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Identification of substance P receptors on fibroblast-like cells
derived from the periosteum: an in vitro cell culture study

Periost kokenli fibroblast benzeri hucreler Gzerinde P maddesi alicilarinin gosterilmesi:
In vitro hicre kalttrd ¢alismasi
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Objectives: Substance P (SP) is a neuromediator that
influences development, growth, and formation of
bone. Substance P receptors have not been specified on
osteoblast-like cells. It is assumed that the neural net-
work within the periosteum may be the site of neu-
roendocrine control mechanism of bone growth and
repair. The aim of this study was to identify SP recep-
tors on fibroblast-like cells derived from the perios-
teum.

Materials and methods: Fibroblast-like cells were
derived from the periosteum of six patients who underwent
femoral derotation and shortening osteotomy for develop-
mental dislocation of the hip. Periosteal tissue was removed
from the osteotomy site and the cells were suspended in cell
culture media and grown on 24-well macroplates.
Polyclonal SP antibodies were added and anti-rabbit perox-
idase conjugate (whole molecule) was used as a second
antibody. SP reactive sites on cell surface were screened by
addition of substrate (3-amino-9-ethyl carbazole+dimethyl-
formamide + 3% hydrogen peroxide). Surface and/or intra-
cellular staining was evaluated under microscope.

Results: Fibroblast-like cells showed immunostaining
for SP receptors. The presence of SP-sensitive binding
sites were identified on fibroblast-like cells derived from
the periosteum.

Conclusion: Substance P receptors shown on fibrob-
last-like cells derived from the periosteum are very like-
ly to have a modulating effect in periosteal bone growth
and healing.
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Amagc: P maddesi (SP), kemigin gelisimi, iyilesmesi ve
yeniden sekillenmesinde gorev alan sinir kokenli diizen-
leyicilerdendir. P maddesi alicilar1 (reseptorleri) osteob-
last benzeri hiicreler iizerinde daha 6nce gosterilmemis-
tir. Periost icindeki periferik sinir aginin kemigin biiyii-
mesi ve onarilmasini kontrol eden mekanizmalardan biri
oldugu ongoriilmektedir. Bu calisma, periost kaynakl
hiicre kiiltiiriinde, fibroblast benzeri hiicrelerde bulunan
SP alicilarin1 tanimlamak igin diizenlendi.

Gerec ve yontem: Fibroblast benzeri hiicreler, geligim-
sel kalga displazisi nedeniyle rotasyon-kisaltma osteoto-
misi uygulanan alt1 hastanin periostlarindan elde edildi.
Yaklagik 1.0 cm x 1.5 cm periost dokusu osteotomi bol-
gesinden alindi. Hiicreler kiiltiir otaminda 24 hiicreli
makroplaklarda ¢ogaltildi. Makroplaklara poliklonal SP
antijenleri eklendi. Anti-tavsan proksidaz konjugati (tam
molekiil) ikincil antijen olarak kullamildi. P maddesine
hassas bolgeler substrat (3-amino-9-etil karbazol + dime-
tilformamide + %3 hidrojen peroksit) kullanilarak isaret-
lendi. Hiicre i¢i veya iizeri boyanma mikroskopla deger-
lendirildi.

Bulgular: Laboratuvar ortaminda gerceklestirilen bu
hiicre kiiltiirli calismasinda, periost kokenli fibroblast
benzeri hiicrelerin membranlarinda P maddesine hassas
bolgeler saptandi.

Sonug: Periost kokenli fibroblast benzeri hiicrelerin
iizerinde gosterilen SP alicilar biiytik olasilikla kemigin
periosteal biiylime ve iyilesme siireclerinde diizenleyici
etkiye sahiptir.

Anahtar sozciikler: Hiicre Kkiiltiirli; kemik gelisimi/fizyoloji;
fibroblast; osteogenez; periost; P maddesi.
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Bone formation and repair are under the strict con-
trol of the immune, hematopoietic and neuroen-
docrine systems."” (Fig. 1). Osteocytes, cells of the
cambium layer of the periosteum, and the lining
cells that cover the entire endosteal surface of the
bone identify and respond to biophysical (mechan-
ical loading, magnetic field, electrical stimulation,
etc.) and/or biochemical incentives.” Incentives
presented to these cells act as systemic and local
mediators and initiate a stage- and dose-depen-
dent growth, formation, and repair process in
bone.” Blood-borne mediators such as transform-
ing growth factor (TGF)" and fibroblast growth
factor (FGF),”" and neuroendocrine effective ones
such as substance P (SP), calcitonin gene-related
peptide (CGRP), vasoactive intestinal polypeptide
(VIP) and neuropeptide Y (NPY) may be involved
in regulating various stages of these processes."”
The presence of intense sensory fibers of the
periosteum'"" is well-known and this tissue retains
its capacity for bone formation and remodeling
throughout life."*""

