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01 – 03 Functional Anatomy of the NS 

Methods in Neuroscience 
- Concepts in science are based on observations, experiments and data 

- Observations and data depend on the methods by which they were obtained 

- Methods change with technological progress  –>  Knowledge changes over time 

Methods in Neuroscience relate to: 
- 1. Structures: from proteins, organels & cell types to cicuits, brain & nerves 

- 2. Functions: from channels & cells to circuits & behavior 

- 3. Experimental manipulations 

- 4. Pathological features 

1. Structural analysis 

Organ level: 

- X-ray, CT:  

o only bone, cartilage, blood vessels 

o by contrast agents: Tumors, vascular malformations, inflammatory foci) 

-> rather limited 

- MRI (magnetic resonance imaging): 

o Soft tissues including grey/white matter, fiber tracts, etc, 

o fMRI: see below (functions) 

- PET (positron emission tomography): 

o Localization of specific receptors, binding components, etc. 

o Or blood flow & metabolism by positron-labelled ligands 

Circuit & cellular level: 

- Classical histology incl. silver impregnations 

o For nerve cells & fibers 

o In fixed post-mortem brain tissue single cells are visible 

- Tracing of fiber connections 

o By dyes that are transported in axons anterogradely or retrogradely 

- Dye filling of single cells (by electrodes) or virus infection with marker virus 

- Immuno-staining’s for specific antigens: 

o Nestin: Precursor cell 

o Neurofilament: Neurons 

o Glial fibrillary acidic protein (GFAP) : Astrocytes 

o Neurotransmitters etc. 

- Transgenic animals with marker expression (GFP, YFP) 

o Driven by cell-type or protein-specific promotors 

Ultrastructural and molecular analysis: 

- Electron microscopy, 3-D cyro-electron tomography (s-3- reconstructions) 

o Cells, synapses, organels 

- NMR & X-ray structural analysis 

o Proteins, channels, protein complexes 

2. Functional analysis 

Behavior: 

- Animals: Locomotion, skilled movements, cognition/memory, emotional reactions etc. 

- Humans 

- Pathological conditions (neuro-psychiatric diseases), pharmacologic challenges 
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Functions of brain areas, circuits: 

- fMRI (functional MRI) 

o non-invasive -> human & animals 

o blood flow/volume, BOLD (blood oxygenation level dependent contrast) are increased in 

zones of activity 

o Resolution: sec! 

- PET:  

o Metabolism, blood flow, biochemical changes, etc. 

o Resolution: mm 

- EEG (electro encephalography 

o From scull surface, sum potentials 

o Resolution: msec (!), cm 

- 2-photon microscopy (=high resolution laser scanning fluorescence microscopy) 

o Calcium indicators 

o voltage-sensitive dyes: single cell or circuit activity 

Neurons, fibers and fiber tracts, channels: 

- Electrophysiology: 

o Sensory evoked potentials, stimulations & recordings 

o Action potentials, field potentials (of groups of neurons) 

o Excitatory (EPSP) or inhibitory (IPSP) postsynaptic potentials 

o Patch clamp and intracellular recording: Channel conductance’s 

- Visual recording of neuronal activity: 

o By calcium- or voltage sensitive dyes & laser scanning microscopy in vitro & in vivo (through 

implanted scull window) 

3. Experimental manipulations 
- Pharmacology (act on synapses) 

- Electrical or magnetic stimulation or silencing of areas 

- Lesions, transplantations 

- Genetic manipulations (KO, overexpression of specific proteins) 

- Optogenetic & chemogenetic techniques: 

o Artificial light or chemically gated channels that excite or silence specific neurons which 

have been transfected with the respective channel construct (e.g. by virus-mediated 

transfection) 

Functional anatomy 
Only an overview – see also previous semesters 

CNS = Brain + spinal cord, (+ retina) 

PNS: peripheral nerves, mostly mixed: motor, sensory, 

autonomic  

(=vegetative, = sympathetic + parasympathetic) 

Ganglia = accumulation of nerve cells 

- Sensory ganglia (= dorsal root ganglia) 

- Sympathetic ganglia (in sympathetic chain) 

- Parasympathetic ganglia (close to end-organs) 

- Enteric ganglia: nervous system of the gastro-

intestinal tract, in the tract wall 
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Autonomous = vegetative system 
 

Sympathicus:  

fight & flight 

- Maximal performance 

- Stress 

Thoracic & lumbar 

 

Parasympathicus: 

rest and digest 

- Relaxation 

- Recovery 

Cranial & Sacral 
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Subdivisions of the brain 

  

Somatotopic organization of motor & sensory cortex: 

Homunculus 

- Somatotopic organization 

- Face & hand are highly represented -> important 

       

Cortex: cognition, conscious perception 

Spinal cord: Reflexes: automated motor reactions to 

sensory stimuli, e.g. stretch reflex, pain reflexes 

Somato-sensory System, Pain 
- Proprioception from muscle:  

o Muscle spindles: passive stretch: Ia/Aα-fibers (Aα speed: 50-120 m/s) 

o Golgi-tendon organs: Active contraction: tension: Ib/ Aα fibers 

- Mechano-sensation: in skin, joints, etc. 

o Type: II/ Aβ (slightly slower) 

- Temperature: cold/warm (relative to bodytemperature) 

o Type III, IV, Aδ, C 

- Pain: 

o Acute: Aδ = III 

o Chronic: C= IV (very slow) 

Ascending sensory system 

1. Dorsal column pathway: sensation of proprioception & mechanoception 

No direct path (2 relays -> 3 neurons) 

1.Relay: crosses midline in medulla -> first synapse in the brain stem 

2.Relay: Thalamus 

 Somato-sensory cortex (S1) 

o Homunculus of S1 is very plastic  (e.g. finger amputation: maps can change over time) 

2. Antero-lateral spino-thalamic system for pain and temperature 

1.Relay in spinal cord 

2.Relay: Thalamus 

 Primary somatosensory cortex, insular cortex 

Pain 

- Nociceptive pain (mechanic stimuli, acid, temperature) 

- Inflammatory pain (wounds, inflammatory factors) 

- Neuropathic pain (malfunction of the pain system in CNS or PNS) 
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Voluntarily suppress/modify pain system: 

- Endogenous opoids (act on opoid receptor): neuropeptides 

- Natural ligands for morphin receptors 

- Pain suppressive system 

Pain in cortex: 

- Somato-sensory cotrex: pain localization 

- Limbic system: emotional pain 

Vision- Retina 

Embryonic development: 

Retina forms from the floor of the 

diencephalon -> part of the brain 

V1 – primary visual cortex 

~20 visual contents: position in space, 

movement, color, etc. (many aspects are 

processed in diff. regions) 

In two “streams”: 

- Dorsal visual stream (WO):  

          spatial information 

- Ventral visual stream (WAS):  

          emotions, memory:  

          identification of objects 

 

Striate = primary visual cortex: ocular dominance columns (left, right, left, etc.) 

 orientation selective neurons arranged in columns 

 ocular dominance columns for left/right eye 

  



ZF Structure, Plasticity & Repair of the NS  Jennifer Post 

6 
 

Hearing and Balance 

Inner ear 

- high frequencies at base 

- low frequencies at end 

 

 

 

 

 

 

 

- superior olive: sound localization by comparing left/right 

- tonotopic organization of auditory cortex 

- Wernicke Areal: speech recognition, semantic decoding 

 

Smell, Olfaction 
Olfaction is linked directly to 

emotions & memory  

Key sense in mammals 

Can distinguish ~10000 smells 

 

1 receptor type: same glomerulus -> 1 receptor – one cell 

Stem cells for hair/sensory neuron replacement exhaust with age 

 

Pheromones:  

for partner finding & sexual 

behavior 

in accessory bulb 

 

 

 

 

Vestibular Pathway 
Utriculi/saccule -> vestibular nuceli -> Thalamus -> vestibular Cortex  
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Taste 
Structured entirely different than smell 

5 modalities: sweet, bitter, sour, salty, tasty 

= umami (triggered by glutamate) 

-> 5 receptor types: G-protein coupled 

Sensory cells on tongue & pharynx; 

innervated by cranial nerves VII, IX, X 

Motor system 
3 layers of motor control, hierarchical & parallel 

 

- Spinal pattern generator circuit for walking 

(isolated lumbar spinal cord) 

- Primary motor cortex projects to brainstem  

& spinal cord 

Motor control at different levels of the cortex 

supplementary motor area: “library” of action plans 

premotor cortex (Area 6): sensory-motor integration 

primary motor cortex (Area 4): main output system to 

thalamus, brainstem, spinal cord 

Cerebellum 

- mossy fibers end on granule cells 

- climbing fibers excite Purkinje cells 

 Balance and movement coordination 

Cortical input: “blueprints” of action plans relay via mossy fibers 

Spinal & vestibular inputs: position of limbs & body in space relay via climbing fibers 

