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The pericyte progenitors and the pericytes 
are the ancestors of the inner ear structures
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Abstract
This short scientific overview concerns the morpho-functional 
comparison between the omnipresent pericytes and the pericytes of the 
inner ear and, besides some characteristic features of the last, provides 
evidence that the otic pericytes are authentic part of the omnipresent 
pericyte (adult stem cell) population of the vertebrate organism. In 
the present review we offer evidences for a new hypothesis that 
the pericyte progenitors and the pericytes, as pluripotent epiblast 
derivatives, are the ancestors of the supporting and hair cells of the 
Corti organ, the cells of the vestibular (balance) organ and the neural 
elements of the inner ear in norm and experiment. The most important 
evidences for this statement provide results concerning: 1. the origin 
of the inner ear vasculature; 2. the close relationships of the pericytes 
with the microvasculature of the inner ear (periendothelial location 
in microvascular niches); 3.their importance for the blood-labyrinth 
barrier; 4. the events that accompany the origin of the inner ear 
sensory epithelia; 5. the authentic stem cell qualities of the pericytes 
allowing the production of cells and tissues characteristic for the 
three embryonal germ layers: ectoderm, mesoderm and endoderm 
(during embryogenesis, in the adult organisms and at experimental 
and pathological conditions), as well as 6. the remarkable pericyte 
plasticity and their involvement in the immune system.
Key words: Pericytes, inner ear, cochlea, Corti organ, adult stem 
cells

List of Abbreviations:
AGM – Aorta - Gonad - Mesonephros
α-SMA – alpha Smooth Muscle Actin
BBB – Blood-Brain-Barrier
BLB – Blood-Labyrinth-Barrier
BM – Bone merrow
BrdU – Bromo-deoxyuridine
bFGF – beta Fibroblast growth factor
CD – Cluster of differentiation
CNS – Central nervous system
CO – Corti organ
dpc – days postcoitus
E – Embryonic day
EC – Endothelial cells
ESC – Embryonic stem cells
EPI – Epiblast
FBB – Fluid-Blood-Barrier
GER – Grater Epithelial Ridge
GFAP – Glial fibrillary acidic protein
GTPase – Guanosine –Triphosphatase
HIF – Hypoxya inducible factor
HSCs - Hematopoietic stem cells
ICM – Inner cell mass
LER – lower epithelial ridge
LTR – Long term repopulating 
HSCs - Hematopoietic stem cells
LGR5 or GPR49 - Leucine-rich repeat-containing G-protein coupled 

receptor
LTR – Long-term repopulating capability
MCAM (also CD146) - Melanoma cell adhesion molecule
MMS – Monocyte-Macrophage-System
MSCs – Mesodermal stromal cells
NCAM 1 (also CD56) – Neural cell adhesion molecule 1
NG2 – Neuron-glial antigen 2
NPB – Neural plate border
OEPD – Otic – epibranchial progenitor domain
PDGFRα and Я – Platelet-derived growth factor alpha and beta
PCs – Pericytes
PGCs – Primordial (primitive) germ cells
PPR – Pre-placodal region
PVM/MS – Perivasculkar resident macrophage-like melanocytes
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RGS-5 – Regulator of G protein signaling – 5
SOX2 – SOX2 (SRY(sex determining region Y) – box 2
TPCs – Transit amplifying cells
VEGF – Vascular endothelial growth factor
W - Weak
UCB – Umbilical cord blood

Definition of pericytes
The pericytes are cells that are integral part of the 
microvasculature (precapillaries, capillaries, post-
capillaries) of tissues and organs. They have (1, 
2) within a space called true microvascular niche 
where they remain the whole life as resting adult 
pluripotent stem cell population for tissue/organ 
generation, maintenance, repair, and regeneration 
of the structures in the adult vertebrate organism 
(3 - 9). For the immunohistochemical identifica-
tion of the pericytes a number of bioactive mark-
ers (transcription factors) that they express is used 
because there is no a typical marker that identifies 
only the pericytes. The most frequently used fac-
tors are: Cluster of differentiation 146 (CD146; 
also known as Melanoma cell adhesion molecule; 
MCAM), Cluster of differentiation 56 (CD56; also 
known as Neural cell adhesion molecule – NCAM 
1), Platelet-derived growth factor receptor beta and 
-alpha (PDGFR-Я and -α); alpha-smooth muscle 
actin (α-SMA); tropomyosin; desmin; Nestin (pre-
dominantly during the activation and proliferation 
of the pericytes), Neuron-glial antigen 2 (NG2, a 
chondroitin sulfate proteoglycan); Aminopeptidase 
A and –N; Membrane glycoprotein Thy-1 (CD90); 
regulator of G protein signaling 5 (RGS-5): a 
GTPase-activating protein; clas III beta tubulin; 
pericyte-associated cell surface antigen (3G5) (1, 
4, 5, 8 - 16).

