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Introduction 

Renewed interest in the role of  developmental pathways in tumo-
rigenesis has led to more recent data on putative cancer stem cell 
population in brain as well as in other organs. The fate of  prolif-
erating and differentiatingpericyte-like cells in the microvessels of
brain parenchyma derived most probable from mesenchymal 
stem cells or adult pericytes and should not be ignored because 
these cells may undergo malignant transformation to a rare, but 
aggresive tumor: hemagiopericytoma. Primary central nervous 
system (CNS) hemangiopericytoma is a predominantly meningeal
based and traditionally thought to arise from spindle cells (peri-
cytes) in the vicinity of  the blood vessels. An intraparenchymal 
tumor mass is little known in literature [1,2,3], but not described 
ultrastructurally. This is the first study concerning ultrastructural 
description of  a tumoral mass into white matter post laceration

with pericytic abnormal proliferation.

Materials and Methods

We examined by transmission electron microscopy samples of  
brain tissue in a clinical case (male, 61-yearold) operated on for 
brain laceration following a severe cranial trauma involving the 
deeper white matter. Multiple blocks were processed using stand-
ard procedures for conventional electron microscopy. The speci-
mens were fixed in a solution of  2.5% buffered glutaraldehyde 
to a pH of  7.2-7.3 for 4 hours. They were later postfixed in a 
solution of  1% buffered osmium tetroxide for 1 hour, dehydrated 
with increasing concentrations of  alchohols in water, and em-
bedded in resin epoxy (Epon 812). The resin was polymerized 
to 700C for 72 hours. Multiple ultrathin sections, 70 nm thick, 
were cut with an ultramicrotome and mounted on specimen grids 
covered with plastic films. These sections were contrasted with 
2% uranyl acetate solution as well as Reynolds lead citrate solu-
tion. The specimens were then examined under a JEM 1200 EX 
(JEOL) transmission electron microscope. The electron photo-
micrographs were processed on a computer and converted into 
images.

Results and Discussions

We examined ultrastructurally an abnormal micronodule of  po-
lygonal and spindle cells with features of  pericytes and exhibit-
ing staghorn vasculature, like in hemangio-pericytoma, within the 
white matter in a 61-year-old male, operated on for laceration of  
the brain. This microtumor was hypercellular and hypervascular in 
the white matter which was degenerated,with numerous immune 
cells, some of  them infiltrated in the tumoral mass which con-
tained metabolically active cells. Endothelial cells were polygonal 
or elongated, having a nucleus with incisures and an abundant 
cytoplasm, rich in poliribosomes, mitochondria, and rough en-
doplasmic reticulum (RER). A centriole was visible in some cells 
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suggesting their mitotic potential. Cell membrane was irregular, 
undulated on the abluminal side and with many short microvilli, 
some detached in the lumen by apical constrictions. Adjacent to 
the endothelial cells, overlapping spindle cells rich in filaments 
were distributed mainly to the cell periphery as contractile micro-
filament bundles and a large number of  plasmmalemal vesicles. 
Some pericyte-like cells contained large glycogen deposits. Extra-
cellular space between endothelial cells and adjacent cells were 
filled with an abundant collagenous matrix suggesting an intense 
synthesis of  collagen type IV and other proteins within RER cis-
terns, very numerous in these cells (Figs.1a, b, c). It is remarkable 
that the endothelial cells showed cell membrane folding (Fig.2). 
Numerous cells proliferated around the vessels were character-
ized by a voluminous nucleus and a little cytoplasm or, conversely,
with many irregular prolongations, between which it was seen 
a significant number of  immune cells infiltrated in microtumor 
mass and present within the adjacent white matter, especially mac-
rophages and neutrophils (Fig.3). Most of  the tumoral cells exhib-
ited a voluminous and euchromatinized nucleus and a prominent 
nucleolus with a little cytoplasm containing poliribosomes, mito-
chondria, and rough endoplasmic reticulum. Some tumoral cells, 

with abundant cytoplasm showed proteolysis areas. Around the 
cells there were thin fibrils, more abundant to the micronodule 
periphery. Interestingly, a thin basement membrane surrounded 
this tumoral formation (Fig.4). Thin connective fibrils are distrib-
uted throughout microtumor, surrounding each tumoral cell, and 
not the immune cells infiltrated in the tumoral mass (Fig.5). More 
interestingly it was the presence of  long and thin prolongations
of  the interstitial cells from the white matter, so-called cordo-
cytes, around this microtumor, while the myelinated axons 
were degenerated (Fig.6). Cordocytic processes were intercon-
nected and overlapped,surrounding a large area of  the tumoral 
micronodule,suggesting a barrier against developing tumor 
(Fig.7).However, in some places, these protective cell-barriers are 
missing (Fig.8), whereas in other zones, these thin cytoplasmic 
processes seem to be detached from tumoral micronodule and 
then degenerated. In those places there are numerous peripheral 
thin connective  fibrils (Fig.9). Around the microtumoral mass, 
the white matter was degenerated, axons being charicatural in as-
pect, some glial cells, for example, oligodendrocytes, were seen in 
apoptotic stages (Fig.10), and numerous microglial cells loaded 
with autophagosomes, secondary lysosomes and vacuolar cyto-

