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Spinal cord injury leading to the intervertebral disc [IVD] damage leads to chronic pain and
requires surgery with long recovery times. At present, pain management and post surgical
physiotherapy are available as options. The long process of healing severely affects the patient’s life
in different ways. In order to cut down the healing time with the same results we hypothesized that
one can genetically program stem cells into IVD producing progenitor cells and deliver them
precisely to the site of injury to naturally recover from the damaged IVDs. This method is
minimally invasive compared to complex surgery. In this study, the sonic hedgehog [SHH] protein
was chosen as the target for genetic engineering to differentiate the stem cells in vitro before using
them for IVD damage repair. SHH plays a critical role in cell differentiation. We performed a
detailed structural analysis of SHH bound to the patched receptor for protein engineering and
chemical biology approaches.
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Figure 1. The overall proposed workflow for stem cell therapy treatment to repair the damaged IVDs using genetic
engineering and protein engineering protocols.
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Among the major disorders, intervertebral disc
(IVD) damage has been a menace throughout the
world. Majority of the adults aged 30-50 are
affected by IVD damage. IVD is mostly caused
due to heavy weight lifting and working
continuously for long hours. Human spine is made
up of 33 bones called vertebrae. IVD is the disc
that is present in between the two vertebrae of the
spinal cord except for the first cervical segment.
There are 23 discs in the human spine (6-cervical
region, 12-thoracic region, 5-lumbar region). Each
disc contains a nucleus that acts as a shock
absorber, absorbing the impact of the body’s
activity and keeps the two vertebrates separately
acting as strong elastic pivot for each joint segment
of the spine. Disc has a tough exterior with a soft,
gel-like interior creating cushions between the
bones. Each Disc is covered on the two sides by
the subchondral plate and cartilaginous endplate.
The nucleus consists of nucleus pulposus and the
outer region comprises of annulus fibrosus. Nearly
60-80% of the disc consists of water and the
remaining primarily consists of type - 2 collagen
and proteoglycans.

The common type of disc problem
includes, (i) Herniated disc or slipped disc, (ii)
Pinched nerve, (iii) Degenerative disc disease, (iv)
Spinal stenosis, (v) Sciatica and (vi) Bulging disc.
Common symptoms of the IVD damage problem
include back pain, arm pain, neck pain, leg pain,
muscle weakness, numbness, burning difficulty in
walking and sleeping. The available treatment
options for these problems are hot cold therapy,
physical therapy, steroid injections, yoga,
acupuncture, chiropractic manipulations and
massage therapy. In severe cases surgery is
performed. But these treatment options don’t
ensure complete cure.

In this study, we hypothesized that one can
genetically program pluripotent stem cells into
Nucleus pulposus progenitor cells and deliver them
precisely to the site of injury to naturally recover
from the damaged IVDs (Figure 1). We propose to
use the pluripotent stem cells from bone marrow or

umbilical cord as a starting point and genetically
engineer them into nucleus pulposus progenitor
cells that can naturally regenerate the damaged
IVD. As a part of the proposed genetic engineering
protocol, we are focussing on the sonic hedgehog
(SHH) pathway first which interacts with cell
receptor proteins such as patched [PTCH] and
transcription factors such as gli. SHH is a growth
factor protein responsible for cell differentiation
during embryonic development. SHH interacts
with patched (PTCH) and smoothened (SMO)
receptors and triggers the downstream signals. Gli
is a transcription factor that relocates into the
nucleus and helps the expression of SHH target
genes which further help in cellular differentiation.
The activation of SHH signaling requires binding
of SHH to the PTCH mediated smoothened (SMO)
(PTCH-SMO) receptor complex and induction of
downstream signaling cascade. This is a
heterodimeric receptor complex consisting of two
transmembrane subunits, namely PTCH and
SMO. They have seven alpha helices that play a
major role in the downstream SHH signaling. The
PTCH suppressor is normally a molecular
transporter. PTCH indirectly inhibits the SMO
activity as a response to the binding of SHH with
PTCH. SMO is activated and stabilized. The
activated SMO initiates the SHH downstream
signaling cascade. It generates intracellular signals
that regulate several protein kinases, which
activates transcription factors such as GLI.

In order to understand the overall
organization of the SHH analysis of its core
domain structure was performed using
computational biology tools. Structure of SHH was
downloaded from the protein data bank (PDB ID:
3HO5). The analysis includes evaluation of
structure (α helices and β strands) using PyMOL
molecular graphics software. Hydrogen bond
analysis was performed using PyMOL. All
hydrogen bonds with bond lengths less than 3 Å
were considered as strong hydrogen bonds (Table
1). Evidently, only 4 out of 13 hydrogen bonds
were found to be weaker.
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Figure 2. Structure of SHH and PTCH dimer.

SHH is a 45 kilo Dalton protein containing
462 amino acids. SHH consists of an N-terminal
and a C-terminal domain with a protease cleavage
site in between. After cleavage, the N-terminal
domain binds palmitate and cholesterol to become
functionally active. Next, we analyzed the binding
interactions of SHH with PTCH (PDB ID: 6RVD).
The right panel of Figure 2 shows the active
complex in which the SHH is bound to PTCH such
that the smoothened (SMO) allows the
transcription of target genes through GLI1 but
when the hedgehog interacting protein (HHIP)
binds to SHH then SMO is inhibited so that the
downstream transcription of the target genes is also
inhibited. The current study revealed the
interactions between SHH and HHIP (PDB ID:
3HO5) shedding light on how SHH is regulated by
the HHIP from binding PTCH. This mechanism of
SHH targeted gene regulation can be achieved by
tweaking the interactions between SHH and HHIP
to enhance their mutual binding affinities.

SHH Bond length HHIP
Tyr44 2.7A Thr418
Tyr44 2.6A Asp387
Lys178 3.4A Asp387
Glu176 2.6A Gly384
His180 2.9A Asp383
Glu136 3.0A Ala311
His133 3.4A Asp383
Arg153 2.9A Glu380
Arg153 3.0A Glu380
Arg123 3.1A Glu380
Lys87 2.8A Glu380
Lys87 2.8A Glu381
Thr125 3.1A Glu380

Table 1. List of hydrogen bonds between SHH and HHIP.
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This strategy will be used as a part of our protein
engineering protocol that will be used in future to
differentiate stem cells into nucleus pulposus
progenitor cells. These differentiated cells will
then be tested in animals for their performance in
the IVD damage repair. All further research on this
project will be published in the future issues of
TCABSE-J.
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