Human sensory neurons derived from iPS as a human in vitro model of peripheral pain
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INTRODUCTION
Somatosensory disorders due to pathological causes (peripheral neuropathies), to spinal impairment or to injured peripheral nerves can generate a wide range of symptoms. Peripheral pain, one of the most prevalent symptoms, can be unbearable for patients. As the sensitivity of a specific
receptor varies between species, a model based on human sensory neurons seems to be of interest. First, we aimed to influence/improve peripheral pain by the enhancement of peripheral nerves regeneration capacity. Some compounds by their positive trophic effect could positively influence
the growth of sensory neurons and re-innervate skin by wound healing or injured nerves restoration. To discriminate compounds according to their trophic effect, we developed a relevant in vitro cellular model of peripheral pain based on human sensory neurons derived from human iPS cells.
We first formed spheroids of neuron precursors to incubate them in the presence of compounds, previously trapped to each pole of the culture well. We validated our cellular model by using NGF as reference compound and demonstrated a preferential growth of neurites network toward NGF.
We finally developed a monolayer culture of neuron precursors differentiated in sensory neurons in a 96 well plate model in order to screen compounds according to their trophic actions on the neurite length. The second studied parameter of peripheral pain was the resulting activation of
mechanoreceptors and nociceptors. To separately study each sensory receptor, we used human sensory neurons cultured in 96 well cell plates. We characterized several sensory receptors by immunostaining. This model allowed us to carry out/implement several functional studies based on the
ability of sensory neurons to release neurotransmitters after specific stimulations in order to screen compounds according to their capacity to decrease nociceptors activation. The technology of human fibroblast differentiation into human sensory neuron enabled to build in-vitro models of
compounds screening with predictable results comparable to human in-vivo studies results and is of great interest for further studies.

MATERIALS AND METHODS
Generation of hiPS, Neural Stem Cells induction and spheroids differentiation :

Human sensory neurons differentiation in monolayer :

Neurotrophic assays :

Primary skin fibroblasts were infected with a lentivirus encoding for KLF4, OCT4, SOX2 and c-MYC.
Obtained hiPS colonies were picked about 4 to 6 weeks after infection based on their morphology
and expanded in mTESR1 medium in BD Matrigel® coated dishes. NSC were obtained by changing
medium by Liquid Neurobasal®-A Medium supplemented with 1% N2, 1% B27, 1% InsulinTransferin-Selenium-G, 1% glutamine, 20ng/ml bFGF and 20ng/ml EGF for 16 hrs. Then, medium
was replaced by Neurobasal®-A Medium, 1% N2, 1% B27, 1% ITS-A, 1% Glutamine, 20ng/ml bFGF
and 20ng/ml EGF on BD Matrigel®-coated plates. Medium was replaced every day. After fifteen
days, NSC cells were transferred onto Fibronectin-coated plates. At confluence cells were scrapped
and spontaneously formed spheroids. These spheroids were plated in 24 wells culture plates
coated with collagen 1 and laminine in Neurobasal®-A Medium supplemented with 1% N2, 1% B27,
1% ITS-A. NGF at 50ng/ml was trapped in a gel of type 1 collagen.

hiPS cells were plated in 6 wells culture plates coated with a thin layer of BD Matrigel® and cultured
at 37°C in DMEM-F12 medium supplemented with 0.1µM of retinoic acid, 1µg/mL of EPO, 10% of
KSR, 1% of P/S and a cocktail of inhibitors during 10 days. At day 8 cells were plated, 17000 cells by
wells, on 96 wells plates coated with a thin layer of BD Matrigel®. At day 10, medium was replaced
by DMEM-F12 supplemented with 10ng/mL of NT-3, 10ng/mL of GDNF, 10ng/mL of BDNF,
10ng/mL of NGF and 1% P/S. Medium was changed every 2 or 3 days.

After 10 days of differentiation, cells were incubated in a medium composed by DMEM-F12
supplemented with 10ng/mL of NT-3, 10ng/mL of GDNF, 10ng/mL of BDNF and different
concentrations of NGF during 5 days.

Imunolabeling and analyses
Cells were fixed by a solution of 2% paraformaldehyde in the culture medium. Cells were
permeabilized and non-specific sites were blocked with PBS containing 0.1% of saponin and 1%
fetal calf serum. Human sensory neurons were stained by primary antibodies for 2H. These
antibodies were revealed with Alexa Fluor secondary antibodies for 1H. Nuclei were labeled by a
Hoechst solution. Pictures were taken using InCell AnalyzerTM 2000 (GE Healthcare).