Figure 1a. Intratumoral small capillary with characteristic aspect of  staghorn, like in well developed hemangiopericytoma. 
Endothelial cells and surrounding pericytes have an abundant cytoplasm with numerous organelles suggesting their active 

metabolic state. x800

Figure 1b. Detail from Fig.1a showing particularly thick basement membranes, undulated endothelial cell membrane and 
cisterns of  rough endoplasmic reticulum in the abnormal proliferated cells around the vessels. x12,000

Figure 1c. Endothelial cells of  the capillary illustrated above displaying voluminous nuclei, abundant cytoplasm, irregular
microvilli into lumen, and glycogen deposits in the surrounding cells. x10,000
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plasmic areas suggested autophagy (Fig.11). No isolated tumoral
cells were seen in the adjacent white matter.
Herein, we analyzed by transmission electron microscopy a micro-
nodule thought to be tumoral in nature, located within the white 
matter in a male patient who suffered a brain laceration. We ob-
served an increased density of  cells similar to each other, seemed 
to be derived from pericytes/perivascular cells which were tightly 
associated with modified endothelial cells of  staghorn shaped 
vessels. These proliferated polygonal cells, surrounding endothe-

lial cells in the so-called staghorn pattern are characteristic for 
hemangiopericytoma, and subsequently may develop into genuine
intraparenchymatous tumor. It is possible that trauma has been 
involved, as a possible cause of  that malignant cell deviation, be-
cause this factor is considered one of  the causes of  CNS sarcomas 
[4]. However, the ultrastructural findings were consistent with he-
mangio- pericytoma in early stage of  microtumor. Recently it was
reported an hemangio-pericytoma in the trigone of  the lateral 
ventricle[5]. Hemangiopericytomas occur anywhere capillaries can 

Figure 2. An endothelial cell with abundant cytoplasm, Golgi complex and cell membrane very undulated, and two pericytes
with Golgi complex, miofilaments and plasmmalemal vesicles. x20,000

Figure 3. Tumoral cells with variable morphology around the capillary showing either voluminous nucleus and a little cyto-
plasm or irregular prolongations,suggesting their phenotypic changes,intermingled with infiltrated immune cells. x10,000

Figure 4. Tumoral cells having a voluminous euchromatic nucleus with some areas of  genic activation, prominent nucleo-
lus, a little cytoplasm, rich in poliribosomes, mitochondria and RER, surrounded by cells with several lytic cytoplasmic 

areas and immune cells as well, separated by reticulin fibers. Significantly, around the tumoral micronodule, there is a thin 
and continuous basal lamina. x12,000
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be found [6]. Histopathological features of  a hemangio-pericyto-
ma include sheets of  homogeneous cells with uniform hyperce-
lularity, abundant cytoplasm, oval nuclei with mild nuclear atypia, 
staghorn vascular pattern lined by flat endothelial cells which tend 
to bulge into the vascular lumen, whereas immunohisto-chemical 
results indicate pericellular reticulin, type IV collagen, pericellular 
basement membrane, CD34, MIC2, BCL2, EMA, factor XIIIa, 
Leu 7, CD99, vimentin, p53, variable smooth muscle actin, cy-
tokeratin, desmin, claudin [7,8]. Pericytes show biochemical and 
physiological features similar to vascular smooth muscle cells, 
usually containing smooth muscle actin fibers and rich endoplas-

mic reticulum. In our case, the cells adjacent to the endothelium 
were rich in filaments and the cells at distance were rich in RER.
The tumoral cells were detached from the basal lamina encase-
ment, but the entire tumoral micronodule was surrounded by a 
thin basal lamina which further was enwrapped by a long cordo-
cytic process. Most importantly, these proliferation cells did not 
show signs of  leaving the micronodule. Human pericytes express
Robo1 and Robo4 receptors which in the presence of  their ligand 
Slit2, spontaneously and PDGF-induced migration of  pericytes 
is impaired [9]. Some studies have demonstrated altered pericyte 
morphology in response to traumatic brain injury and suggested 

Figure 5. Tumor cells with variable ultrastructure, separated by thin connective fibers, and neutrophils and macrophages 
infiltrated in the tumoral mass. x12,000

Figure 6. This image shows long cordocytic prolongations around the tumoral micronodule suggesting a physical barrier 
for tumor growth, and myelinating axons which are degenerated within the white matter. x12,000