The pericytes are the adult stem cells of the 
vertebrate organism, inclusive the inner ear
With minor exceptions (17, but see 18), the peri-
cytes have been increasingly defined as the plu-
ripotent stem cell type of the adult mammalian 
body (see 8, 9, 19, 20). They are an omnipresent 
cell population (pan-organ stem cells; 9, 21). This 
is related to the fact that the pericytes represent the 
only pluripotent adult cell population in the verte-
brates that are able to produce structures character-
istic for the tree embryonal germ layers (ectoderm, 
mesoderm and endoderm) which explains their 
extraordinary high plasticity. All other stem-like 

cells in an organism (inclusive the Mesenchymal 
Stem Cells – now renamed Mesodermal Stromal 
Cells – MSCs, see 9, for references; 12, 24-26; 
also tumor cells 124) represent pericyte progeny 
(TPCs: Transit amplifying cells that transdifferen-
tiate to progenitor cells) with diminished potency, 
namely they are multipotent cells which differenti-
ate, via intermediate forms, toward progenitors of 
numerous characteristic for an organ immature and 
mature cells. Their differentiation depends on the 
location, the stage of differentiation, the influences 
of the epigenetic (key intrinsic regulators) and the 
environmental factors. These events start to func-
tion very early in the embryogenesis with the early 
epiblast and the trophectoderm cells of the blasto-
cyst (22, 23). 

Key moments of the embryogenesis of the 
sensory placodes and the inner ear
The inner ear originates early in embryonic devel-
opment with the generation of the sensory plac-
odes. The cells of the sensory placodes are progeny 
of the epiblast, a cell cluster arising within the 
inner cell mass of the blastocyst (23). A part of the 
epiblast cells become committed toward definitive 
ectoderm and the neural plate (CNS). A second part 
generates the neural plate border (NPB) ectoderm 
or the pre-placodal region (PPR)(Fig 1)..

Origin of the inner ear vasculature
Normal blood supply to the cochlea is very impor-
tant for establishing the endocochlear potential and 
sustaining production of endolymph (2, 27, 28). 
The inner ear pericytes are also structural and func-
tional components of the microvasculature. 
The inner ear vasculature is part of the head resp. 
brain vasculature that originates very early during 
embryogenesis. It is important to note that the car-
diovascular system is the first functioning system 
in the vertebrate embryogenesis (29 - 31). The ori-
gin of the vascular system starts with the develop-
ment of extraembryonic angioblast cells (32) which 
in chick are generated from pluripotent epiblast and 
hypoblast bFGF-expressing cells of the pregastrula 
stages embryonic mesoderm (33, 34) that build the 
endothelial precursors. These cells assemble and 
generate a thin capillary network termed primary 
(perineural) capillary plexus (35, 36). 
The new created endothelial cells migrate toward 
the progeny of the embryonic mesoderm, namely 
the paraaortic splanchnopleura and its derivative, 
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the aorta-gonad-mesonephros (AGM) region, as 
well as the yolk sac where they generate blood 
islands that comprise vascular endothelial cells and 
hematopoietic stem cells (nucleated red blood cells) 
(30, 37 - 41; for the allantois see 42). Moreover, in 
E12.5 to E17.5 mouse embryos, strong expres-
sion of Rgs��in the arterial walls was observed by 
(43). Interestingly, the Rgs�-positive cells strongly 
resemble the pericytes which also produce platelet-
derived growth factor receptor (PDGFR)-β. 
The inner ear receives its blood supply from the 
spiral modiolar artery (or cochlear artery, 44), a 
branch of the anterior inferior cerebellar artery 
whose branches generate three parallel networks 
(27). Thus, it became evident that the inner ear is 
richly supplied with vessel networks some of which 
contain a large number of pericytes, which show 
clear structural and biochemical plasticity (2, 27, 
45- 47). The main capillary networks in the inner 
ear are the vascular plexuses of the Stria vascularis 
and of the Spiral ligament in the cochlear lateral 
wall, followed by the plexus of the osseous spiral 
lamina (48). Using immunohistochemistry for the 
pericyte marker proteins: alpha-smooth muscle 
actin (α-SMA), desmin, Thy-1(CD90), tropomyo-
sin, and neural-glial antigen (NG2), Shi et al (45) 
reported that pericytes were predominantly found 
in the capillary network of the cochlear lateral wall, 
with considerable morphological and biochemical 
heterogeneity across different types of microves-
sels. For example, pericytes on the vessels of the 
spiral ligament strongly express the gap junc-
tion protein connexin 40 as well as alpha-smooth 
muscle actin (α-SMA), tropomyosin, and desmin. 
In contrast, pericytes on the vessels of the stria vas-
cularis show positivity for desmin, but not α-SMA 
and tropomyosin (2, 45, 49). These differences may 
reflect variations in the maturity of the pericytes 
under study connected with a process of differen-
tiation from the arteriolar precapillary toward the 
postcapillary venule pericytes (11). In the last the 
pericytes are more differentiated and have lost their 
α-SMA capacity. Functionally this may suggest 
that pericytes on spiral ligament vessels may have 
contractile properties, while those on the stria vas-
cularis may not (49, 50). Recently Jiang et al (48) 
reported about changes in cochlear vascular density 
with ageing (s. 51). A similar event was observed 
in the vessel of the basilar membrane in the rat 
cochlea. The vessel of the basilar membrane under 
the organ of Corti is much larger during embryonic 