Output for complex movements: to motor cortex & brainstem 

Output for posture: to brainstem & spinal cord 

Basal ganglia loop 

Input: all cortical areas: to striatum relay in globus pallidus to thalamus back to motor cortex 

 Convergence of multiple cortical inputs: 

- Emotions: motivation (e.g thirsty) 

- Memories (remember to get water) 

- Motor action plans 

- Sensory input 

 Initiation of movement modulated by Dopamine (facilitates repetition of movement) 

o Coccain, amphetamine: too much stimulation -> addiction 

Limbic system: emotions 

- Memory is tightly coupled with emotions 

Modulatory systems: sleep & wakefulness 
Hypothalamic & brainstem nuceli regulate higher brain excitation level & thalamo-

cortical rhythms  
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04 Memory 

The Importance of Association in Information Storage 
Prefrontal Cortex: part of declarative process, working memory (keep phone number for several minutes) 

capacity to save: 7-9 items -> chunking memory to keep more 

Depends on how readily it can be associated with information that has already been stored 

Examples 
Simonedes Method of Loci: Attaching a Memory to a specific location 

Able to remember 100 digits by chunking the information & attaching it to ppl. at diff. locations 

Training is very specific for the particular task 

Chess: grand master recognizes patterns & therefore can reproduce a game better than a normal person 

unless the board is random -> harder for grand master 

Two systems to save information 
Declarative memory: Material which is available to consciousness, can be expressed with language  

(phone number, past event, etc.) 

Nondeclarative (Procedural): not available to consciousness in any detail, automatic activities 

(skills, etc.) 

 

Learning and Memory 
Learning: process by which new information is acquired 

Memory: encoding, storage & retrieval of learned information 

ENCODING – ms 

CONSOLIDATE – s/min (catching the information) 

STORAGE – days/lifetime 

RETRIEVAL (how to get it out again) 

Conditioned Learning 
Pairing a novel stimulus with a stimulus that normally elicits a response -> create a novel response 

- Classical Conditioning: innate reflex is modified by association with unrelated stimulus that will 

eventually trigger the response (Pavlov) 

- Operant Conditioning: association of pressing a lever with receiving food (Skinner’s rats) 

Forgetting 
Very important -> otherwise the brain would be overwhelmed 

- Anterograde amnesia: inability to store new information 

- Retrograde amnesia: forgetting of previously stored information 

Example 
Clive wearing: (see youtube) - Most extensive retrograde amesia 

Can’t remember anything that happened 30s ago, no sense of length of time 

can still play the piano while reading music sheet, but not from memory 

 A lot of damage to the neocortex 
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05 Sensory Systems I – The Eye 

Why do we have 2 eyes? 
Binocular vision -> better 3D vision, but only a tiny space behind a fixated point is single vision 

Predator: eyes looking forward, fovea (point of accurate vision) 

Prey: eyes on side -> panoramic vision, area centralis & a streak 

Anatomy 

3 layers of tissue: 
Innermost: Retina 

Middle: Choroid 

Ciliary body 

Iris 

Outermost: Sclera & Cornea 

Eyes -> Thalamus -> Primary Visual Cortex 

Superior Colliculus: VOR-Reflex, Motor that controls the eye 

movements, saccades, visual map 

 

 

Why is visual cortex at the back of the brain when eyes are in the front? 
When you turn your eyes, images are whizzing over retina, but you know that the room stays still 

 System has to know how much the eyes are being moved, to compensate and stabilize 

 Vestibulo ocular reflex VOR 

Why aren’t the edges blurry and black/white? 
Because we scan our eyes around to get an image,  

but if we fixate on a point the accuracy around falls dramatically 

Density of photoreceptors from fovea 
if you want to look at a star, look next to it (max. of rods) 

 

 

Signal/Noise 
Noise of photoreceptor: kT 

(thermal noise ~4*10-21J) 

Energy of photon: 4*10-19J 

-> energy in the photon is much more than the thermal noise -> we can detect single photons 

Energy of phonon (sound): 2*10-29J 

-> much smaller than noise -> can’t hear down to the limit 
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2 type of cells (Receptive field) 
 

 

 

 

 

Rods and Cones 

Rods    ~6 Mio.    In periphery 
(Black/White) 

Cones    ~100 Mio.    At fovea 
(Color) 

- More sensitive to light but poor spatial 
discrimination 

 Scotopic vision 
- Convergence -> good detector of light 
- One photopigment 
- Night vision (overreaction in daylight) 

- Good spatial discrimination but less 
sensitive to light 

 Photopic vision 
- More accurate due to 1:1 ratio with bipolar 

cells 
- 3 photopigments (short, medium, long) 
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05 Sensory System II – Olfaction 
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07 Motor Systems I 

Neuroanatomical basis of movements (walking) 
Walking pattern varies considerably between individuals (depends on age, sex, height, body weight, etc.) 

Bipedal human gait is smooth, precise, stable, symmetric, rhythmic, coordinated, economical and adaptable. 

Achieved by an optimal interaction between NS, muscles, tendons, ligaments, and bones. 

Organization of neural structures in the control of movement – 4 Systems:  
 

 1. descending modulatory pathways 

 2. basal ganglia 

 3. cerebellum 

 4. Local spinal cord & brainstem circuits 

 

 

 

 

1. Descending systems: Upper motor neurons 

Cell bodies whithin brainstem or cerebral cortex 

Axons descend to synapse with the local circuit neurons or more rarely with the lower 

motor neurons directly 

Initiation of voluntary movements and complex spatiotemporal sequences of skilled 

movements 

Cortex: 

- Corticospinal tract  -> initiate skilled voluntary movement 

(70% cross -> lateral tract, 30% don’t cross -> ventral tract) 

Brainstem: 

- rubrospinal tract  -> complex voluntary movement 

- vestibulospinal tract -> posture 

- reticulospinal tract  -> movement initiation & control 

2. Basal Ganglia 

Suppress unwanted movements & prepare upper motor neuron circuits for the 

initiation of movement 

Typical sign for patients with basal ganglia damage: difficulties in movement initiation. 

Parkinsons Disease 
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3. Cerebellum 

Acts via efferent pathways to upper motor neurons & detects differences between 

intended movement and movement actually performed -> “motor error” 

Patients with cerebellar damage: persistent errors in ongoing movements 

Ataxia 

Shaking is getting worse the closer she gets with her finger to the target (nose) 

4. Local circuits in spinal cord and brainstem & Lower motor neurons 

Local circuit neurons: major source of synaptic input to lower motor 

neurons 

Lower motor neurons: innervate skeletal muscles 

 

 

Two types of lower motor neurons: 

α motor neurons: innervate extrafusal muscle fibers (striated muscle fibers)  

-> generate forces for posture & movement 

γ motor neurons: innervate intrafusal muscle fibers (part of proprioception) 

Motor unit = α motor neuron & innervated muscle fibers 

Diffuse distribution of innervated muscle fibers (doesn’t lose the function if one is missing) 

Small sized, slow (S) motor units: resistant to fatigue -> posture 

Intermediate sized, fast fatigue-resistant (FR) motor units -> walking, running 

Large sized, fast fatigable (FF) motor units -> brief and large forces (jumping) 

Activation of motor units: Henneman Size Principle (S -> FR -> FF) 

Spinal cord circuits 

Spinal cord circuits play an important role in the generation of locomotion 

Spinal reflexes can be used as a window into spinal neuronal networks 

Long distance local circuit neurons (medial): 

o Axons extend over a number of spinal cord segments 

-> coordinate rhythmic movements of upper and lower limbs 

o terminate bilaterally 

-> coordinate maintaining / adjusting posture 

Short distance local circuit neurons (lateral): 

o “short” axons extend <5 segments 

o Terminate ipsilateral (on the same side of the cord as the cell body) 

o Circuits are involved in the fine control of distal extremities 

 

Stretch reflex 

 

Motosynaptic reflex (projects directly on α motor 

neuron) 

A negative feedback loop to regulate muscle lengths 
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Fexion – crossed extension reflex 

Polysynaptic polysegmental reflex 

Withdrawal (flexion) from noxious stimulus 

Ipsilateral: activation of flexors & inhibitors of extensors 

Contralateral: inhibition of flexors & activation of extensors 

 

 

 

Central Pattern Generator 

the CPG is an autonomous network of spinal interneurons producing basic movement 

patterns important for locomotion 

the CPG works independently of sensory feedback and supraspinal control 

but, sensory feedback and supraspinal centres typically modulate the CPG 

cats: able to walk after complete spinal cord lesion 

humans: patient with spinal cord injury in locomotor: measure muscle activity 

-> rhythmic activation without voluntary control -> evidence for CPG in human 

but: if lifted in the air: activation goes away -> evidence that afferent feedback is needed 

Spinal Reflex (SR) 

Polysynaptic SR evoked by below-nociceptive threshold 

Stimulation to tibial nerve 

  

Changes in spinal networks after complete Spinal Cord Inury in human 
- Reflex changes (from early to late component) 

- muscle activity after 10min of training decreases  

 hint that interneurons undergo some changes 

- The better the patients walk the more normal their 

reflex behavior is 

 make patients walk better & hope that the behavior of 

SR will improve 
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Gait disorders in neurology 
- Gait disorders are among the most frequent symptoms in neurology and a risk factor for falls 

- the amount of function decrease says nothing about function after recovery 

Upper – lower motor neuron lesion 
if upper motor neuron is damaged: 

less inhibition from the higher centres on reflexes 

-> spasticity 

can be beneficial for stroke patients 

-> use rigid leg lies a stick 

 

 

 

Assessments of gait in humans 

Perspective 

 

Clinical research 
- Performance 

o measure time or distance 

o most used test in clinical trials 

Limitation: speed tells us nothing about the quality of the gait! 