Figure 7: Cellular prolongations of  the reactive cordocytes are irregular,interconnected, overlapped, and surrounded a large 
area of  microtumor. x10,000 
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that they may leave the vessel wall [10]. Interestingly, in our case 
these cells have deposited to the micronodule periphery an abun-
dant ECM including thin reticulin fibers and amorphous colla-
gen. Most importantly it was the presence of  cordocytes around 
the nodule, despite all the cells in neuropil and microvessels were 
degenerated due to the posttraumatic necrosis. Even excessive in-
tracellular deposits of  glycogen deposited in the vessel wall may 
activate the complement and cause necrosis. Tissue necrosis trig-
gers an inflammatory reaction that clears the wound from dead 
cells and matrix debris. Clearance of  apoptotic neutrophils, re-
cruitment of  inhibitory monocyte subsets and regulatory T cells,

macrophage differentiation and pericyte-endothelial interaction 
may play an active role in restraining post laceration inflammation. 
Multiple molecular signals may be involved in suppresing the in-
flammatory cascade, downmodulation of  cytokine responses and
other biochemical events. Interestingly, in the microtumoral mass 
there were infiltrated many neutrophils as well as macrophages.

In the context of  hypoxia, monocytes migrate into tissue where 
they differentiate into macrophages, cells that secrete several mol-
ecules important for activation of  angiogenesis, such as granulo-
cyte-colony stimulating factor, PDGF, TGF-α, FGF-2 and IGF-1. 

Figure 8; Cordocytic processes are missing in some zones of  microtumor, probable due to the degenerative processes dur-
ing laceration. x6,000

Figure 9. In some areas of  the tumoral micronodule, cordocytic processes are detached from the periphery
of  microtumor and degenerated. Instead, there are numerous thin connective fibers. x25,000 

Figure 10: An oligodendrocyte from the degenerative white matter showing cytoplasm condensation and
chromatin margination suggesting apoptosis. x20,000 
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In tumor angiogenesis as in other situations, pericytes and their
maturation should not be ignored [11,12] Microvascular peri-
cytes/perivascular cells throughout CNS have neural stem/pro-
genitor cells activity in response to ischemia and can generate 
neurons having an important role in CNS restoration following 
brain injury, such as stroke [13], but also these cells may undergo 
malignant transformation following brain injury, such as trauma.
However, the origin, identity and subtypes of  these microvascular 
pericytes/perivascular cells remain to be determined. During their 
differentiation in the vascular wall, pericytes can be fibroblastoid 
in phenotype, with an extensive RER or similar to the smooth 
muscle cells containing numerous contractile microfilaments as 
in the case herein illustrated. On the other hand, from the pre-
cursor/stem cells or even mature perivascular pericytes may arise 
cells with neural phenotype or even epithelial phenotype, when 
the cells are joined by zonula adherens or desmosomes well-de-
veloped. In respect to the cordocytes, these cells are always found
outside the perivascular pericytes, either normal or abnormal in 
phenotype, like in this case. Characteristic morphology and ultra-
structure of  hemangiopericytoma are now well defined in menin-
ges and other organs [14,15,16]. The protective role of  cordocytes
as a barrier against microtumor development remain to be con-
firmed [17,18,19]. During different cell processes either in normal 
or abnormal conditions, different cellular types may undergo a 
form of  programmed cell death, mainly apoptosis and autophag-
ic apoptosis or autoschizis, as seen in the case here illustrated, 
affecting especially neutrophils, macrophages/microglial cells, 
oligodendrocytes, astrocytes, but not tumoral cells, very active 
metabolically, proving their immortal phenotype at the onset of  
tumorigenesis [20,21]. However, in this stage of  tumor growth, 
the tumoral cells are not seen disseminated into adjacent brain 
parenchyma, and the role of  the stem cells which actually orches-
trate cell growth and proliferation within tumor remain to be de-
termined [22,23].

In conclusion, this ultrastructural study reveals the apparition of  a 
hypercellular and hyper-vascular mass, with very active metabolic 
endothelial and pericytic cells, within the degenerated white mat-
ter due to the cerebral laceration. This intraparenchymatous mass 
is considered a microtumor belonging to the hemangiopericytoma
according to the histopathologic features (cells similar to the 
perivascular pericytes and vessels with staghorn model). Despite 
its small size, this microtumor showed a large variability of  cell 
ultrastructure, from nondifferentiated cells to cells similar with 
pericytes, and even vascular smooth muscle cells, either contain-
ing a voluminous nucleus with prominent nucleolus and only a 
rim of  cytoplasm or, respectively, an abundant cytoplasm with 

dilated RER cisterns and bundles of  myofilaments. Surprisingly, 
around the microtumor we found a thick basement membrane 
and long cordocytic processes as evidence of  the role of  these 
protective cells in the immune surveillance. However, the precise 
origin and fate of  these cells with genuine tumoral characteristics 
of  hemangiopericytoma remain impredictible. Therefore, further 
studies are necessary to evaluate ultrastructurally the behavior of  
pericytes and their precursor/stem cells in the wall of  human cer-
ebral microvessels during tumorigenesis.
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