypes
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Figure 2. Mitochondria morphology for all three genotypes.

A. Here are the raw images for the three genotypes taken under live imaging microscopy.
We adjust the brightness and contrast to distinguish the fluorescent signal from its
background.

B. Quantification and comparison of the mean area, aspect ratio, and the number of branch
junctions per mitochondrion for the three genotypes. The significant differences between
groups were shown, with P-values less than 0.0001. There were 46 images for wild-type,
40 images for Rab7V1¢2M* heterozygote, and 47 images for Rab7V162M/V162M homozygote.

C. Here are the frequency distributions of the area, aspect ratio, and the number of branch
junctions per mitochondrion. There were 23,250 mitochondria involved in wild-type,
22,947 in the Rab7V162M* heterozygote, and 28,936 in the Rab7V162MV162M heterozygote.



For mitochondria size and shape, we observed that the mitochondria in wild-type MEFs
were generally larger and more filamentous/tubular. In comparison, the mitochondria in
Rab7V162MV162M homozygous MEFs were usually smaller and more fragmented/dotted. The size
and shape of mitochondria in Rab7V%?M"* heterozygous MEFs were in the middle of them (Figure
2A). The quantification after ImageJ processing was consistent with the visual perception. The
wild-type mitochondria had the largest mean area (1.0136 + 0.0081) and mean aspect ratio (2.9601
+ 0.0119). In contrast, the Rab7V62MV162M homozygous mitochondria had the smallest (0.7823 +
0.0049 for the mean area; 2.4908 + 0.0085 for the mean aspect ratio), and the Rab7V62M/*
heterozygous mitochondria had the medium size and shape (0.8898 + 0.0072 for the mean area;
2.6310 £ 0.0104 for the mean aspect ratio; Figure 2B). All the differences were significant, with
P-values less than 0.0001.

As for the mitochondrial network, it was difficult to identify their differences visually, so
we chose a characteristic, the number of branch junctions per mitochondria, to reflect the
complexity of the mitochondria network. A more significant number of branch junctions per
mitochondrion indicated a more complex network and vice versa (Figure 1B). We found that the
number of branch junctions per mitochondrion was greater in wild-type mitochondria (0.3828 +
0.0078) and smaller in Rab7V62MV162M homozygous and Rab7V162M* heterozygous mitochondria
(0.1987 + 0.0042 for homozygote; 0.2931 + 0.0067 for heterozygote; Figure 2B). The result
indicates that mitochondria in the wild-type fibroblasts formed more complex networks, while the
mitochondria in the homozygous or heterozygous fibroblasts formed less complicated networks.
All the differences were significant, with P-values less than 0.0001.

To further demonstrate mitochondria morphology, we plot the distribution of the area,

aspect ratio, and the number of branch junctions for all the mitochondria in each genotype. We
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analyzed their frequency distribution because there was a variance within each genotype, which
means not all the wild mitochondria were perfectly filamentous, and not all the mitochondria in
homozygote were perfectly dot-like. The frequency distribution plot was consistent with our earlier
results.

In terms of their size, the wild-type MEFs had a higher percentage of relatively large
mitochondria (area > 0.8 pum?). In comparison, Rab7Vi2MV16&2M homozygote and Rab7Vi62M+
heterozygote had a higher percentage of relatively smaller mitochondria (area < 0.8 pm?; left panel
in Figure 2C). As for their shape, the wild-type MEFs had a higher percentile of relatively more
filamentous mitochondria (aspect ratio > 3). In contrast, Rab7V1®?MV16&2M homozygote and
Rab7V16?M* heterozygote had a higher percentile of relatively more fragmented mitochondria
(aspect ratio < 3; middle panel in Figure 2C). In addition, the wild-type MEFs had a higher
proportion of branched mitochondria (>1 branch junctions), while the Rab7V162M/Vie2M
homozygote and Rab7V1?M"* heterozygote had a higher proportion of unbranched mitochondria (0

branch junction; right panel in Figure 2C).
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B. Mutant Rab7 led to mitochondria fragmentation by enhancing DRP1 activity.
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Figure 3. Mitochondria morphology for Mdivi-1 treatment.