- Function: WISCI (walking index for spinal cord injury) 

o Scores on what aids they use or not 

Limitation: How does recovery work?  

- Performance & Function: Timed “Up and Go”:  

o stand up, walk, turn, walk back, sit down 

Limitation: performance and function can’t be separately analyzed 

Basic research 
- SD-Gait analysis 

o Considered the gold standard for the assessment of gait 

o Conventional gait parameters: Step length, Joint angles, etc. 

- Gait- Portfolio of neurological disorders 

o Group 200 parameters together 

o Different tasks: normal walking, impaired vision, cognitive task 

 Patients have no angle differences but different Gait Portfolios in different tasks! 

 Single parameter analysis (e.g. angle plots) give only limited insight in mechanisms 

 Combine different parameters to say something about the pathology 

 Different locomotor deficits can be challenged with different locomotor tasks 
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08 Motor Systems II:  

Spinal Cord Injury 
Accidents 

Falls 

Violent felony 

Non traumatic causes (eg Tumors) 

 

50% traumatic – 50% non traumatic (tendency 

increasing due to older population) 

50% sensomotor complete – 50% incomplete 

44% paraplegia – 56% tetraplegia 

most lesions happen on Cervical levels 

Level of lesion: impact on function 
Above level of injury: Function intact 

Below level of injury: Function impaired 

Topography across spinal cord  
Medial motor neurons  

- innervate axial & proximal muscles (postural control & balance) 

- receive input from long distance local circuits 

Lateral motor neurons 

- innervate distal muscles (control of skilled movements) 

- receive input from short distance local circuits 

Neurological level:  

where the spinal cord is affected 

Anatomical level:  

where the bone is broken 

Cervial roots:  

named according to vertebra above 

which they exit (exeption C8) 

Thoracic & lumbar nerve roots: named 

according to vertebra below 

Spinal cord ends at approximately L1-2 

level 

 

Lesion level – upper & lower motor neuron lesion 
Lesion level C2: 

only facial muscles work, highly dependent 

Lesion level C7: 

fine motor control of hands affected, more independent 

Lesion level conus-cauda: 

flaccid paralysis of ankle flexors, walks on crutches 

Person with C4 lesion level after rehabilitation:  can walk alone 

-> only the middle part of the spinal cord is injured: 

-> arms are affected but legs are not 

Motor function (Hand function, walking, 

trunk) 

Sensory function 

Pain 

Bladder, Bowel & sexual function 
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Clinical classification – ISNCSCI 
Assess motor & sensor function 

-> know which tracts are affected and on which level 

Limitation: cannot asses trunk muscles 

Severity of lesion – ASIA Impairment Scale (AIS) 

 

SCI syndromes 
Central Cord Syndrome:  

- only center of SC is affected 

- more weakness in arms than in legs 

- some sensation defects 

Brown-Séquard Syndrome: 

- SC hemisection (one side affected) 

- Ipsilateral loss of proprioception & motor control below lesion level 

- Contralateral loss of pain & temperature sensation 

Anterior Cord Synsrome: 

- Corticospinal & spinothalamic tracts affected 

- Loss of motor function, pain sensation & temperature sensation below 

lesion level 

- Rest of the sensation still intact 

Dorsal (Posterior) Column Syndrome: 

- Disruption of dorsal columns 

- Bilateral loss of touch, vibration sense, proprioception 

- Intact motor function, pain and temp sensation 

-> Voluntary muscle control (can lift weights) but can’t control the 

movement (no proprioception) -> compensates with vision 

Conus Medullaris Synsdrome: 

- Injury of Conus medullaris (L1-L”) 

- Shows upper and lower motor neuron symptoms 

Cauda Equina Syndrome: 

- Injury of lumbosacral nerve roots of cauda equine 

- Flaccid paralysis (reduced muscle tonus) because only lower motor 

neurons affected 
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Assessing the spinal cord 
 

MEP: motor evoked potentials 

VSR: Vestibulo Spinal Reflex 

ASR: Acoustic Startle response 

SSEP: Somatosensory evoked 

potentials 

CHEP: Contact Heat Evoked 

Potentials 

MEP: motor evoked potentials: 

- Tests functional integrity of the pyramidal tract 

- Activate the cortex & measure answer in the target muscle (EG) 

- Can measure  

o latency (how long does it take): increase in latency -> demyelinisation 

o amplitude (how strong is the answer) 

VSR: Vestibulo Spinal Reflex 

- tests the Vestibulospinal Tract 

- electrical stimuli that distracts the balance: how fast can you react? 

ASR: Acoustic Startle Response 

- provides general information regarding sensorimotor processing 

SSEP: Somatosensory evoked potentials 

- tests the integrity of the dorsal column (sensibility) 

- stimuli on peripheral nerve -> measure brain activity 

- latency & amplitude 

CHEP: Contact Heat Evoked Potentials 

- asses integrity spinothalamic tract (pain & temperature) 

- latency & amplitude 

Rehabilitation after SCI 
Accident  ->  Acute care  ->  Rehabilitation  ->  Fallow up 

Priorities of the spinal cord injured population: 
Tetraplegic patients: arm/hand function 

paraplecic patients: sexual function, bladder/bowl function, trunk stability, walking movement 

Locomotion can be relearned, how does it work? 

Neuroplasticity 
- functional or cellular change in the NS 

- in response to specific stimuli 

- Injury of the NS triggers plastic adaptions 

Recovery vs. Compensation 
Recovery: going back to normal 

Compensation: achieve the same task via compensation 
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Acute care & rehabilitation 
 

Task specific training 

->  We must exercise specifically what we want to learn 

-> train walking to regain walking function 

 

 

Manual treadmill training 

- Training duration limited by therapists 

- Two or more therapists needed 

- No optimal control of limbs & joints 

- Motivation 

+ Therapist “feels” activity of patiens -> know if the movement is coming 

from the patient or not 

-> as soon as patients have voluntary control this is the best method 

Robotic supported gait training 

+ Physiological gait pattern can be ensured 

+ Prolonged training duration (limited by patient) 

+ body weight support 

+ repeatable gait pattern (measurements) 

- Activity of the patient not apparent: 

patient can behave passive & can’t be seen from the outside 

current studies on rehabilitation & technological interventions, 

clinical trials of drug, cell, and surgical interventions 

Clinical Trials: 

 

New Rehabilitation & technological interventions 

Epidural stimulation of the lumbosacral spinal cord 

- Epidural electrodes in the spinal cord -> very invasive 

- Patient can voluntarily contract muscles with stimulation (couldn’t without) 

- Can only be applied in patients with incomplete SCI 

Drug or Cell interventions: Bsp Nogo-A 

- Antibody that blocks molecules that hinder the nerve from growing 

- Phase I study was successful (safe) 

- Next step: Pase II study in 2016(double blind) 

Adult or Somatic Neural Stem Cells 

- Apply stem cells in the spinal cord to create neurons, oligodendrocytes & astrocytes 

- Problem: can induce tumor 

- First European stem cell trial in SCI passed phase I study 

(fehlende Folien?)  
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09 Diseases of the CNS: Animal models, Introduction, Stroke 

Animal Models 
In Vivo experiments are needed for development of clinical therapies based on complex animal organisms 

Animal Model = living, non-human animal used during research & investigation of human disease for better 

understanding of the disease without the added risk of causing harm to a human being 

Objective: mimic a biological phenomenon occurring in the human situation  

-> mimic the situation you want to solve 

 Enables the use of invasive methodologies to investigate specific mechanisms of a disese in s 

standardized manner 

Different models of disease 
- Homologous models (ideal model): 

Same etiology (mechanisms that cause disease), 

same symptoms, same treatments 

- Isomorphic models (most used): 

Same symptoms, same treatments 

- Predictive models (to asses safety, not mechanisms): 

Only mimics treatment characteristics of disease, used for drug screenings for a potential 

treatment (safety studies, dose-response curve, etc.) 