life, in comparison with the adult life, which allows 
the presumption that it may be important for the 
development and the regeneration of the organ of 
Corti (28, 52).

The pericytes, the microvasculature and the 
neuro-vascular unit (NVU)
As mentioned the pericytes are a structural com-
ponent of the microvasculature. This is the first 
important definition feature. Montiel-Eulefi et al 
(53) found that embryonic (epiblast) stem cells 
derived from the inner cell mass of the rodent 
blastocyst (at 6 - 6.5 dpc) produce primordial germ 
cells and pericyte stem cells associated to the ves-
sels endothelium in the yolk sac. As we will see 
below the growing vasculature is the structure that 
fulfills the broad dissemination of the pericytes in 
the whole mammalian organism during embryo- 
and fetogenesis, adult angiogenesis as well as 
organ reparation/regeneration, and tumorigenesis 
(124).
There is close relationship between the vasculature 
and the innervation of an organ. Both operate as 
a neuro-vascular unit and influence each other 
(49, 50, 54- 57). Dore-Duffy (58) highlights that 
pericytes are highly complex regulatory cells that 
communicate with endothelial cells and other cells 
of the neurovascular unit (neurons, astrocytes, 
microglia, macrophages) by direct physical con-
tact and through autocrine and paracrine signal-
ing pathways (55, 56, 59, 60). Moreover, Shi (27) 
inform that fibrocytes of the lateral cochlear wall 
resemble astrocytes and glial cells of the CNS. In 
this respect there is evidence that the pericytes are 
ancestors of both fibroblasts/fibrocytes and radial 
glia cells/astrocytes (s. 9). Pericytes of the CNS - 
subventricular plexus transdifferentiate into radial 
astroglia (61, 62). Also Nestin-, NG2- and GFAP- 
positive cells were described in the CNS (63, 64). 
As mentioned below, the presumption exists that 
the perivascular resident macrophages are also 
pericyte progeny (65).

Pericytes and Organ-blood and blood-tissue 
barriers
It was also established that the pericytes are a 
key component of the different blood-tissue- and 
blood-organ barriers (blood-brain-, the blood-pla-
centa-, the blood-retina-, the blood-testis- and the 
blood- thymus-barrier; 66, 67). 
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The pericytes are also involved in the construc-
tion and function of the blood-labyrinth-barrier 
(BLB) of the inner ear (50) or cochlear intrastrial 
fluid-blood barrier (FBB; 2). The BLB comprises 
endothelial cells (ECs), pericytes (PCs), basement 
membrane (BM), perivascular resident macro-
phage-like melanocytes (PVM/Ms) and fibrocytes, 
which together form a complex “cochlear-vascular 
unit” in the strial microvasculature (2, 27, 49, 60, 
68). According to Shi (2) the BLB in the stria vas-
cularis is a highly specialized capillary network 
that controls exchanges between the blood and the 
interstitial space in the cochlea. The BLB is impor-
tant for the normal blood supply to the cochlea, for 
sustaining the endocochlear potential, ion transport, 
and endolymphatic fluid balance, and for prevent-
ing toxic substances from entering the cochlea (68). 
Moreover, it is important to note that the PVM/Ms 
possess typical astrocytic features thus, resembling 
astrocytes and glial cells of the central nervous 
system (CNS) blood brain barrier (BBB) (27, 46; 
59; see 69 for tissue resident perivascular macro-
phages which are also pericyte progeny). Recently, 
Zhelezov and Tonchev (65) discuss the possibility 
that ancestors of the monocyte-macrophage system 
may be the pericyte progenitors and the pericytes 
itself. 