Substance P is a mammalian undecapeptide
(Arg-Pro-Lys-Pro-GIn-Gln-Phe-Phe-Gly-Leu-
Met-NH,) that belongs to the tachykinin family."”
Neural and non-neural sources of SP are derived
from the preprotachykinin-I gene." This neuro-

Bone regulatory mechanism

mediator is mainly found in the electron-dense,
large storage vesicles of unmyelinated, high
threshold C-type, and small, myelinated A-d type
fibers."” Some biological responses of SP include
motor control, contraction and endothelium-
dependent relaxation of vascular smooth mus-
cles, vasodilatation, and sensory neurotransmis-
sion. Wide tissue distribution of SP and interac-
tion with its ligands are associated with diverse
responses such as immunological responses, hist-
amine release, plasma extravasation, inflamma-
tion, fibroblast" and lymphocyte” proliferation,
and potentially, nerve regeneration and tissue
repair.”” Furthermore, it presents amino acid
homology with FGF*" and stimulates lymphokine
(IL-1, IL-6, TNF-a) production.” Most SP
immunoreactive fibers have been found close to
or within blood vessel walls,”** suggesting regu-
lation of intraosseous blood flow.”*"

esearch into SP immunoreactivity in the mus-

Research into SP tivity in th

culoskeletal system is not new. This neuromediator

has been identified in the joint capsule,”™™ liga-
)

[28,31] . [32] . [28,29,32]
ments,””" meniscus,” synovial membrane,
subacromial bursa,” subchondral region of the
long bones,"” intervertebral discs,”’ and develop-
ing skeleton.” Furthermore, bone marrow space
contains extended numbers of SP fibers, """
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Fig. 1. Mechanism of bone regulation and substance P (*).
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while bone graft incorporation results in a signifi-
cant increase in SP immunoreactivity.””
Pathological conditions such as degenerative,”*
rheumatoid,”™ mycobacterial,”” and adjuvant
arthritis®*"' are associated with increased SP
immunoreactivity.

The concentration of SP varies significantly in
the periosteum, bone marrow and cortical bone,
the first having the largest, the last having the
least concentration.”” Dense SP immunoreactive
fibers of the periosteum are well-defined.""*******
Thus, research into SP immunoreactivity in recent
years has concentrated on the cortical bone” and
bone marrow,"”*** but not on the periosteum.
Substance P receptors could not be identified in
bone-derived UMR 106-1, Saos-2 and MC3T3-E1
cells,"” indicating that SP has almost no direct
effect on the skeleton. Gronblad et al.*” early in
1984, and Hill and Elde™ in 1991 demonstrated
dense SP-like immunoreactivity in human and rat
periosteum. It is assumed that the neural network
containing periosteum may be the site of neu-
roendocrine control for bone growth and repair.

In this study, SP-sensitive receptors on fibrob-
last-like cells derived from the periosteum were
identified in cell culture.

MATERIALS AND METHODS

Collagenase Type IA-S (product no: C 9722), fetal
calf serum (FCS) (product no: F 4135), anti-rabbit
IgG (whole molecule) peroxidase conjugate (prod-
uct no: A 6154), BGJb medium (Fitton-Jackson
Modification) with L-glutamine (product no: B
6644), Dulbecco’s modified Eagle’s medium
(DMEM) (product no: D 5523), trypsin (product
no: T 4799), and antibiotics (penicillin-strepto-
mycin-amphotericin B) (product no: A 7292) were
purchased from Sigma Chem. Co., USA. T-25 and
T-75 tissue culture flasks were purchased from
Corning (product no: 430168, 430720). 24-well
macroplates were purchased from Costar (product
no: 3512). Substance P antiserum for immunocyto-
chemistry (Rabbit; Code: RPN. 1572) was pur-
chased from Amersham International, England.

Periosteal (fibroblast-like) cell culture: Periosteal
tissues were obtained from six patients undergo-
ing femoral derotation and shortening osteotomy
for the treatment of developmental dislocation of
the hip. The mean age of the patients (5 girls, 1
boy) was 3.2+1.4 years (range 2 to 6 years).
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Fig. 2. Cell culture steps.

Approximately 1.0 cm x 1.5 cm of periosteal tissue
was removed from the osteotomy site (Fig. 2), after
which it was immediately transferred into phos-
phate buffered saline (PBS) and minced into small
pieces aseptically. The minced pieces were either
digested using type II collagenase as previously
described by Nakahara et al."” or directly attached
to the bottom of tissue culture flasks allowing direct
cell growth from the tissue using FCS (Fig. 3, 4).
DMEM or BGJb mediums supplemented with 10%
FCS and antibiotics were used to grow the cells.