- Induced model: A disease or disorder which is caused (induced) by experimental procedure 

 Surgically, chemically, genetically modified animals 

- Spontaneous model: Natural condition 

o Spontaneous mutations leading to the reproduction of a human disorder/disease 

 Db/db mouse (diabetes mouse) 

 Nude mouse (immunodeficient mouse, cancer research) 

o Natural properties of animal species (successful mutation (advantage for species)) 

 Naked mole rat: lacking Substance P (nociception) 

 Axoloti: regenerative potential 

Choice of an Animal Model 
Objective of project -> biological system of investigation (i.e. immune system,…) 

Taxonomic equivalence of model system to human system 

Practical aspects: published information, costs, ethical considerations, availability, etc. 

Rat model 

Used to mimic fine skilled motion with transection of corticospinal pathway 

-> mimic stroke situation where fine skilled motion is impaired 

Non-human primate model 

More valuable because primates are closer to humans 

Morphological & physiological homology of systems 

Miracle Mike: headless chicken still able to survive & walk, most of brainstem intact 

Cat: walking without cortex -> key structures for walking in the brainstem 

 Neocortex changed substantially during evolution of species whereas other brain areas (like 

brainstem) stayed more similar 
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Diseases of the CNS 
Most structures of our body display high capacity for tissue regeneration & compensation  

(Bone fracture, skin incision, muscle scissor, etc. / can survive with 1 kidney / PNS: capable of regeneration) 

The CNS has only a limited capacity for regeneration & plasticity 

Why?  -> Stabilization of networks: changing connections, aberrant connections 

Neurodegenerative diseases: 

- Altzheimer’s Disease (AD) 

- Parkinson’s Disease (PD) 

- Amyotrophic Lateral Sclerosis (ALS) 

- Huntington’s Disease (HD) 

Traumatic insults: 

- Concussion 

- Spinal cord injury 

Neuroinfectious diseases: 

- Meningitis (viral or bacterial) 

- Encephalitis (viral or bacterial) 

Autoimmune diseases: 

- Multiple Sclerosis (MS) 

- Myasthenia gravis 

Psychiatric disorders: (won’t be covered in this lecture series) 

- Schizophrenia 

- Autism 

Physiological facts about the brain 
- Human brain accounts for 2% of total body weight 

- Consumes ~20% of all oxygen -> continuous oxygen supply needed 

o deprivation of blood supply -> Cardiac arrest: unconsciousness within 10s 

first reversible damage to neurons, then permanent 

- consumes ~25% of total energy consumption (glucose) 

- blood-brain-barrier: maintenance of CNS homeostasis, immune-privilage 

o limited access of systemic medications to CNS -> insert directly 

- no pain receptors in CNs parenchyma (only in meninges) 

 

Stroke 
WHO Definition: Stroke is rapidly developing clinical symptoms and/or signs of focal or global loss of 

cerebral function with symptoms lasting more than 24 hrs or leading to death 

TIA: transitory ischemic attack: symptoms similar/identical to stroke but disappear within <24hrs 

Epidemiology 
- 4th largest cause of death 

- 50% of stroke patients are >65 yrs -> age is an important risk factor 

- Stroke is expensive 

- 15-20% of patients die within 4 weeks -> severe disease 

- Surviving patiens: 

o 1/3 recovers well 

o 1/3 shows deficits but copes well with daily life 

o 1/3 needs life-long-care 
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Classification of stroke types 
Stroke is a vascular disease (can actually happen everywhere, but the effects are most dramatic in the CNS) 

- Ischemic stroke (80%): Occlusion of vessel -> infarction 

o Thrombotic:  

 caused by a thrombus (blood clot formed within CNS itself) 

 often correlated with atherosclerosis & increasing age 

 often preceded by TIA 

o Embolic: 

 Caused by an embolus (blood clot coming from periphery, mostly from the heart) 

 Often results from heart failures 

- Hemorrhagic stroke (20%): Rupture of vessel -> bleeding -> pressure & swelling -> damage neurons 

o Rupture can result from 

 Hypertension 

 Aneurysms 

 Malformation of vessels 

 Direct traumatic injury to brain vessels 

o hemorrhagic stroke can be classified into 

 intracerebral: rupture of vessel in the brain parenchyma, caused by hypertension 

 subarachnoid: bleeding of vessel between skull & brain (in meninges), caused by 

aneurysms or malformations, often painful (nociceptors in meninges) 

Primary care & fast diagnosis 
- Physical examination (every 15min): National Institute of Health 

Stroke Scale (NIHSS): ask patient questions & asses motor function 

- Swallow test: important for application of medication 

- Assessment of cardiac rhythm: indicator for embolic stroke 

- Blood analysis: glucose, electrolytes, creatine 

- Assessment of risk fators: smoking, obesity, drugs (cocaine) 

 

Dignosis with Imaging -> distinguish different types of strokes 

Computated axial tomography (CT): 

- Fast 

- Less spatial resolution 

- Rule out hemorrhage or tumor 

Magnetic Resonance Imaging (MRI) 

- Expensive, less abundant  -> has to be planned 

- Good special resolution 

- Can be used to diagnose ischemic, hemorrhagic stroke 

 

Cerebral angiography: visualize vessels -> know where the stroke is happening -> info for treatment 

 

Important questions to solve before treatment: 

- Stroke or TIA? 

- Ischemic or hemorrhagic stroke? -> Imaging 

- Location & extent of stroke? -> Cerebral angiography 
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Early treatment 
Two main strategies: Reperfusion & Neoprotection 

- Reperfusion: restoration of normal blood supply 

o Thrombolysis: Tissue plasminogen activator: t-PA 

-> degrade thrombus to reestablish blood flow 

 Only approved pharmalogical treatment 

 Only for ischemic stroke 

 Risk of bleeding -> important that patient stroke is NOT hemorrhagic 

o Anti-platelet & Anti-coagulate 

 Do not resolve thrombus/embolus but prevent formation of new blood clot 

 Bsp: Aspirin (anti-platelet), Heparin ( anti-coagulant) 

o Endovascular treatments: 

 Only possible if region is localized 

 Removing the blood clot (trombectomy) 

 Or Recanalization by stenting 

o Surgical treatments (hemorrhage): 

 Removal of aneurysms 

 Closure of ruptured vessels 

- Neoprotection: protects ischemic tissue  

o not successful in clinics so far 

o research going on 

Treatment has to start as early as possible -> TIME IS BRAIN 

Later treatment –rehabilitative training 
Depending on deficits 

- Physiotherapy 

- Occupational therapy 

- Speech therapy 

- Psychological care 

Primary pathomechanisms 
Ischemia: inadequate blood supply due to mechanical obstruction 

Hemorrhage: heavy release of blood 

-> Neurons in the stroke-affected brain region are deprived of blood -> lack of oxygen & nutrients 

-> Leads to quick cell death 

Stroke most frequently occur in forebrain -> persistent deficits because portion of lost cells is quite high 

Secondary pathomechanisms 
Brain needs large amount of glucose & oxygen to restore ionic gradients across membrane 

Excitotoxicity: 

Global ischemia:  missing ATP synthesis 

-> too much sodium inside cell (not removed by sodium-potassium pump) -> glutamate in synaptic cleft 

-> too much Calcium (due to depolarization, can’t be removed) -> further glutamate release & ROS 

-> viscous cycle leading to catabolism 

 Neuroprotective in animal models: blocking of glutamate binding sites on NMDA 
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Acidosis: 

Anaerobic metabolism through ischemia 

-> lactate production -> decreasing pH 

-> activation of acid-sensing ion channels (permeable to Ca) -> increased influx on Ca -> viscous cycle 

 Selective acid-sensing ion channel blocker show reduced lesion volume in animal models 

Oxidative stress: 

High levels of intracellular Ca, Na & ADP -> reactive oxygen species (ROS) 

Brain has no antioxidants -> vulnerable to ROS -> apoptosis 

Stroke can also lead to Inflammation (don’t need to know mechanism) 

 

Ischemic core zone & penumbra 
Core zone: area of severe ischemia -> fast necrosis -> irreversible damage -> can’t be saved 

Ischemic penumbra: remain viable for several hrs -> treatments target this area 

Cerebrovascular system 
- Middle cerebral artery: most often occludes in human stroke 

 

Deficits after stroke: hemiplegia 
- Hemiparetic gate: one affected body side 

o Leg: 

 Extension (spastic, stiff) mostly of distal joints (knee, 

ankle) 

 Internal rotation 

o Arm: 

 Shoulder adducted 

 Elbow flexed 

 Pronation of wrist 

Risk factors 
- Modifiable vs. non-modifiable factors (e.g. smoking vs. genetic factors) 