Origin of the inner ear pericytes
During early embryogenesis the epiblast (primitive 
ectoderm) represents a temporary structure. How-
ever, after its relatively fast exhaustion, the migrat-
ing epiblast progeny retain its pluripotency for a 
longer time until reaching the stage of specific cell 
differentiation (s. 70). At the same time these cells 
are involved in vasculogenesis and angiogenesis 
and partly become enclosed within the true micro-
vascular niches where they remain the whole life as 
resting pluripotent adult stem cells (pericytes) for 
generation, repair and regeneration of outworn or 
damaged mature cell/tissue/organ structures of the 
vertebrate organisms. 
The literature provides a lot of evidences indi-
cating that the pericytes originate from the plu-
ripotent embryonal epiblast. The epiblast (EPI) or 
primitive ectoderm represents part of a cell cluster 
(inner cell mass: ICM) at the animal (embryonic 
or implantation) pole of the embryonal blastocyst 
(71). Suwinska and Ciemerych (23) described that 
cells located deeper within the inner cell mass 
(ICM) form pluripotent EPI in postimplantation 

embryos (E5.5–E7.5 in the mouse) which gener-
ates the conceptus and some of the extraembryonic 
membranes, such as allantois and amnion. Epiblast 
cells migrate along the outer edges of the extraem-
bryonic reticulum (which represents extracellular 
matrix produced by cytotrophoblast cells and cells 
of the Heuser’s membrane) and form the extraem-
bryonic mesoderm. From the anterior mesoderm 
a lateral region (the para-aortic splanchnopleura) 
the aorta-gonad-mesonephros (AGM) region arises 
(39, 40). The epiblast is the ancestor of the Primor-
dial germ cells (PGCs) and hematopoietic stem 
cells (HSCs), which migrate from the hindgut and 
the yolk sac toward the AGM region at 10.5 dpc in 
mice and around the 5th to 6th week in humans, 
and arrive into the genital ridges that lie on the dor-
sal body wall (11.5 dpc in mice and the 6th week 
in humans).
In addition to the PGCs and the HSCs the pluripo-
tent EPI produces early the pericyte progenitors 
(cf. 9, 19, 39) and a little bit later the three embryo-
nal germ cell-layers: ectoderm, mesoderm and 
endoderm (Fig. 1). The stem cell potential in the 
early embryo appears to depend on the interac-
tion between the intrinsic (epigenetic) expressed 
embryonic and the appropriate extrinsic environ-
mental factors for their cell fate determination (see 
also 22).The pericyte progenitors disseminate with 
the developing vasculature to the target structures 
and become pericytes situated within true niches of 
the microvasculature. It seems also very likely that 
these pluripotent cells become the ancestors of the 
structural components of the inner ear. 