Fig. 3. Fibroblast-like cells (*) grown from the periosteal
tissue (x4).
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Fig. 4. Spindle-like fibroblastic cells (arrow) in culture,
having osteogenic/chondrogenic potential (x10).

Additional growth factors like TGF or FGF were
not included in the medium. The cells were moni-
tored by daily microscopic examinations and they
were subcultured when 80-90% of cell confluence
was obtained. Further cell cultures were obtained
by splitting cells into two. Cells were identified by

oy Lt T A

Fig. 5. Substar{c P-positive stained cells (arrow) (x40). a

their spindle-like morphology under light

microscopy and by alkaline phosphatase stain-
: [13]

ing

Immunohistochemical detection of SP-reactive sites
in cultured periosteal cells: The second passages of
the cells were grown in 24-well macroplates. Each
well was inoculated approximately with 10° cells.
The cells were maintained in BGJ;, medium con-
taining 1.0, 0.1, 0.01, and 0.001 uM of SP and incu-
bated at 37 °C in 95% humidified air + 5% CO, for
24 hours. At the end of this period, the SP contain-
ing medium was discarded and the cells were
washed several times with PBS containing 0.05% of
Tween 20. The cells were fixed by heat at 80 °C
instead of chemical fixation to prevent possible
blockade of the SP-sensitive binding sites.
Afterwards, polyclonal SP antibody diluted to the
range of 1:20 to 1:200 was added to the wells and
the system was reincubated for three hours with
shaking at room temperature. Anti-rabbit peroxi-
dase conjugate (whole molecule) was used as a sec-
ond antibody and incubation for this step was per-
formed as described previously."" SP-reactive sites
on the cell surface were screened by addition of
substrate (3-amino-9-ethyl carbazole + dimethyl-
formamide + 3% hydrogen peroxide). Staining was
evaluated by screening the intracellular and/or
surface accumulation of brown-reddish product on
the microscope.

RESULTS

Two different cell types, fibroblast-like and epithe-
lial-like cells, were morphologically distinguished
as described by Uchida et al." SP-reactive sites
were detected on fibroblast-like cells after
immunostaining (Fig. 5). Immunoreactivity was
most apparent at 1.0 and 0.1 uM concentrations of
SP. Immunoreactivity was not detected in epithe-
lial-like cells.

DISCUSSION

Findings of our cell culture studies revealed the
presence of SP-sensitive binding sites (or SP-like
immunoreactivity) on fibroblast-like cells derived
from the periosteum. The type of binding sites is
not defined in this study. Currently, tachykinin
receptors are divided into three homologous types:
SP-preferring neurokinin (NK) receptor, neu-
rokinin A-preferring NK; receptor, and neurokinin
B-preferring NKj receptor."*” Neurokinin A and B
NK receptors present a wide tissue distribution.
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Substance P has at least two types of receptors in
the central nervous system (SP-P and SP-E).”” The
receptors of fibroblast-like cells derived from the
periosteum are, therefore, speculated to be of neu-
rokinin A- or B-preferring NK type. Thus, further
studies are essential to define the receptor type and
intracellular pathways of SP-mediated periosteal
bone formation.

Growth factors for the stimulation of bone for-
mation are presented in the literature.**"**
Neouromediators, like growth factors, are pro-
duced in very small amounts and create their effect
in a very short time following their release before
being inactivated. Single injection of these media-
tors may give limited information on their effect on
the tissue because of this short period of activity.
The neuromediator should be provided in a con-
sistent manner for longer periods to evaluate its
long-term effects. Ekelund et al.** reported that
neuropeptides are involved in the regulation of
secondary developmental processes in bone, such
as mineralization and growth, and not in the early
phase of induction. This is supported by the obser-
vation of transitional effect of SP on the periosteum
in a week, demonstrated by the neuron-specific
protein gene product (PGP) 9.5.""

We suggest that SP may play an active role in
the initial stages of periosteal bone formation.
Furthermore, this neuromediator is involved in the
early organization of new bone formation.

Whether SP directly affects periosteal
osteogenic cells or arranges bone formation by
regulating the blood flow is yet unknown. The
stimulatory effect of SP on hematopoiesis in bone
marrow stroma is well demonstrated.”™ This
effect was mediated by adherent cells, abolished
by SP-antagonists, and partially reduced by anti-
IL-1, IL-3, IL-6 and granulocyte-macrophage
colony-stimulating factor (GM-CSF).” The rela-
tion between SP-immunoreactivity and blood
vessels is not investigated in the current study.
Thus, synthesis of an extracellular organic matrix
of cartilage and woven bone by new chondrob-
lasts and osteoblasts indicates a direct effect of SP
on cortical bone.

In conclusion, periosteum-derived fibroblast-
like cells present SP-sensitive binding sites and this
neuromediator may have an early transient stimu-
latory effect in periosteal bone healing.
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