- Blood pressure is the most important modifiable risk factor 

- 20 cigarettes a day increases risk by factor 6 
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10 Neurodegenerative diseases of the CNS: Parkinson’s Disease 

Neurodegenerative disorders 
- Progressive -> get worse with time (not like traumatic disorder where there can be recovery) 

- Similar pathomechanisms among neurodegenerative diseases of CNS 

- Different symptoms & deficits 

- Age is major risk factor 

- Etiology still poorly understood 

 Mostly symptomatic treatments (cause of disease cannot be targeted yet) 

Symptoms of stroke vs. PD 
Stroke: heterogeneous symptoms -> can happen anywhere 

PD: homogeneous symptoms -> exact brain region affected (basal ganglia system & midbrain) 

Parkinson’s Disease 

Epidemiology 
- 2nd most frequent neurodegenerative disorder (after Alzheimer’s Disease) 

- Chronic, slowly progressive 

- Mainly in older people -> age is major risk factor 

- Only around 10% of all PD cases occur in younger people (<45) 

 Early onset due to genetic mutations 

- 95% without genetic etiology -> sporadic PD 

- 5% with genetic origin 

History 
“Shaking Palsy” = loss of muscle function associated with tremor (mentioned first bag reek scientist) 

“Paralysis agitans” = progressice loss of muscle function (James Parkinson) 

Parkinson’s Disease (Morbus Parkinson) (Jean Martin Charcot, French medical doctor) 

Symptoms & course of disease 

Motor features: Parkinsonism (=Parkinsonian Syndrome) 

- Neurological syndrome that shares symptoms of PD 

- 80% of patients showing parkinsonisms indeed have idiopathic PD 

4 cardinal motor manifestations 

1. Bradykinesia ( slowness of movements & reflexes) 

2. Resting tremor (cannot hold extremity in quiet position -> shaking) 

3. Postural instability 

4. Muscular rigidity 

Early motor symptoms: 

- Usually asymmetrical deficits, gradually spreads to contralateral side 

- Asymmetric rest tremor (3-6 Hz) 

- Developing bradykinesia 

Motor symptoms in progressed PD: 

- Increased bradykinesia leading to 

o Small writing (micrographia), weak voice (hypophonia), masked face, slow & shuffling gait 

- Muscular rigidity (propulsion during walking & stiff arms without swing) 

- Postural instability 

- Hypokinesia (decreased amplitude of movement) & Akinesia (problem to initiate movement) 
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Parkinsonian Gait 

- Propulsion of upper body 

- reduced arm swing 

- reduced walking speed 

 

Visual & auditory cueing can help patients with PD to walk 

- pattern on the floor or fixed device that projects lights on the floor 

 helps the patient to orient 

- doesn’t matter which methology 

 both help to increase velocity & step length 

- patients have a mismatch of proprioceptive feedback: don’t feel that steps are too small 

 visual input allows them to compare -> failure can be detected & counteracted 

 visual feedback helps the patients to adapt to normal step length (involuntarily) 

Non-motor deficits 

Non-motor features  

- occur at progressed stages of PD 

- depression (ca. 50% of patients) 

- dementia, psychosis 

- loss of olfactory function -> very characteristic of PD (can also happen in Alzheimers) 

- sleep disorders (60-90%) 

- do not respond to dopaminergic treatment -> no current specific treatment for non-motor features 

Long-term progression of PD 

- before development of dopaminergic treatments PD led to severe disability –> much better now 

- PD is fatal: life expectancy is approx. 10yrs shorter (due to immobility) 

- Death in late progressed PD is caused by secondary complications (pneumonia, thrombosis, etc.) 

Diagnosis 

3-step approach to identify idiopathic PD (iPD) (=sporadic = no defined genetic origin) 

1. Identification of Parkinsonism -> 80% of cases showing parkinsonism have iPD 

2. Exclusion of other causes of Parkinsonism 

a. Symptomatic form (secondary parkinsonism):  drug-induced, metabolic dysfunction,  

post-traumatic, toxin-induced (e.g. MPTP) 

b. Atypical form (Parkinson-plus Syndromes):  Parkinsonism in the context of other 

neurological diseases (e.g. Alzheimer’s, multiple system atrophy, etc.) 

3. Identification of supportive features 

a. Response to levodopa (most potent treatment in early state) 

b. Smell test to prove olfactory dysfunction 

Risk factors 
- Age (only proven risk factor for PD) 

- Genetic predisposition 

- Environmental hypothesis (not proven): Modifiable (lifestyle factors) 

o Rural living 

o Exposure to pesticides & herbicides 

o Well-water drinking 

o Coffee & cigarette consumption seem to lead to lower risk for PD 

 

- reduced step length 

- decreased ROM in hip & knee 

- shuffling steps (not able to lift 

feet in swing phase) 
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Neuropathological features 
1. Depigmentation of melanin-rich neurons in Substancia Nigra pars compacta (SNpc) 

a. Symtoms only start after >60% of neurons are degenerated 

2. Formation of intracellular cytoplasmic inclusions consisting of proteins in nigrostriatal neurons 

(Lewy Bodies). Lewy Bodies or not specific for PD (also in Alzheimer’s disease) 

3. Cell death is specific to substantia nigra (only moderate neurodegeneration of limbic system) 

Loss of Dopamine 
PET scan: dopaminergic metabolism 

- Normal: high concentration in basal ganglion system 

- PD: dopaminergic loss in basal ganglion system 

- Age: overall loss of dopamine, but still concentrated in basal ganglia 

Pathogenesis (hints from genetic PD) 
1. Misfolding & aggregation of proteins 

- in normal condition: chaperones regulate 

  degradation of misfolded proteins 

- in PD: Lewy Bodies form 

- α-Synuclein is a PD-linked gene 

-> amyloidogenic proteins are susceptible to 

    form aggreagtes (similar in other 

    neurodegenerative diseases) 

-> acts on ubiquitin-proteasome pathway 

-> Syncucleinopathy leading to neurodegeneration 

-> there is also a spread of the disease which goes from cell to cell (fallows synapses) 

2. Mitochondrial dysfunction leading to oxidative stress 

- PINK+ (Mitochondrial kinase) -> leads to ROS (harmful to brain) 

Pathogenesis & MPTP 

A breakthrough for PD research 

The frozen addicts: 

 -  4 young adults with severe symptoms of PD 

 -  All 4 consumed a new form of heroin including MPTP 

- MPTP is able to cross the blood brain barrier 

- Taken up by glial cells -> MPP+ is produced 

- MPP+ is taken up by neurons over dopamine transporters (DAT) 

-> dopaminergic system affected 

- MPP+ in the cytosol of neurons: 3 different actions can occur  

1. Inhibition of respiratory chain during oxidative phosphorylation 

-> MPP+ blocks electron transport chain 

-> bioenergetics failure (low ATP, high oxidative & nitrative stress) 

   -> Dopamine leaks form vesicles into cytosol -> ROS 

Mice overexpressing SOD (antioxidant) are resistant to MPTP -> oxidative stress important 

2. Seqestration of MPP+ into vesicles (by VMAT) -> remove MPP+ into vesicles  

-> ratio VMAT/DAT (how much is removed to vesicles/how much can come into cytosol) 

3. Interactions with negatively charged molecules in cytosol 

MPTP as gold standard for animal research of PD 

- MPTP in different monkeys let to Parkinson-like syndrome (bradykinesia, paucity of movements, 

rigidity, tremor & postural instability) 

 Mimics PD very well in animal models  
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Basal Ganglia Network 
(siehe auch Vertiefung – Wenderoth) 

- Striatum (caudate, putamen): 

INPUT center of basal ganglia 

- Subthalamic nucleus (STN) 

- Substantia nigra (SNpc) 

o Sends dopaminergic input to striatum & 

receives gabamergic input from striatum 

o direct pathway: facilitates movement 

o indirect pathway: inhibits movement 

o Dopamine activates direct (D1) & inhibits indirect (D2) pathway 

-> facilitates movement 

- Globus pallidus internus: major OUTPUT from basal ganglia 

PD: lack of dopaminergic system 

- direct: not able to inhibit the GPi 

- indirect: activation of the GPi 

 a lot of inhibitory output form the GPi to the thalamus 

 Very little activation of the cortex 

 cannot initiate movement 

Treatments 

Levadopa, L-DOPA 

- Gait is improved with treatment of L-Dopa 

o increased ROM in hip & knee 

o arm swinging is coming back 

o increased stride length by 20% 

 very potent medication 

- L-DOPA can induce severe dyskinesia when chronically applied -> involuntary movements 

Deep Brain Stimulation (DPS) 

- High frequency inactivation of STN or GPi 

 Inhibit STN -> remove excitation of GPi -> inhibition on cortex is removed 

Animal research using optogenetics 

Stimulation % inhibition of STN: (experiment to prove that DPS works?) 

