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One way to characterize different types of neurons isby their distinct morphology, mainly the

dendritic trees. One fascinating research direction is how neurons grow such exuberant and

distinct patterns of dendrites after their birth. We have been using Drosophila dendritic

arborization (da) neurons as the model system to study dendrite growth and pruning during

development. There are four types of da neurons (classes I-IV) with class IV da (C4da)

neurons being the most complex in morphology. We study cellular machineries underlying

endocytosis and exocytosis that are highly active during dendrite elaboration. Golgi outposts

are dynamic in dendrites and are regulated in their transport during growth and pruning.

Dendrites of C4da neurons innervate epithelial cells that support growth and prevent

fasciculation. Protein glycosylation that modifies cell surface receptors that phagocytoses

fragmentated dendrites during pruning.

Dendrite Arborization and Pruning
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Patients diagnosed with malignant brain tumors such as brain metastases or the
primary brain cancer, glioblastoma (GBM), carry a poor prognosis for long term
survival and suffer a significantly diminished quality of life. The challenges of
tumor heterogeneity, rapid recurrence and therapeutic resistance will be
discussed in the context of translational biology studies using patient-derived
cancer stem cells and xenograft models. Discovery of new clinically relevant
biomarkers from developmental neurobiology approaches, ion channel studies
and immuno-screening discovery strategies lead to new perspectives on GBM
molecular diagnosis and therapeutics. Preclinical and clinical trial studies of
novel cancer alkylphosphocholine analogs for diagnostic detection,
fluorescence visualization and therapeutic strategies will also be presented as
the foundation of new theranostic strategy for many different cancers.

From Biomarkers to Clinical Trials: Lessons of 
Translational Brain Cancer Stem Cell Biology
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Since the first discovery that the bioactive lipid, lysophosphatidic acid (LPA) receptor type 1
(LPAR1) signaling plays a role in the initiation of neuropathic pain (NeuP), accumulated
reports have supported the original findings and extended the study toward possible
therapeutic applications in various chronic pain models. In the representative neuropathic
pain model using partial sciatic nerve injury, the initial non-selective and intense pain signals
cause a production of LPA, which in turn amplifies the LPA production through an LPAR3-
mediated microglia activation and cytokine production. LPAR3-mediated microglia
activation also produces BDNF, which in turn decreases KCC2 and converts the GABAA

receptor function to excitatory one. LPAR1-mechanisms also upregulate Cavα2δ1 channel
subunit in DRG and cause a demyelination and Aβ-fiber sprouting, which may form
abnormal pain synapses. All these mechanisms underlie the pharmacotherapy and
pathophysiology of neuropathic hyperalgesia and allodynia. LPAR1 and LPAR3-mediated
mechanisms were also evidenced in paclitaxel-induced, diabetic NeuP and central post stroke
pain. Close relationship between NeuP and LPA levels in CSF was also supported by several
clinical observations. Compared with NeuP, on the other hand, the establishment of diagnosis
and treatments for fibromyalgia (FM) are largely delayed. We have developed empathic
psychological stress- or intermittent cold stress-induced animal models, which mimic the
clinical features in terms of pathophysiology (female predominant, wide spread, long lasting
pain) and pharmacotherapy (sensitive to pregabalin or duloxetine, but not to morphine or
NSAIDs). The generalized pain in FM models was also abolished by LPAR1/3 antagonists or
LPAR1or LPAR3-gene deficiency. All these findings suggest that LPAR1/3 signaling could be
a promising therapeutic target for most of chronic pain. In the meeting I will also discuss the
systems in pathophysiology for chronic pain in terms of pain memory in the brain and
peripheral immune system.

Lysophosphatidic acid (LPA): Chemical signature of 
neuropathic pain and fibromyalgia
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A slow sensory system presents major problems for movement control. Yet,
despite this shortcoming the healthy brain composes exquisite movements.
Textbooks posit that this remarkable ability is due to the cerebellum, a structure
that learns to predict sensory consequences, thus overcoming time delays.
However, cerebellar neurons fire in patterns that do not correspond well with
movements. For example, neuronal activity is modulated long after the
movement has ended. Thus, the language with which the cerebellum expresses
its predictions has remained a mystery.

The idea that we have explored is that in the cerebellum, the fundamental unit
of computation may not be a single neuron, but a group of neurons that share
the same teacher. In this analogy, the teacher is the inferior olive, organizing the
students (Purkinje cells) into groups. To test this idea, we have measured
activity of neurons in macaques and marmosets and found that while activity of
individual neurons is difficult to decipher, activity of a group of neurons that
shares the same teacher is a rather precise predictor of the ongoing movement,
particularly during deceleration and stopping.

On the neural language of the cerebellum
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