Pericytes and the origin/regeneration of the 
inner ear structures
It is well known that the structural components of 
the inner ear originate from an ectodermal thicken-
ing called otic placode (71). In higher vertebrate 
embryos, around the time of gastrulation, shortly 
after the origin of the neural plate, cells from the 
pregastrulation stage epiblast generate the neural 
crest and all placodes (72 - 75). As Chen and Streit 
(76) described, the placode specification is a mul-
tistep process. As a first step, in the ectoderm sur-
rounding the anterior neural plate, a territory (band 
of ectoderm; neural plate border; NPB), designated 
pre-placodal region (PPR) differentiates (76 – 79, 
121- 123) in which all sensory progenitor cells 
become specified (Fig. 1). Thus, the PPR con-
stitutes a panplacodal primordium that produces 
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both, neural crest and placodes from populations 
of multipotent sensory progenitor cells near the 
border of the neural plate induced by signals of 
the neural plate (Hensen’s node of the primitive 
streak /Spemann organizer/, “the organizer”: 80) 
and the head mesoderm (72, 75), respectively. The 
pre-placodal region is in fact part of the pluripotent 
epiblast (s. 81, 120). In a second step follows the 
differentiation of the otic-epibranchial progenitor 
domain (OEPD) which represents a common terri-
tory for both otic and epibranchial precursor cells 
(“posterior placodal area”, 73) which express Pax2 
as one of the earliest OEPD markers (76, 79). In a 
third step the separate otic territory is formed (76) 
which is further converted into the invaginations: 
otic cup and otic vesicle. 
The neural plate border pre-placodal ectoderm 
(NPB-PPE) cells express the transcription factor 
Six1 and its coactivator Eya1 (74, 76, 82, 83). 
According Grocott et al (79) the Six and Eya 
network lies at the heart of sensory progenitor 
specification. It is important to note that the authors 

hypothesize that in response to neural and placode 
inducing signals, cells of the border pass through 
a common, preneural state, which is similar to the 
epiblast before gastrulation and to the embryonic 
stem cells (75). This fact provides evidence for the 
existence of pluripotent stem cells during a longer 
period of embryogenesis. This view is supported 
by the results of Xu et al (84), who reported, that 
a new established multipotent stem/progenitor cell 
population contribute to generation of hair, sup-
porting and glial cells in the cochlea during devel-
opment, maturation and repair. These multipotent 
progenitors originate from Eya1- expressing otic 
progenitors and its expression is later restricted 
to the sensory cells, the spiral ganglion cells with 
glial morphology and cells of the stria vascularis. 
Probably these cells are pericyte progeny in form 
of TPCs. In the spiral ganglion region the Eya1 
positive cells express also Nestin, GFAP, Neurog1 
and Neurod1 (see 82, 85, 86). Xu et al (84) provide 
evidence that sensory hair cells and supporting 
cells in the organ of Corti as well as glial cells in 

Figure 1: The diagram shows the initial phases of development of a vertebrate embryo from zygote to cranial placodes. 
Note, the epiblast (primitive ectoderm) produce pluripotent transit amplifying cells (TACs) which develop to pericyte 
progenitors and the Neural plate border ectoderm with the pre-placodal region (PPR) which further differentiate toward 
neural crest stem cells and the cranial placodes.
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their associated spiral nerve fibers and ganglion 
share a common progenitor. However, Hoijman 
et al (87) identify pioneer cells expressing Neu-
rog1 outside the otic epithelium that migrate and 
ingress into the epithelializing placode to become 
the first otic neuronal progenitors. The authors 
emphasize that in the neurogenic domain, Neurog1 
induces Neurod1 expression, which among others 
is required for delamination of neuroblasts from the 
epithelium. It seems very probable that these early 
ectoderm cells belong to the initial progeny (inter-
mediate) of the epiblast cells being under way to 
generate the late ectoderm, the neural crest and the 
sensory placodes. The hypothesis for neural crest 
cell determination for production of inner ear cells 
was recently contradicted by a number of studies 
providing strong evidence that the neural crest stem 
cells do not contribute to creation of inner ear cells 
(see 86 for review).
In addition, Pechriggl et al (88) found that during 
the 8 gestation week (W8) in humans, Ki67+ cells 
coexpresing Nestin were seen in the epithelium of 
the future organ of Corti, especially in the lateral 
wall, in the greater epithelial ridge (GER) and the 
surrounding mesenchyme. At W11, Ki67 positive 
cells dramatically declined and were further dif-
ferentiated to tympanic border cells and some sup-
porting cells as shown by (89) in murine cochleae. 
Using Ki67 and bromo-deoxyuridine (BrdU) Tani-
guchi et al (89) describe in details the proliferative 
behavior of the Nestin positive tympanic border 
cells and their further differentiation toward sen-
sory epithelial cells. In addition, the chick preplac-
odal epiblast express the transcription factor Spalt4 
(also known as Sall4) that was later established in 
the otic, lens and olfactory placodes (81, 90). The 
authors presume that the Spalt4 may be involved 
in the creation of the placode region, because it 
is expressed earlier than the specific otic placode 
markers. Sall4 is also important for the delamina-
tion of neural cells from the placode ectoderm. 
Presently, beside vasculature, there is no evidence 
for the direct participation of the pericytes in the 
generation and regeneration of cochlear cells. Cur-
rently it is favorited that the structural components 
of the inner ear originate and regenerate only 
from pluripotent stem cells (47, 91 - 93). More-
over, studies of the lateral line sensory epithelia 
in amphibians suggest that supporting cells, by a 
process of proliferation and transdifferentiation, 
may be the precursor for new hair cells following 