- Activation of D1 pathway (direct) -> reduction of inhibition -> more movement 

- Activation of D2 pathway (indirect) -> more freezing 

Future PD treatments? 

So far, no treatment can change the natural course of the disease once it has started 

- TMS? 

- Cell replacement? 

- Gene therapies? 

- mGluR5 modulators? 

- Adenosine A2a Receptor Agonists? 

 

(Useful to know the basics of the paper for the exam) 
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11 Autoimmune Diseases of the CNS: Multiple Sclerosis 

Multiple Sclerosis (MS): 
- Chronic inflammatory multifocal demyelinating disease of the CNS (=Encephalomyelitis disseminate) 

- Most common inflammatory CNS disease 

- Mostly in early adulthood (diff. than in neurodegenerative diseases) 

- 50% of MS patients have a severe course: require walking assistance after 15yrs 

- 10% of MS patients have a mild course: no serious impairments after 25 yrs 

 Disease is very heterogeneous 

- MS is not lethal, but life expectancy is 10yrs shorter (indirect causes) 

History 
- First reported case: Lidwina van Schiedam  

o fell while ice skating 

o did not recover from hip fracture 

o developed weakness, disturbed vision, headache at 19  

- Jean Martin Charcot: was able to distinguish between Parkinson’s & MS 

o Disseminated plaques all over the CNS in histological analyzes (multiplication of 

cells) 

o Inflammatory lesion with invasion of immune cells 

Epidemiology 
- peak of prevalence is around 30yrs -> early onset 

- 2.5 x more females affected 

- Most frequent disease of the nervous system in young ppl 

- Average duration form onset to diagnosis: 3.4yrs 

Risk factors leading to MS 

Environmental factors: 

- Viral infections 

- Infections during childhood could be protective -> Hygiene as a risk factor 

- Cigarette smoking 

- Hypovitaminosis D (too low conc. Of Vit D is highly correlated with the disease) 

o Geographic distribution of MS: 

 Prevalence increases with distance to equator -> amount of sun influences incidence 

 North: Low sun -> low Vit. D -> increased risk for MS 

 Environmental factors act mainly during childhood (<15yrs) 

o Vitamin D & the immune system 

 Vit D acts anti-inflammatory by inhibiting proliferation of autoreactive T Cells 

& by stimulating the proliferation of regulatory T Cells 

Genetic factors: 

- Ethnic predisposition: 

o African & Asian ppl show lower incidence of MS 

o Africans & Asians who emigrated with >15yrs are resistant to MS also in other countries 

- Family inheritance: 

o Incidence of the disease is correlated with the increasing sharing of the genetic pool 

o Monozygotic twins: incidence is about 30% that both twins will have the disease 

- Genetic Association: only genes of the immune system are correlated with MS development  

Current Theory on potential factors leading to MS: 

Disease will develop in genetically susceptible individuals triggered by environmental factors as a result of 

autoimmune response directed against components of myelin 
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Forms of the disease 

Relapse-Remitting 

- 90% of MS cases start with RRMS 

- Episodes of sudden increase of disabilities (most recover) 

Secondary-Progressive 

- Most initial RRMS patients change to SPMS after 5-10yrs 

- Changes to chronically progressive form (disabilities accumulate & do not recover 

anymore) 

Primary-Progressive 

- Only 10-15% have PPMS (worst prognosis) 

- No relapses but constant loss of function over time 

 Not that easy to classify the patients (can be mixtures of relapses & progressive) 

Definition relapse (=Schub): 

- Acute inflammatory processes 

- Acutely occurring neurological symptoms lasting <24hrs 

- 2 independent relapses have to be separated <30days 

- Uhthoff-Phenomenon or infection must be ruled out 

- 1-3 weeks duration (the longer the relapse, the worse the chance for complete (permanent) remission) 

Pathological hallmarks 
- Plaques illustrating pathological areas within CNS: 

o Infiltration of immune cells, demyelination, edema, axonal loss 

Main processes 
- 1. Inflammation: Invasion of immune cells into the NS (cross the blood brain barrier)  

- 2. Demyelination: Loss of myelin (oligodendrocytes)  

                           -> decreased velocity, “cross Talk” (no isolation), increased sensitivity,  

                                decreased threshold T for conduction blockade (Uhthoffs Phenomenon) 

- 3. Neurodegeneration: Has the most impact on loss of function  

                          -> persisting deficits are correlated to neurodegeneration (death of neurons, not glia) 

Pathomechanisms 
- Main hypothesis: MS is an autoimmune disease -> lymphocytes get autoreactive against myelin 

-> immunosuppressive therapies in clinics support this hypothesis 

- Animal models of MS suggest an important autoimmune component (but not the whole story) 

The EAE (Experimental Autoimmune Encephalomyelitis) animal model 
- gold standard to model MS in mice, rats & primates 

- Mechanism: 

o Active immunization with myelin antigens (antigen presenting cells meet with myelin  

-> activation of immune system to own constituents of the brain) 

o Passive immunization (injecting reactive T-cells into naïve mouse) 

 Autoimmune mediated demyelination & neurodegeneration 

 T-Cells are sufficient to elucidate MS-like symptoms by attacking myelin 

Histology: 

- Disseminated inflammatory lesions (accumulation of microglia & T-Cells) 

-> demyelination & axonal degeneration 

Disease course 

- Monophasic, relapse-remitting or chronic (dependent on antigen & target species) 

- Onset of symptoms 14 days after immunization 



ZF Structure, Plasticity & Repair of the NS  Jennifer Post 

31 
 

Main pathologies over time 
- Inflammation  

o frequent in the beginning of the disease 

o no persistent deficits but relapse remitting 

- Axonal loss (Neurodegeneration) 

o increasing over time 

o persistent deficits 

1. Autoimmunity 

Normal Control mechanisms to prevent autoimmunity 

- Normal in Periphery: Antigen presenting cells (APC) 

activate T-Cells 

- Immunological Ignorance: physical barrier between CNS & 

periphery (BB-Barrier) 

- Anergy (Hemmung): not enough costimulation 

- Suppression: T regulatory cells inhibit activation of T Cells 

- Deletion: Fas signal leading to Apoptosis 

 If these mechanisms work: Immunological tolerance 

Immune-mediated pathogenesis 

1.  Cytotoxic T Cells are activated by APCs  

-> express cell-adhesion molecules  

-> enables them to cross the BBB (3) 

medications inhibit this adhesion -> cannot cross BB anymore 

T-regulatory cells can suppress the autoimmune reaction 

2. Activation of B-Cells  

-> production of Antibodies (can also cross the BBB) 

3. Adhesion of activated immune cells to the BBB 

-> activated immune cells can enter the CNS 

4. 3 components attack the myelin 

a. Macrophages (innate immune system) -> ROS 

b. T-Cells 

c. Antibodies from Plasma cells 

-> cell lysis -> death of oligodendrocytes 

5. Axonal Degeneration, 

Gliosis (proliferation of astrocytes & formation of scars if there is a constant inflammation) 

2. Demyelination 

Uhthoff’s Phenomenon 

Def: temporary production or worsening of neurological symptoms in MS patients exposed to heat  

(e.g. sauna, hot bath, exercise, warm climate) 

 Pseudo-relapse 

If T is too high: axon cannot conduct signals properly anymore (conduction block) 

normally this happens at 45° (no problem in humans) 

but with decreasing amount of myelin the conduction block arises earlier (at lower Ts) 

-> MS patients often avoid heat (worsening of symptoms) 
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3. Neurodegeneration 
Primary driving force of neurodegeneration is inflammation  

1. Hypothesis: Myelin sheet protects axons from attack from the immune system 

-> axonal death is lower in areas with remyelination 

2. Hypothesis: Dysfunction of oligodendrocytes is sufficient to trigger neurodegeneration (no trophic 

factors from the myelin) 

3. Hypothesis: activated microglia & macrophages produce radicals -> oxidative stress -> 

mitochondrial dysfunction 

Prognosis 
Nowadays the prognosis is better than in 1989 

-> better medications slow down the progression of the disease 

Symptoms 
MS: the disease with a thousand faces (very diverse symptoms) 

Early symptoms: 

- Optic neuritis (optic nerve is most myelinated) 

- Paraesthesia (prickling) 

- Hypesthesia (reduced sensitivity to touch) 

- Nystagmus 

Most affecting symptom for daily life (self-perceived) 

 Walking & visual function 

Ataxic gait 

- unsteady, staggering gait 

- MS lesion in the cerebellum or spinal cord 

(proprioception) 

- No weakness but lack of coordination of muscles 

Diagnosis 
- Two relapses   different sites affected  no paraclinical data required 

Same site affected  MRI needed 

- One relapse       MRI 

- Progressive       CSF, VEP, MRI or progression for 1yr 

Lumbar puncture (VEP) 

