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într-o lucrare ulterioară celei autentice. 
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1 Legea nr. 206/2004 privind buna conduită în cercetarea ştiinţifică, dezvoltarea tehnologică şi inovare, publicată în Monitorul Oficial al României, Partea I, nr. 505 
din 4 iunie 2004 
2 ISOC, D. Ghid de acţiune împotriva plagiatului: bună-conduită, prevenire, combatere. Cluj-Napoca: Ecou Transilvan, 2012. 
3 ISOC, D. Prevenitor de plagiat. Cluj-Napoca: Ecou Transilvan, 2014. 
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The combined morphological and ultrastructural 
analysis of different cell phenotypes may still offer 
new significant and more precise data of each cell 
type during cell differentiation and interactions in a 
conventional or nonconventional microanatomical 
site in the human brain. In this respect, we can see 
many phenotypical changes from the undifferentiated 
state, like the stem cell, to the well-differentiated state 
of a cell, with multiple activities and functions in a 
certain area with its own dynamics.

We performed this study because the special inter-
stitial cells (similar, but not identical to the interstitial 
cells of Cajal) are widely distributed within the brain, 
displaying many morphological implications, with 
little information reported in the literature. These 
distinctive interstitial cells are considered by us a 
genuine maestro in health and disease, due to their 
biological potential around the brain parenchyma, in 
pia mater, where these cells exert many functions.

In this study we named the new functional cell 
type a “cordocyte” for its characteristic morphology: 
when this cell type is involved in different interac-
tions surrounding a diversity of cell types, its shape 
becomes like a cord or thread. To maintain an appro-
priate number of these cells, we take here into mor-
phological consideration one of the well-established 
ways for cell regeneration, i.e., differentiation from 

precursor/stem cells, to identify and characterize dif-
ferent related phenotypes.

Material and Methods

Multiple blocks from patients (aged 18–76 years) oper-
ated on for thromboses in the carotid system, tumors, 
cerebrovascular malformations, and Moyamoya 
disease were examined by light and transmission 
electron microscopy. Here we studied 8 cases with 
internal carotid thrombosis (all hypertensive males), 4 
cases with middle cerebral artery thrombosis, 7 cases 
with cerebral tumors—especially meningiomas, 2 
cases with cerebral metastasis of carcinoma, 7 cases 
with arteriovenous malformations, and 3 cases with 
Moyamoya disease. The samples observed under 
a light microscope were fixed with 2.5% buffered 
glutaraldehyde postfixed with 1% buffered osmium 
tetroxide, dehydrated in alcohols, and embedded in 
resin epoxy (Epon 812). Sections with a thickness of 
4–6 µm were cut with an ultramicrotome, mounted 
on glass slides, stained with 1% toluidine blue, and 
examined by light microscopy. Multiple ultrathin 
sections, 70 nm thick, were also cut with an ultrami-
crotome and treated with 2% uranyl acetate as well 
as Reynolds lead citrate solution. The specimens were 
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From Pluripotent stem Cells to Multifunctional 
Cordocytic Phenotypes in the human Brain:  

an Ultrastructural study
Viorel Pais1, PhD, Leon Danaila2, MD, PhD, and Emil Pais1, DDS

1Collaborator, Department of Neurosurgery, National Institute of Neurology and Neurovascular Diseases, Bucharest, Romania 
and 2Department of Neurosurgery, National Institute of Neurology and Neurovascular Diseases, Bucharest, Romania

aBstraCt

Light microscopy and transmission electron microscopy were used to investigate surgical cases in a variety of 
pathological conditions (thromboses, tumors, cerebrovascular malformations, Moyamoya disease) to identify 
and characterize different phenotypes belonging to a new interstitial cell recently described ultrastructurally 
in the brain and here named “cordocyte.” Also, this work is an attempt to identify and characterize precur-
sor/stem cells for cordocytic lineage in the perivascular areas, within perivascular nerves and pia mater (now 
considered a cordocytic-vascular tissue). Unexpected relationships and functions emerge from observations 
concerning these phenotypes, almost ubiquitous, but not yet fully studied in the brain.

KEYWORDS: Brain, “cordocytic” phenotypes, roles, stem cells, ultrastructure, vessels
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then examined under a JEM 1200 EX (JEOL) transmis-
sion electron microscope. The electron micrographs 
were processed on a computer and converted into 
images.

resUlts

Characteristic histopathological aspects

Our microscopic observations were focused on periar-
terial zones, perivascular nerves, and within or around 
the pia mater. Around cortical arteries, especially in 
hypertensive humans, cordocytes continuously moni-
tor the microenvironment, and when these protective 
cells encounter “danger” signals (received probably 
from the extravasated erythrocytes), they immediately 
act to impede the hematic invasion to the brain, either 
by retaining vascular cells on their plasma membrane 
or by catching them. Finally, the cordocytes are loaded 
with erythrocytes, which then undergo hemolysis 
(Figure 1a). If the cordocytic protective network is 
blocked by numerous erythrocytes (perhaps due 
to the episodic rises in arterial pressure), other sig-
nals induce self-renewal and specific differentiation 

of the resident stem cells in that perivascular area 
(Figure 1b). In such situations one can see perivascu-
larly a complex cell dynamics with undifferentiated 
cells, transitional forms, and well-differentiated cells, 
even small neoformation capillaries, without throm-
bosis in that vascular segment. In the thrombosed 
vascular segments one can see how well-differentiated 
cordocytes surround both undifferentiated cells and 
nascent collateral small vessels around the parental 
artery (Figure 2).

Perivascular precursor/stem cells and well-differ-
entiated cordocytes play an important role in these 
spatiotemporal events that usually occur at the ves-
sel–tissue interface, but more interesting is the behavior 
of the cordocytes when abnormal cell proliferations 
and movements at the vascular surface take place. In 
these circumstances, even a single cell that usually sur-
rounds an artery can be activated and comes in front of 
the abnormal cellular mass with the nuclear long axis 

FIgURE 1 (a) Very long periarterial interstitial cell (cordo-
cyte) with adherent erythrocytes. Note that the erythrocytes 
are restricted between the cell and adventitia (arrow). ×400 (b) 
Periadventitial cells (lower arrow), multiple and long cell pro-
cesses with adherent erythrocytes (upper arrow), and a cytogenic 
focus containing stem cells/precursors cells, where new inter-
stitial cells appear, in a hypertensive patient (arrowhead). ×200.

FIgURE 2 Well-differentiated interstitial cell surrounding the 
new collateral vessel (arrow) and another cell that surrounds a 
nondifferentiated cell (arrowheads). Note the cellular dynamics 
in the adventitial area. ×400.

FIgURE 3 Abnormal cell cord around the vascular wall sur-
rounded by cordocytes, which exert an inhibitory role of cell 
movement. This inhibitory role of cell movements seems to be 
a peculiar function of this cellular type, which comes in front 
of the abnormal proliferated cells with a significant positioning 
(arrow). ×400.
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