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Background Methods Results

Workflow
Post-synaptic (AchR)

• Calculate mean fluorescence (MF) of 647 channel 
(BTX) 

• Using MF, Otsu threshold 647 channel (BTX) to 
identify AchR foorprint

Calculate 
• Area 
• Perimeter
• Connectivity
• Complexity (branching)

Presynaptic (SVG + neurofilament)
• Calculate mean fluorescence (MF) of 488 channel 
• Using MF, Otsu threshold the 488 channel to 

identify presynaptic area
Calculate 
• % overlap with AchR
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Abstract 

Background

Methods

Myasthenia Gravis (MG) is an autoimmune disorder caused primarily by
autoantibodies against the Acetylcholine receptors (AchR’s) at the NMJ , but also
against MuSK, LPR4 and other AChR related proteins in the postsynaptic
membrane (Fig 1). In MG patients, the immune-mediated reduction in these
critical NMJ proteins of the skeletal and respiratory muscles leading to muscle
weakness[1].

The neuromuscular junction (NMJ) is a complex synaptic structure linking the
motor nerve to individual skeletal muscle fibers for the regulation of voluntary
contraction. Alterations in post-synaptic NMJ morphology are linked to muscle
contractile deficits in various pathological conditions (e.g., muscular dystrophy,
spinal muscular atrophy, traumatic nerve injury) as well as in aging. In
autoimmune mediated Myasthenia Gravis (MG), NMJ morphology is altered by the
immunologic degradation of the acetylcholine receptors (AchR’s) and the secondary
effects of inflammation. Our work is focused developing NMJ morphology as a
biomarker for the progression of muscle dysfunction in a rat model of MG.

Our current goals are to establish high throughput approaches for
(1) confocal imaging the NMJ (bungarotoxin labeled AchR’s) and motor
nerve/presynaptic structure (SV2 and neurofilament) in histological samples
(2) establishing an image analysis pipeline in Nikon Elements to quantify pre- and
post-synaptic NMJ morphology.

The completion of these goals will establish the NMJ as a biomarker for quantifying
the efficacy therapeutic interventions developed to treat MG.
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E. Establish Semi-automated Analysis in Nikon Elements GA3

D. Establish Semi-automated Imaging with Nikon Elements/JOBS
Initial optimization in mdx model of DMD

A. Muscle Isolation  

B.  Muscle Cryosection 

Therapeutic strategies for MG are being actively developed and the structure 
and properties of the NMJ appear to be effective biomarkers for treatment efficacy. 
Traditionally these measures are accomplished with the help of electron 
microscopy (Fig 1A ) which reveal a great detail for profiling the altered  post 
synaptic structure in the rat passive transfer model of MG (PTMG; passive transfer 
of AChR Abs)[5] . 

Our previous work used confocal microscopy and manual commercial 
analysis (NMJMorph; ImageJ) to identify altered NMJ structure as a negative 
disease modifier in murine Duchenne muscular dystrophy (mdx mouse) [6,7] .

Here we seek to establish a high through-put confocal imaging and analysis 
method to quantify pre-synaptic (via neurofilament and synaptophysin labeling) 
and post-synaptic (via AchR labeling) NMJ morphology as a biomarker to 
support the development of MG therapeutic strategies.

Figure 1: The major structural and signaling proteins at the NMJ[4].  (A) Representative 
electron microscopy image showing ultrastructure of the NMJ. (B) Representative confocal 
microscopy image of fluorescent stain with an acetylcholine receptor binding neurotoxin (α-
Bungarotoxin, BTX, red) [8].

C. Fluorescence Imaging

• Tibialis anterior muscle and other tissues are 
surgically isolated from lower leg and rodent 
is humanely euthanized.

• Tibialis muscle is flash frozen in isopentane 
cooled with dry ice.

• Tibialis anterior muscle is cryosectioned
longitudinally (10um). 

• Sliced air dried to slides and stored at -80 
until use.

• Sections are fixed with 4% paraformaldehyde 
with 1mM EGTA

• AchR are labeled with either α-Bungarotoxin-
(BTX)  568 or 647.

• Presynaptic neurons are identified with Abs 
to synaptophysin and neurofilament using a
Alexa-488 secondary.

• Slides are cover slipped with Prolong Gold 
anti-fade and imaged on a Nikon Ti2 inverted 
microscope equipped with a Nikon C2 
confocal, a PCO fluorescence camera, and 
Nikon Jobs for automation.

Image each slice
The entire slide is 
imaged tiled at 647 ex. 
With a 10x air obj. 

Identify Individual 
NMJ’s NMJ’s flat to 
the field are manually 
identified in each slice 
and location logged

Nikon JOB Method
At each location, with a 40x air 
Obj. and 647 ex. 
Autofocus the NMJ in widefield 
(PCO camera) and take a 
snapshot
Switch to confocal and take image 
z-stack (focal plane +/- 3um, at 
0.25um per step) and using the flat 
plane projection for quantitation.

10X – 4 tissue sections

PCO Edge

Confocal flat plane

PCO Edge

Confocal flat plane

Single section

10X – 4 tissue sections

Single section

Figure 2: Tibialis anterior muscle of mdx 
mice reveals appears fragmented 
compared to those of healthy controls. 

Wild-Type (C57 BL10/J)

mdx (C57 BL10 mdx)

Confocal flat plane
• AchR foorprint
• presynaptic area
• % overlap with AchR

• AchR foorprint
• presynaptic area
• % overlap with AchR

• % overlap with AchR
• Complexity (branching)

Representative Morphological Parameters 

We have thus established a semi-high through put strategy for NMJ analysis.
Our current work is towards validation against previously published work in the 
mdx using manual approaches with NMJMorph (ImageJ Macro). Once validated,  
this platform will support our project with Alexion Pharmaceuticals to establish 
NMJ morphology as a biomarker of MG severity and treatment efficacy 
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