A. Here are raw images for Rab7V162MV162M homozygote, DMSO only, and Mdivi-1
treatment, taken under live imaging microscopy. We adjusted the brightness and contrast
to distinguish the fluorescent signal from its background.

B. Quantification and comparison of the mean area, aspect ratio, and the number of branch
junctions per mitochondrion for the three groups. The significant differences between
them were shown, with P-values less than 0.0001. There were 47 images for Rab7
homozygote, 34 images for DMSO only, and 40 images for Mdivi-1 treatment.

C. Here are frequency distributions of the area, aspect ratio, and the number of branch
junctions per mitochondrion. There were 28,936 mitochondria involved in Rab 7
homozygote, 28,050 in DMSO only, and 23,251 in Mdivi-1 treatment.
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A. Here are raw images for Rab7V162MV162M homozygote, 1 uM CID, and 10 uM CID
treatment, taken under live imaging microscopy. We adjusted the brightness and contrast
to distinguish the fluorescent signal from its background.

B. Quantification and comparison of the mean area, aspect ratio, and the number of branch
junctions per mitochondrion for the three groups. The significant differences between
them were shown, with P-values less than 0.0001. There were 47 images for
Rab7V162MV162M homozygote, 36 images for 1 uM CID treatment, and 40 images for 10

UM CID treatment

C. Here are frequency distributions of the area, aspect ratio, and the number of branch
junctions per mitochondrion. There were 28,936 mitochondria involved in
Rab7V162MV162M homozygote, 22,628 in 1 uM CID treatment, and 28,247 in 10 uM CID

treatment.
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After determining the mitochondrial fragmentation in CMT2B, we were interested in how
Rab7 mutation in CMT2B led to mitochondria fragmentation. Recent studies showed that the
knocking down of Rab7 decreased DRP1 phosphorylation and thus decreased DRP1 activity to
induce mitochondria fission (Pan et al., 2020). These studies revealed the ability of Rab7 to
regulate DRP1 activity for mitochondria dynamics. Therefore, we expected that the CMT2B
mutation(s) increased Rab7 activity, leading to enhanced DRP1 activity, and the elevated DRP1
activity led to excessive mitochondrial fragmentation in CMT2B. To test that, we first treated
Rab7V162MV162M homozygous fibroblasts with a Drpl inhibitor, Mdivi-1, and see whether it can
rescue their mitochondrial morphology.

Visually, Mdivi-1 treated mitochondria were more filamentous than Rab7V:62M/Vi62M
homozygous mitochondria (Figure 3A); statistically, the mean area, aspect ratio, and the number
of branch junctions per mitochondrion were all increased significantly after Mdivi-1 treatment (for
area: 1.0352 + 0.0083 after treatment > 0.7823 + 0.0049 before treatment; for aspect ratio: 3.1167
+ 0.0125 after treatment > 2.4908 + 0.0085 before treatment; for number of branch junctions:
0.3155 + 0.0063 after treatment > 0.1987 + 0.0042 before treatment; Figure 3B). All the
differences were significant, with P-values less than 0.0001.

Furthermore, we treated the Rab7V162M/V162M homozygous fibroblasts with Rab7 inhibitor
CID. We tested two different concentrations of the CID: 1 uM (low) and 10 uM (high). The
mitochondria were also visually more filamentous after either low or high concentration CID
treatment (Figure 4A) and the mean area, aspect ratio and number of branch junctions per
mitochondrion were also increased to a certain extent (for area: 0.8532 + 0.0054 in high
concentration > 0.8267 + 0.0058 in low concentration > 0.7823 + 0.0049 before treatment; for

aspect ratio: 2.8844 + 0.0101 in high concentration > 2.6205 + 0.0102 in low treatment > 2.4908

14



+ 0.0085 before treatment; for number of branch junctions: 0.2648 + 0.0049 in high concentration >
0.2260 + 0.0048 in low concentration > 0.1987 + 0.0042 before treatment; Figure 4B). Although
the difference was not obvious visually, we found that the rescuing effect of high CID
concentration treatment was better than that of low concentration, indicated by their quantification.
All the differences were significant, with P-values less than 0.0001.