injury (94 - 96). In analogy with other mammalian 
tissues and organs, we presume that the ances-
tors of the cochlear structures are the pluripotent 
pericyte progenitors (as epiblast progeny) and the 
pericytes itself (representing the epiblast in the 
mature/adult organisms; see 9). Evidence for this 
hypothesis provide results obtained from studies 
on the embryonal and postnatal ear development as 
well as from studies that track the regeneration of 
the cochlear structures after their pathological and 
experimental destruction (97).
This interpretation is facilitated by recent evidences 
concerning the formation of the pluripotent epiblast 
in the preimplantation and postimplantation blasto-
cyst during early embryogenesis (22, 23). Accord-
ing Trevers et al (75) cells from the pregastrulation 
stage epiblast generate the “pre-border” (structure 
between the primitive ectoderm (the epiblast) and 
the neural plate from which the sensory placodes 
arise) whose cells show similarity with the induc-
ing factors producing cells of the Hensen`s node, 
the head mesoderm and the hypoblast. The authors 
provide evidence that in response to neural and 
placode inducing signals, cells pass through a 
common preneural state, which resemble the epi-
blast before gastrulation. As mentioned, we sup-
pose that the migrating epiblast progeny retain its 
pluripotency for a longer time before starting the 
specific differentiation. However, one part of these 
pluripotent stem cells become enclosed within the 
true microvascular niches and remain there in form 
of resting pluripotent adult stem cells the whole life 
for cell/tissue/organ generation and physiological 
and pathological reparation and regeneration (98, 
99). Thus, it could not be excluded that these cells 
are the ancestors of the multipotent stem/progenitor 
cells described by Xu et al (84) that are progeny of 
the Eya1-expressing otic progenitors which can be 
established in the mouse postnatal cochlea beyond 
1 week of age (s. 117).
One additional argument provides the differen-
tiation of the basilar membrane vessel. It is most 
strongly activated during the embryonic develop-
ment of the organ of Corti. After that it becomes 
inactivated and in some places it cannot be recog-
nized (28, 48). This indicates that the vessel and its 
communicating branches are most active during the 
origin of the sensory cochlear structures (100) and 
after reaching the necessary number their produc-
tion stops or diminishes significantly (84).
Similarly, the vascular spiral plexus is most strongly 
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activated during embryogenesis (88) and during the 
regeneration of the structures of the organ of Corti. 
Shi (49) provides a detailed description of the 
behavior of the cochlear pericytes following acous-
tic stress (wide-band noise exposure accompanied 
by hypoxia, vessel destruction, increase in pericyte 
coverage of the vessels, increased expression levels 
of desmin associated with the induction of hypoxia 
inducible factor (HIF)-1α and the up-regulation 
of vascular endothelial growth factor (VEGF)). 
Shi (49) provides evidence that noise damages the 
blood-labyrinth barrier and induces vascular leak-
age. As a result the mechanosensory receptors (the 
inner ear hair cells) of the Corti organ are damaged 
or destructed and in mammals they are not able 
to regenerate. It seems likely that these cells are 
pericyte progeny that in form of TPCs move along 
the basilar membrane vessel and accumulate in this 
space as tympanic border cells. In the avian cochlea 
these cells further migrate upward, penetrate the 
basilar membrane and contribute for the regen-
eration of the cochlear supporting and hair cells 
as well as for neurons and glia cells of the spiral 
ganglion (89).
Thus, the supporting cells can be determined as 
TPCs of the pericytes that migrate (101) and dif-
ferentiate to precursors of the supporting cells 
(cuboidal or hyaline epithelial: 97), Deiter’s cells 
that resemble the CNS astrocytes or phalangeal 
cells (102), Hensen’s cells (103) and finally the hair 
cells. The pericyte migration was associated with 
increased expression of platelet-derived growth 
factor beta (PDGF-BB; 101). Thus, these different 
cell types illustrate the differentiation pathway of 
the inner ear cells both during development and 
regeneration (104). A part of these multipotent pre-
cursors are responsible for the regeneration of the 
neurons and glial cells of the spiral ganglion. The 
behavior of otic pericytes (e.g. under hypoxic con-
ditions) is identical in comparison with the CNS 
and other organ pericytes (4, 56, 65, 105). This 
concerns also the biochemical factors produced 
by these mural cells as well by some perivascular 
multipotent stromal mesodermal cells which are 
progeny of the pluripotent pericytes. 
In this respect, there is strong evidence that healthy 
auditory hair cells in mammals inhibit the prolifer-
ation of the supporting cells possibly by the Notch 
signaling pathway (106 - 108). After acoustic trau-
ma in chicken, injured hair cells secrete factors that 
inhibit the Notch pathway and induce the prolif-