Calcium mobilization assays :
After 19 days of differentiation, cells were incubated with fluorescence calcium specific probe
Fluo-4AM at 3 µM during 30 minutes. Cells were washed 3 times with PBS, incubated in a DMEM
medium without phenol red and transferred on the motorized stage of the inverted microscope,
pictures were taken every 300ms with a camera during 120 seconds. After 20 seconds of
observation, sensory neurons were activated by capsaicin at the final concentration of 10µM or
control medium. Ca2+ mobilization, showing TRPV1 sensory neuron receptor activation, was
assessed by measuring the increase of the average fluorescent level by field.

RESULTS
Trophic effect of NGF on human sensory neurons organized in
B
spheroids
A

Human sensory neurons derived from hiPS cells express sensory neurons specific markers
E

DAPI

β-tubulin

TRPV1

MERGE

J

I
Marker

A : Images showing the differential growth of neurites from human sensory neurons
spheroids. Collagen type 1 gels containing NGF were placed on the top of wells while
empties collagen type 1 gels were placed on the bottom of the wells (x4, scale bar:
150µM). B: Quantification of the displacement of the center of mass of the structures,
Positive displacements indicate a growth in direction of NGF, negative displacements
indicate a growth in direction of negative control.
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Trophic effect of NGF on isolated human sensory neurons
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C : Effect of NGF on the growth of isolated human sensory neurons . Data expressed in
percentage of control (mean ± s.e.m; * p<0.05; ** p<0.01; *** p<0.001; one way Anova
followed by Dunnett’s test). D: Images showing human sensory neurons in absence
(left) or in presence (right) of NGF in culture medium (x20, scale bar: 60µM).
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Determination of the optimal culture parameters for functional
studies of TRPV1 receptor by calcium mobilization assays
L

sem
4
4
4
4

E: Images showing TRPV1 receptors expression by
isolated human sensory neurons derived from iPS
(x10, scale bar: 20). F : Images showing
neuropeptide Substance P expression by isolated
human sensory neurons derived from iPS (x10,
scale bar: 20). G : Images showing neuropeptide
CGRP expression by isolated human sensory
neurons derived from iPS (x20, scale bar: 60). H :
Images showing neuropeptide µ opioid receptors
expression by isolated human sensory neurons
derived from iPS (x20, scale bar: 60). I :
Quantification of the population of human sensory
neurons expressing each markers. Results are
expressed in percentage of the total human
sensory neurons population determined by
structural labeling (b-tubulin or neurofilament).
Isolated cultures are composed by different subpopulation of sensory neurons.
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J: Images showing intracellular level of fluorescence before (left) and after (right) 10 µM capsaicin
injection into the culture medium of isolated human sensory neurons. K: Quantification of the
mean of maximal level of fluorescence of human sensory neurons after activation of TRPV1
receptors by 10µM of capsaicin (mean of 6 wells by conditions). L: Representative curve of the
evolution of the level of fluorescence obtain for a sensory neurons stimulated by 10µM of
capsaicin after 19 days of culture (17 000 cells by wells). Results are expressed in arbitrary units.
Fluorescence evolution was measured during 120 seconds. M: Inhibition of calcium mobilization
in human sensory neurons treated by 10µM of capsazepine. Results are expressed in percentage
of control condition (non activated by capsaicin) (mean ± s.e.m; * p<0.05; ** p<0.01; ***
p<0.001; one way Anova followed by Dunnett’s test)..

CONCLUSION
The aims of this study was to develop an in vitro cell culture model based on human sensory neurons derived from iPS cells that allow to discriminate compounds on their trophic effect on neurites growth. As our first model based on spheroids structures failed to give reproducible results,
we developed a second model based on the direct differentiation of hiPS cells into sensory neurons. Considering the difficulty to reproducibly differentiate iPS cells in embrioid bodies, we first evaluate the efficacy of our differentiation protocol on monolayer cultures. We validated the positive
trophic effect of NGF on our human sensory neurons. We then characterized these human sensory neurons by highlighting the expression of several specific markers of sensory neurons. Finally we proved the functionality of our human sensory neurons by showing the calcium mobilization
obtained after stimulation of sensory neurons by capsaicin. Thus this model already allow to discriminate compounds on their ability to inhibit nociceptor s like TRPV1 but further assays are needed to study neuropeptide release modulation or to obtain spheroids forms .
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