- 80-90% of MS patients permanently show oligocolonal bands 

- Increased number of lymphocytes & monocytes in liquor 

- IgG-index increased in 85% of MS patients 

Evoked potentials 

- Visual evoked potentials (VEP): decrease of amplitude & increased latency 

 T1WI with gadolinium contrast 

- Contrast dye injected in 

periphery 

- Represent the inflammatory 

infliltrates through leaking 

BBB 

- Time stamp: older lesions do 

not take up contrast dye 

anymore 

 

Later symptoms: 

- Paresis (loss of motor function) 

- Spasticity 

- Bladder dysfunctions 

- Depressions 

 

 

Spastic gait 

- Stiff leg -> compensatory adaptations: 

o Circumduction of leg (swing leg around) 

o Vaulting (on toes -> increasing the height) 

o Hip hiking (increase the high of the hip) 

 

  

 

  T1-weighted MRI 

- Hypo intense signal -> dark holes 

- Acute black holes correlate with 

cellular infliltration & focal edema 

-> better correlation of MRI to 

function 

- 30% of black holes persist -> 

severely damaged areas with 

axonal loss 

 

T2-weighted MRI 

- Classical methodology: 

hyper intense signal  

-> brightening of the lesions 

- Low specificity to detect 

pathology (don’t really know 

what bright lesions are) 

-> low correlation of MRI & 

function  
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Current treatments 
- Focus only on immunomodulation and immunosuppression 

 Only targeting RRMS phase (Relapses are weakened/inhibited) but not effective for PPMS 

 targeting of Inflammation but not demylination & neurodegeneration 

1. Therapy for acute relapses: Immunosuppresion by Glucocorticosteroids (Cortisol) 

+ global immunosuppression 

+ sealing of BBB 

+ shortening relapses: reduction of tissue damage 

- sleep disorders, gain of weight 

- psychical disorders (depressions) 

- frequent infections 

 no long-term therapy 

2. Therapy to prevent relapses in RRMS & SPMs: Immunomodulation by Interferon-beta (IFN-β) 

+ breakthrough in MS research 

+ reduced number of relapses 

+ better prognosis (better outcome over time) 

+ anti-inflammatory action 

+ relapse therapy 

+ only little side effects 

3. Therapy to prevent relapses in aggressive forms o RRMS: Natalizumab (Tysabri) 

+ binds to antibodies & blocks their function -> immune cells cannot adhere to endothelial anymore 

-> cannot cross BBB 

+ reduction of relapses 

- potential risk to develop Progressive Multifocal Leukencephalopathy (PML) 

o severe inflammation & damage to white matter by JC virus (immune system suppressed) 

o but very rare 
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12 Cellular & molecular mechanisms that govern the 

neurogenic process within the adult mammalian brain 
Only know what is discussed during the lecture (papers less important)  

Experience-dependent neuronal plasticity 
- some spines are lost but other ones are born -> connectivity of the neurons changes 

Hypothesis by Santiago Ramon y Cajal & modern view 
- Once development has ended: no way to get new neurons  

-> everything may die, nothing may be regenerated 

- But this is actually not true: complete sets of new neurons can be built & integrated into the brain 

 - >  But very difficult to show that  

o A: the cell is newly born & 

o B: differentiating into a neuron 

- Evidence that there might be ongoing neurogenesis in the mammalian brain found in 1964  

(But nobody believed it) 

Analysis of adult neurogenesis (in mice) 

BrdU labeling 

- Use for detection of proliferating cells  

(can integrate into newly synthesized DNA) 

-> visualize newly formed nuclei 

Retroviral labeling 

- Can only integrate into DNA if nuclear membrane is open during cell division  

-> selective for dividing cells 

-> visualize whole new cell morphologies 

NeuN – neuronal nuclear antigen that is commonly used as a biomarker for neurons 

 Combine BrdU & NeuN technique to detect newly born cells that differentiate into neurons 

 Evidence for lifelong neurogenesis 

2 main areas for ongoing Neurogenesis 

- SVZ (sub ventricular zone) 

o Stem cells that give rise to cells that migrate along the RMS (rostral migratory stream) 

o Differentiate into olfactory neurons in the olfactory bulb (BO) 

-> only in mice, not in human brain 

- Hippocampal GD (Dentate gyrus) 

o Entrance into hippocampus (memory) 

o Lifelong addition of neurons 

-> also in human brain 

Analysis of adult neurogenesis (in mammalian brain) 
- Brains of patients with cancers in periphery were studied 

o Visualize BrdU & NeuN 

-> found the same that was found earlier in mice 

-> confirmation that neurogenesis happens also in the human brain 

- Content of 14C in the atmosphere was high during nuclear bomb testing period 

o Radioactive carbons are integrated in brain 

o Birthdating of the individual neurons 

-> strong evidence that many neurons in hippocampus were born during adulthood 

-> 80% are replaced during lifetime 

https://en.wikipedia.org/wiki/Cell_nucleus
https://en.wikipedia.org/wiki/Antigen
https://en.wikipedia.org/wiki/Biomarker_(cell)
https://en.wikipedia.org/wiki/Neurons
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Mechanisms of Adult Neurogenesis 
- Adult neural stem cells with radial glia like processes 

- stem cell activation : stem cell differentiates into a more active cell  

-> proliferation 

- Neuronal activation: some newly born cells turn into neurons 

- Neuronal integration: neuron grows processes & makes new synapses 

 All those steps can happen right next to each other & next to preexisting neurons 

 The cells really have to know what they have to do -> what are the mechanisms for this regulation? 

Why is ongoing Neurogenesis restricted to specific areas? 
Other areas also have properties for stem cells, but they never do neurogenesis 

-> they either are restricted or lack the support like in special areas 

Hippocampal astrocytes control neurogenesis 

- Close relationship to astrocytes -> maybe they provide something for neurogenesis 

- Experiment: co-cultured neural stem cells with astrocytes from hippocampus or spinal cord 

-> only astrocytes from hippocampus were sufficient to induce formation of new neurons 

- Hippocampal astrocytes secrete wnt 3 -> important for stem cells to generate neurons 

- If wnt signaling is blocked: strong decrease of neurogenesis 

In vivo analysis of Neurogenesis 
- Research is mostly based on snapshots (animals have to be killed at diff. stages)  

but the key would be to look at the process within the living mouse 

- Problem: DG is very deep within the brain -> not that simple to image through 

areas above 

- Trick: do a cortical window (take out a piece of the cortex) -> modern long 

reaching two photon microscopy 

-> able to look at individual cells within the DG in the living mouse 

- Image over several days -> can follow individual cells 

- Functional imaging: 

o Sense the amount of Ca (how active the neuron is) 

-> cells are flashing when the mouse is learning 

How to identify important mechanisms for stem cells, neuronal differentiation & integration 
Screening approach: isolate the cells & compare them to neurons later on 

- Hard to isolate because the fraction of newborn cells is very low compared to preexisting neurons 

- FACS-based Isolation of  (FACS = fluorescent activated cell sorting) 

o neural stem cells using SOX2GFP transgenic mice &  

o immature neurons using DCXDsREg transgenic mice 

-> Compare: many metabolic genes were different between stem cells & newly born neurons 

o neural stem cells have FASN (fatty acid synthase) - turns glucose into Fatty acid 

-> levels of de novo lipogenesis regulate adult neural stem cell proliferation activity 

1st Step: is the protein really expressed in the cell type that we are interested in (neural stem cells)? 

- FASN activity assay in different areas -> lipogenic phenotype of adult NSCs 

2nd Step: what happens if you block the gene function? 

- Selectively knock out gene of interest in stem cells with Cre-Lox System (Cre x Reporter x FASN floxed mice) 

-> huge decrease in number of neurons that are generated 

-> FASN-dependent lipogenesis is required for adult neurogenesis in vivo 

-> control of NSC activity through lipid metabolism? 

-> Spot 14: Protein that is involved in the activity of FASN 
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1st Step: is it expressed in the right cell population? 

-> Spot14 expression co-localizes with neural stem cell markers 

2nd Step: block function of Spot 14 

- Viral knock down of Spot14 -> Spot 14 controls NSC activity 

3rd Step: determining if the cell is really able to act as (bzw generate) a neural stem cell 

- In vivo lineage tracing of Spot14+ cells 

o Spot 14 is highly expressed in neural stem cells -> Spot14+ cells are neural stem cells 

-> proof concept: those cells are able to generate neurons within mouse hippocampus 

o stem cells have lipogenic phenotype (high proliferating cells need high level of lipogenesis) 

-> lipid metabolism is a critical regulator of adult NSC activity 

How can stem cells proliferate lifelong? 