eration of the resting supporting cells to contribute 
for the regeneration of the Corti organ structures, 
inclusive the hair cells (s. 70, 109 – 112). Rat and 
zebrafish hair cell regeneration was also achieved 
by Retinoic acid enhancement following repression 
of p27kip and Sox2 in the supporting cells (106, 
111). SOX2 was established in pericyte precursors 
by (113). However these results do not explain the 
lack of hair cell regeneration in mammals because 
no new hair cells originate to inhibit the prolif-
eration and the transdifferentiation (119) of the 
precursor cells. Thus, the discovery of the struc-
tures that release the inhibiting factors is awaited 
(119). In general, the process of regeneration of 
the inner ear cells resemble the events observed 
during the regeneration of destroyed Leydig cells 
of the rat testis (4, 5). The extensive proliferation 
of the precursor’s stops after the necessary amount 
of new Leydig cells is achieved. Similarly, in the 
CNS, about 3 days after transient ischemia/reperfu-
sion, within the injured areas, PDGFR-Я positive 
perivascular pericytes start to express Nestin and 
differentiate further toward neural structures inhib-
iting the Nestin expression (105). 

Concluding remarks
The results obtained in the studies about the 
embryogenesis provide a lot of evidences which 
allow the proposal of the hypothesis that the peri-
cyte progenitors and the pericytes are the ancestors 
of the inner ear sensory epithelium. First of all, the 
fact that the development of different cells during 
the very early stages of the embryo (pregastrular, 
postgastrular, perineural border, preimplantation 
and postimplantation, preplacodal and placodal, 
pre-otic and otic state, creation of pluripotent stem 
cells; s. 114) as well as the very early develop-
ment of the cardio-vascular system with primitive 
endothelial and hemopoetic/hematopoietic stem/
progenitor cells, leads to the important conclusion 
that all primary (primitive) structures possess plu-
ripotent and multipotent capabilities and resemble 
the embryonal stem cells. Meanwhile, the leading 
position takes on the epiblast with his pluripotent 
stem cells which become distributed within the 
whole mammalian organism and in the adult ones 
remain as pericytes filed within the true microvas-
cular niches. 
Concerning the inner ear and the organ of Corti 
(OC) the following supporting results are impor-
tant: 1. The early development of the vascular 
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network, especially in the region of the lateral wall 
and the lateral (inferior) edge of the OC (115). 
This regional vasculature contains the most tight 
pericyte coverage. 2. The origin of the pericyte 
progenitors and the pericytes from the pluripotent 
epiblast. 3. There are the capillary networks of the 
stria vascularis and the pericytes that become dam-
aged by different reasons (acoustic trauma/loud 
sound, chemical intoxications etc.) which leads to 
hypoxia and degeneration of the hair cells. 4. These 
changes activate the pericytes in the microvascular 
niches. 5. As adult stem cells the pericytes prolifer-
ate, migrate and contribute to the regeneration of 
the vasculature and the blood-labyrinth barrier. 6. 
The pericyte descendants migrate as TACs that use 
as scaffold the basement membrane and the vessels 
under the organ of Corti, and differentiate toward 