In addition, the frequency distribution plots of the treated Rab7V62M/V162M homozygous
MEFs also demonstrated the rescuing effect. There was a higher percentage of relatively smaller
(area <0.8 um?), shorter (aspect ratio <3), and unbranched mitochondria (#of branch junctions =0)
before treatments. In comparison, there was a higher ratio of relatively larger (area > 0.8 pm?),
longer (aspect ratio>3), and branched mitochondria (# of branched junctions >1) after treatments
(Figure 3C, 4C).

The negative control for both CID and Mdivi-1 treatments was DMSO, a common solvent
for drugs. The mitochondria for DMSO treatment only were fragmented (Figure 3A, middle panel).
Their mean area (0.7186 + 0.0048), aspect ratio (2.5362 + 0.0088), the number of branch junctions
(0.1616 + 0.0038), and their frequency distribution were similar to that of untreated
Rab7V162MV162M homozygous mitochondria (Figure 3B, 3C, middle panels). The DMSO data
indicated that only adding the solvent did not cause any changed to mitochondria morphology and

that the inhibitors were responsible for the rescuing effect.
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Discussion

In the present study, we explored mitochondrial fragmentation and its possible mechanism
in CMT2B. Using Rab7V1%? knock-in mouse model and rescuing treatments, we confirmed
fragmentation in CMT2B fibroblasts and showed that mutant Rab7 was associated with increased
DRP1 activity, leading to mitochondrial fragmentation.

CMT2B is an inherited autosomal dominant disease. Recent studies have shown that
mutations in the Rab7 small GTPase led to CMT2B (Cogli et al., 2009; Kwon et al., 1995;
Meggouh et al., 2006; Verhoeven et al., 2003). Rab7 plays a vital role in regulating endocytic
pathways and endocytic trafficking (Bucci et al., 2000; Stenmark & Gillooly, 2001; Stenmark &
Olkkonen, 2001). By recycling between an active, GTP-bound form and an inactive, GDP-bound
form, Rab7 regulated aggregation and fusion of late endosomes/lysosomes (Bucci et al., 2000).
The CMT2B-associated Rab7 mutations may loosen the regulation of the GDP to GTP exchange
by Rab7 GEF (McCray et al., 2009; Saxena et al., 2005; Spinosa et al., 2008; Zhang et al., 2013).
In addition, mutant Rab7 predominantly affects peripheral sensory neurons in the patients
(Ponomareva et al., 2016; Suter & Scherer, 2003). One plausible explanation is that these neurons
tend to have extremely long axons (Bucci et al., 2012; Cogli et al., 2009; Liu & Wu, 2017). Given
that the wellbeing of mitochondria is also highly critical for maintaining the structure and function
of these long axons (Cogli et al., 2009; Schiavon et al., 2021; Zhang et al., 2013; Zhao et al., 2012;
Zhou et al., 2019). Thus, it is not surprising that alterations in mitochondrial motility, morphology,
and function are intimately associated with CMT peripheral neuropathy (Cantarero et al., 2021).
Therefore, our group is interested in studying the mutant Rab7 effect on the CMT2B mitochondria.

Recent studies have shown that the Rab7 mutations led to the enlargement of mitochondria
(Cioni et al., 2019) or shown that Rab7 mutations caused a decreased rate of mitochondrial fission
(Wong et al., 2018). These studies utilized transient overexpression of Rab7 constructs in immortal
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cell lines (Wong et al., 2018) or retinal ganglion cells (Cioni et al., 2019) to study mitochondria
dynamics. However, this method has two potential problems: First, the immortal cells and the
retinal ganglion cells are not physiologically relevant to CMT2B. CMT2B is peripheral neuropathy
that mainly affects the patient peripheral neurons. The immortal cell lines (such as Hela cells) and
the retinal ganglion cells were physiologically distinct from the peripheral neurons. In addition,
immortal cell lines such as cancer cells usually underwent some permanent changes in their cellular
pathways, which might change their gene expression and make them different from the normal
cells. Secondly, we cannot control the ratio of wild-type and mutant Rab7 proteins in this method.
Given that CMT2B is an autosomal dominant disease, the genotype for almost all the CMT2B
patients is Rab7 heterozygote, containing only one mutant Rab7 allele. Therefore, the ratio
between wild-type and mutant Rab7 is exactly 1:1. However, in the transient overexpression model,
the enhanced GFP-labeled wild type and mutant Rab7 cDNASs were cloned into a vector, and then
the cells were transfected with the plasmid (Pan et al., 2020). Therefore, the artificial Rab7 gene
and the endogenous Rab7 gene co-existed and were under different promoters. As a result, it is
impossible to control the ratio of artificial and endogenous Rab7 to mimic the genome in CMT2B
patients. In our experiments, we obtained the fibroblasts from the abdominal area of mouse embryo,
which were primary cells relevant to CMT2B. In addition, we used a Rab7"V*%?M knock-in mouse
model, which directly edits the genome and mimics the ratio of wild-type and mutant Rab7 in
CMT2B patients.