Replicative lifespan in Budding yeast – Rejuvenation 

Asymmetric segregation of Age: mother cell is retaining aging factors  

 -> daughter cells are rejuvenated & have max lifespan 

     (don’t know how old their mothers were) 

Determination of the Presence of a Diffusion Barrier 

Neural Stem Cells are photobleached during division  

-> FLIP (fluorescence loss in photobleaching) 

- If there is no diffusion barrier:  

fluorescent is lost on both sides 

- If there is a diffusion barrier during anaphase:  

fluorescent only lost on the side where you bleach 

 Neural stem cells possess a diffusion barrier on the ER membrane (not in lumen) during division  

 Diffusion barriers exist in mammalian cells 

What makes up the barrier & is the strength of the barrier dynamically regulated? 

- Aging is a strong regulator for the numbers of neurons that are generated in the DG 

 old NSCs show a weakening of the diffusion barrier (old vs young NSCs FLIP experiment) 

- weakening of the strength of the barrier if laminin A is overexpressed 

 laminin-dependent establishment of the barrier 

In vivo evidence for a barrier? (FLIP experiments in embryonic slices) 

- barrier heterogeneity in vivo 

-> also in the developing forebrain there seems to be a diffusion barrier 

What is segregated by the Barrier? 

- Segregation of damaged proteins is highly asymmetrical in young stem cells 

- Segregation becomes much more symmetric in older stem cells (when barrier is weakening) 

-> damaged proteins 

What would be the cost of inheriting ubiquinated proteins? 

- Make pedigrees on the behavior of individual cells inheriting those damaged proteins 

-> slows down cell proliferation 

Who receives the damaged proteins? 

Stem cells inherit much less of the damaged proteins 

-> system how the stem cells try to stay clean giving away the damaged proteins to daughter cells 

-> able to divide throughout lifetime 
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Summary 
- A diffusion barrier exists in mammalian neural stem cells 

- Dynamic regulation of barrier strength with aging through a Laminin A-dependent mechanism 

(weakening with age) 

- Ubiquinated proteins & microDNA may be asymmetrically segregated during neural stem cell 

division 

How to show that “your” cell is a stem cell 
 Important to know how to show that a cell can act as a stem cell & that pathway is important 

- Cell division (BrdU/virus/endogenous markers) 

- Isolate the cell (transgenic animal then FACS, stem cell culture, colonal assay) 

- Lineage tracing (virus, Cre-transgenic mouse crossed with reporter mouse) 

- Cell ablation (virus, TK-transgenic mouse crossed with Ganclyclovir) 

- Cell transplantation (transgenic animal then FACs, cell injection) 
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13 Significance of life-long neurogenesis for adult brain function, how 

diseases affect neurogenesis and how neural stem cells may be used for 

brain repair 

Change in behavior can induce a change in the brain structure 
- Control: more cells proliferate than are integrated into the circuitry (selection process) 

- Runners: increase in cell proliferation -> twice as many neurons integrated 

- Enriched: no change in cell proliferation but still twice as many neurons -> enhanced survival 

 Neurogenesis can be stimulated by external simuli 

Function and Structure of the Hippocampus 
Hippocampus: important for transfer to the long term memory (decide if you store or forget a memory) 

Spatial memory test: Morris water maze 

- Mice have to orient themselves to find a platform -> task depends on hippocampus 

 Enriched environment enhances learning (faster in understanding the task) 

Cab drivers have an increased hippocampal size 

- Hippocampal volume correlates with the time spent behind the wheel 

Learning increases brain size (hippocampus) 

- Not only the function is changing after learning but also the structure 

Dynamic Regulation of adult Neurogenesis 
Decreased activity of neural stem cells due to 

Brain injury, Age, Depression  

-> down regulators of neurogenesis 

- Chronically stressed mice show behavior of depression 

-> Anti-depressives can enhance activity of stem cells 

(demotivation gets better earlier than sadness -> suicides) 

- If neurogenesis is knocked out by irradiation effect is lost 

 Anti-depressive effect is dependent on neurogenesis 

Linking neurogenesis with behavior in humans 

Modeling human FASN mutations in mice and human cells 
- 50 genes associated with cognitive disorders 

- one of those point mutations (R1819W) was found in 

the coding region of FASN (Fatty acid synthase) 

- Changing the enzymatic kinetics of FASN  

In Mice: 

- Try to model the human mutation in the animal to link the mechanisms in mice to humans 

- R1812W mutation affects NSC proliferation (less proliferation in point mutation mice) 

In Humans: 

- Modeling FASN mutations in human cells 

o Culture human embryonic stem cells 

o Make them to multipotent neural stem cells 

o Integrate mutation using genome editing tools 

 Adult neurogenesis as a future therapeutic target 
Go back to mutations identified in humans & then try to transfer what is found in mice to humans 
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Strategies to ablate neurogenesis 
- Transgenic mice (using ThymidinKinase or suicide genes under the control of stem cell promoters) 

o Disadvantage: unspecificity / many dead cells at once 

- Irradiation 

o Disadvantage: unspecific effect of x-ray (inflammation, effect on postmitotic cells) 

- Local cell ablation (e.g. lentiviral vectors) 

o Disadvantage: Which genes are specific? Traumatic injections 

o Advantage: very local 

 Use different “dirty” approaches and look what you can see in all of the approaches 

Dentate gyrus-specific ablation of adult neurogenesis 

- Wnt signaling is required for hippocampal neurogenesis 

- Lentivirus-mediated knockdown of adult neurogenesis 

o Transduce every cell in this area 

o express a dominant negative wnt 

o overexpress dominant wnt proteins 

 locally restricted 

Object recognition task 
- Present mice with two identical objects 

- Later show them one old and one novel object 

- Mouse will only look at the novel object (curious) 

 Neurogenesis Knock out mice have no preference anymore (don’t recognize the object 

 Very broad test for the hippocampus 

 Conflicting results 

The dentate gyrus as pattern separator 
- Very similar situations (parking lot) are represented in a different way 

- Mice with decreased neurogenesis are impaired at special pattern separation 

o Animals without neurogenesis failed more often at difficult decisions 

Enhancing neurogenesis 
- Use genetic approaches to enhance neurogenesis 

- Knock out a gene that is important for apoptosis in new born cells 

- Cells can’t die anymore -> many more neurons 

Problem: neurogenesis is increased but cells were destined to die (something was wrong with them) 

Enhanced pattern separation in iBax mice 

Fear conditioning task: 

- Alterate environments A & B which are very similar 

- Electric shock is given in environment A 

- Mice take quite some time until they are able to separate A & B 

- If neurogenesis is enhanced: it’s easier to distinguish between the contexts 

 If you increase neurogenesis you enhance the process of pattern separation 

Utilizing adult NSCs for neural repair 
- Redirecting a progeny to generate an oligodendrocyte by 

overexpression of TFs in stem cells 

- Can myelination be enhanced by producing oligodendrocytes?  

-> treatment for MS? 
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A focal in vivo demyelination model 
Genetic tricks to kill oligodendrocytes -> model demyelination 

-> genetic ablation of oligodendrocytes 

Directed differentiation of NSC-derived cells in oDTR mice 
- If you overexpress the TF Ascl1 

- Newborn cells are able to remyelinate the demyelinated areas 

 Glial repair (but still far away from clinics) 

Programming hippocampal NSCs into oligodendrocytes enhances remyelination 

- Spontaneous remyelination after injury is limited in hippocampus 

- Fate directed oligodendrocytes enhance the repair of demyelinated 

areas 

 

14 Preparation for Exam 
Goal: give a feeling for how things are connected -> pull together knowledge from everywhere 

Patient with headache thinks his motor control is not ok, what to do? 
- Skilled-motor task (finger-tap, one leg stance, etc.) 

- Ask what happened before (fall, etc.)  

- Check for differenced in motor function on both sides 

o If speech is impaired -> left side of brain impaired 

- Imaging (CT/MRI): tumor (dense tissue is very bright) -> very heterogeneous 

Tumor Types 

Primary Brain Tumors 

- Astrocytomas grade I-IV (IV: Gliabasltoma: Ϯ -> migrate into healthy brain -> vascularization) 

- Oligodendrogliomas: slow 

- Neuroblastomas: childhood 

Secondary Brain Tumors 

- Mammary, prostate, sacromas, …, metastases 

 

Patient with stroke 
FAST “time is brain” (Face / Arm / speech / time) 

- Core of stroke: dark on CT image 

- Penumbra: perfusion impaired in surrounding area  -> can still be rescued 

80% ischemic stroke (thrombus that ended up in the brain) 

20% hemorrhagic stroke 

What can you do to save the tissue that is still alive? - >Improve bloodflow in penumbra 
- Unblock the vessel 

o Enzyme that digests fibrinogen (TPA) 

o Mechanical removal 

 Only 10-15% profit from this because others are TOO LATE 

After the stroke: Rehabilitation 
Train the remaining or the impaired parts of the brain? 

 Prevent disuse-atrophy by training impaired side 

 Other parts of cortex may take over & brainstem & cerebellum can be trained 