tympanic border cells. 7. The tympanic border cells 
move upward and give rise to supporting cells, hair 
cells (in mammals their differentiation is inhibited) 
and neural and glial cells for the spiral ganglion. 8. 
The similarity between the normal embryogenesis 
and the regeneration of the sensory epithelia of the 
inner ear concerning their fast proliferation and 
expression of characteristic factors, and the transi-
tion toward the resting state (118).
The established differences in the behavior of the 
pericytes in the different locations of the inner ear 
reflect their strong plasticity demonstrated by the 
situation of their differentiation state and the par-
ticularities of the local environment (120). For the 
future it will be very important to find possibility for 
preventing the inhibition of the hair cell regeneration 
in mammals’ incl. human (s.108, 116, 125).
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Curriculum
Prof. Michail S. Davidoff, MD, PhD, DrS, is full Member of the German Academy 
of Sciences “Leopoldina” (since 1985), Corresponding Member of the Bulgarian 
Academy of Sciences (since 1989) and Full University Professor in Anatomy of 
the Medical Faculty of the University of Hamburg, Germany.

In 1966 he finished his University education in human medicine at the Higher 
Medical Institute – Sofia/Bulgaria and became the degree doctor of medicine 
(MD). He started his professional activity as scientific research fellow at the 
Regeneration Research Laboratory of the Bulgarian Academy of Sciences-Sofia 
and simultaneously as Assistant at the Department of Human Anatomy as well as 

the Department of Histology and Embryology of the Higher Medical Institute-Sofia.
After successful defense (1971) of the first habilitation thesis („Electron microscopical characteristics and 
histochemistry of the developing and differentiated guinea pig placenta“) he was habilitated and 1974 
appointed to Associate professor for Anatomy, Histology and Embryology at the Regeneration Research 
Laboratory of the Bulgarian Academy of Sciences and simultaneously as Visiting Associate Professor at the 
Department of Anatomy, Histology and Embryology of the Higher Medical Institute of Pleven, Bulgaria.
In 1977 he defense his 2nd Habilitation Thesis („Lysosomes of the Central Nervous System“) and was 
appointed as Doctor of Medical Sciences (DrS). 
In 1982 he became appointment to Professor of Anatomy, Histology and Embryology and Professor at the 
Regeneration Research Laboratory of the Bulgarian Academy of Sciences. During 1989 – 1994 he was 
elected as Professor and Vice Director at the Institute of Cell Biology and Morphology of the Bulgarian 
Academy of Sciences. Following appointment procedure professorship, in 1993 he was elected as Full 
University Professor and Vice director (2000 – 2001 Acting director) of the Institute of Anatomy of the 
University of Hamburg, Germany. 
At the end of 2005 Davidoff got Retired professor at the Anatomical Institute of the University of Hamburg, 
Germany and continued his activity as Professor of Anatomy (teacher and scientist) according additional 
contract with the Medical Faculty (until 2010) and further volunteer work as member of the board of the 
Society: „Freundes- und Förderkreis des UKE-Hamburg“, Germany and of the Museum of Medical History 
of Hamburg.

Prof. Davidoff was multiple times Visiting Associate Professor and Professor at the institute of Anatomy, 
University of Würzburg and Visiting professor at the Institute of Anatomy, University of Hamburg, Germany
Since 1969 he became a member of the Society for Histochemistry and 1972 Member of the Anatomical 
Society (“Anatomische Gesellschaft” of Germany
More than 10 years (1968-1991) he acted as Member of the board and as Secretary of the Bulgarian 
Society of Anatomy, Histology and Embryology. In addition, in the time 1982 - 1989 he was President of 
the Histochemical Section of the Bulgarian Society of Anatomy, Histology and Embryology. From 1989 to 
1991 Davidoff was President of the Specialized Scientific Council on Morphology of the Higher Attestation 
Commission of Bulgaria. Between1998 and 2002 he was Member of the board and President (2001) of the 
“Anatomische Gesellschaft” - Germany. 
In 1999 he was honored as an honorary member of the Bulgarian Anatomical Society and of the Romanian 
Society of Anatomy. 
During the whole time of his professional life in Bulgaria and Germany Prof. Davidoff kept contact with the 
Bulgarian Institutions, students and colleagues and supported their work and careers. He was appreciated 
as a professor by his students and also enjoyed the friendship and respect of his colleagues. In 2005 he 
got the award “Teacher of the decade” in the pre-clinical medicine subjects of the Medical Faculty Hamburg/
Germany.
The Main topics of research of Prof. Davidoff are:
1. Morphology of the central and peripheral nervous system in norm and experiment. 
2. Structure and function of different parenchymal Organs. 
3. Morphology, function and origin of the neuroendocrine cell systems. 
4. The Adult stem cells