After confirming the mitochondrial fragmentation in CMT2B, we were interested in how
Rab7 mutations in CMT2B led to mitochondria fragmentation. Previous studies have shown that
the knocking down of Rab7 decreased DRP1 phosphorylation at the Ser616 domain, leading to

decreased DRP1 activity (Pan et al., 2020). These studies indicated the ability of Rab7 to regulate

17



the DRP1 activity for mitochondria dynamics. Therefore, we hypothesized that the CMT2B
mutations increased Rab7 activity, leading to enhanced DRP1 activity, which induced extremely
mitochondrial fragmentation.

If the enhanced DRP1 activity in CMT2B led to excessive mitochondrial fragmentation, a
Drpl inhibitor should mitigate mitochondrial fragmentation and thus rescue mitochondria
morphology. We found that the Mdivi-1 treatment for Rab7V162MV162M homozygote mitochondria
recovered their size, shape, and network, indicated by their mean area, aspect ratio, and the number
of branch junctions (Figure 3A, B). In addition, if mutant Rab7 in CMT2B increased the DRP1
activity, a Rab7 inhibitor should decrease the DRP1 activity, also leading to less mitochondrial
fragmentation. We found that both high and low concentrations of CID treatment for
Rab7V162MV162M homozygous mitochondria successfully mitigated mitochondrial fragmentation
and rescued mitochondrial morphology, indicated by their increased mean area, aspect ratio, and
the number of branch junctions per mitochondrion (Figure 4A, B). The results of CID and Mdivi-
1 treatments provided evidence to support our hypothesis that the CMT2B mutations increased
Rab7 activity, leading to enhanced DRP1 activity, and mitochondrial fragmentation is a
consequence of enhanced DRP1 activity.

As mentioned earlier, the genotypes for most CMT2B patients were Rab7 heterozygote,
given that CMT2B is an autosomal dominant disease. However, both the Mdivi-1 and CID in our
study were used to treat Rab7 homozygous MEFs. The reason was that the difference between
wild-type and Rab7V162MV1e2M homozygote was more significant than that between wild-type and
Rab7V182M™* heterozygote. We chose the homozygote because their rescuing effect after treatment
was more prominent. In addition, DMSO, the solvent for the drugs, was the negative control group.

However, the three characteristics for DMSO and homozygote also had significant differences.
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One plausible explanation is that the samples involved in each group are over 20,000. Such a large
sample size made even a tiny difference statistically significant. Our focus here is the comparison
before and after treatment.

Furthermore, there are two possible pathways: Mutant Rab7 can increase DRP1 activity
either by increasing total DRP1 protein expression or by increasing DRP1 phosphorylation, or
both. Further studies should focus on how mutant Rab7 increased Drpl activity. We can use
western blot to assay the DRP1 and phosphorylated DRP1 expression level in pathologic
genotypes to test mutant Rab7 effect on DRP1.

In conclusion, our results presented the excessive mitochondria fragmentation in the
CMT2B-associated mutant mouse embryonic fibroblasts. Furthermore, we demonstrated that
CMT2B mutation(s) increased the Rab7 activity, leading to enhanced Drpl activity. As a result,

the mitochondria became extremely fragmented in CMT2B.

The material in this thesis is currently being prepared for submission for publication. Hu,

Mingzheng; Wu, Chengbiao; Gu, Yingli. The thesis author was the primary author of this material.
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