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REPORTS AND SYNTHESES  REFERATE | ŞI SINTEZE

 Liver functions are multiple and complex. 

 Functioning under physiological conditions contri-

butes to maintaining homeostatic balance of the whole 

body. The most important functional implications of 

the liver are represented by participating in numerous 

metabolic processes and manifestating endocrine and 

exocrine activities. It also has a role in hematopoiesis 

during embryonic and fetal periods (41). Moreover, 

Weiskirchen and Tacke (2014) point out that the liver 

is considered an immune organ, the immunity role is 

met by numerous cell components that are involved in 

the innate and acquired immunity (43).

 In the liver structure, several cell populations fulfill 

different roles and are divided into two categories: 

parenchymal cells (hepatocytes and cholangiocytes) 

and non-parenchymal cells (sinusoidal cells, Kupffer 

cells, "pit" cells, stellate cells, oval cells) (3, 43).

 Besides the many forementioned cells, a number 

of stromal elements are present that constitute the 

physical support for blood vessels, lymphatic vessels 

and limiting the hepatic lobules. (36).

 The aim of this study is a review of the structural, 

functional and interrelation characteristics of non-pa-

renchymal cells of the liver structure, grading histolo-

gical identifying methods and highlighting immuno-

histochemical markers used to characterize cells with 

similar morphological features.

Morphology, structure and functional

implications of sinusoidal endothelial cells 

In all body tissues, the blood vessels are lined by a 

single cell layer, called endothelium. The endothelium 

 Within the hepatic structure there are many types 

of cells whose morphological differences, ultrastructu-

ral particularities and functional interrelationships 

maintain a physiological balance and lead to the op-

timal functioning of the liver. 

 Numerous studies in humans, mice and rats have 

lead to progresses concerning the methods of identifi-

cation and characterization of liver cells. 

 The interest of scientists in connection with the 

study of functions and interrelationships of cells is 

continuously growing since there are still unsolved as-

pects and intercellular relationships that cannot be 

explained yet. The two major categories of liver cells 

within the hepatic structure are the parenchymal and 

non-parenchymal cells. 

 In this work there are presented a lot of features of 

non-parenchymal cells like: sinusoidal endothelial 

cells, stellate cells, Kupffer cells and "pit" cells. 

Keywords: sinusoidal endothelial cells, 

Kupffer cells, "pit" cells, stellate cells

 În structura ficatului există mai multe tipuri de ce-

lule ale căror diferenţe morfologice, particularităţi ul-

trastructurale şi interrelaţii funcţionale asigură menţi-

nerea echilibrului fiziologic şi funcţionarea optimă a fi-

catului. 

 Numeroasele studii efectuate pe om, şoareci şi şo-

bolani au condus la progrese privind metodele de iden-

tificare şi caracterizare a celulelor din ficat. 

 Interesul oamenilor de ştiinţă în legătură cu studi-

erea funcţiilor şi interrelaţiilor celulare este în continuă 

creştere deoarece încă sunt aspecte neelucidate şi 

relaţii intercelulare care deocamdată nu pot fi explica-

te. Cele două categorii majore de celule din structura 

ficatului sunt cele parenchimatoase şi cele non-paren-

chimatoase. 

 În această lucrare sunt prezentate o serie de ca-

racteristici ale celulelor non-parenchimatoase, res-

pectiv celulele endoteliale sinusoidale, celulele stela-

te, celulele Kupffer şi celulele ”pit”.  

Cuvinte cheie: celule endoteliale sinusoidale, 

celule Kupffer, celule ”pit”, celule stelate
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consists of a heterogeneous cell population with spe-

cific characteristics according to the type of organ in 

which they are found. The difference between sinusoi-

dal endothelial cells and other cells that form the blood 

vessel endothelium is the presence of fenestrations 

which allow the exchange of substances between 

blood and hepatocytes (4, 18). The fenestrations are 

transcellular pores, which were first described in detail 

in 1970 by Eddie Wisse. The pores are grouped (20-

50) in a sieve plate layout, and the number, size and 

distribution vary according to their position in relation 

to the liver lobule (10, 27). At the end of the periportal 

sinusoid capillary, the fenestrations are slightly larger 

but fewer than the ones at the end of the adjacent 

centrilobular vein, resulting in a higher endothelial po-

rosity of the centrilobular area (24). Sinusoid capilla-

ries are delimited by a discontinuous endothelium that 

does not possess a basal membrane (27). DeLeve (10) 

believes that sinusoidal endothelial cells are morpho-

logically and functionally unique, being the only mam-

malian endothelial cells that combine the fenestra-

tions with the complete absence of basement mem-

brane. Sinusoidal endothelial cells are small with a 

diameter of about 6.5 μm (when isolated) and through 

their layout delineate the "wall" of the sinusoid ca-

pillary, being separated by the  hepatocytes by the pe-

risinusoidal space or Disse space (10, 36). These, 

along with stellate cells and the parenchymal cells of 

liver constitute the sessile class cells, while Kupffer 

and "pit" cells are considered mobile cells (4, 44).

Sinusoidal endothelial cell functions are filtering 

through the pores and endocytosis of glycoproteins,  

components of extracellular matrix and immune com-

plexes. Also, they are antigen presenting cells (18).

Filtering effect is explained by the presence of 

small chylomicrons (diameter smaller than 200-250 

nm) in the Disse space, although whithin the sinusoid 

capillaries chylomicrons with a diameter greater than 

250 nm are present (5, 39).

The high capacity of receptor-mediated endocy-

tosis of sinusoidal endothelial cells is well known, this 

feature is morphologically illustrated by the large 

number of endocytosis vesicles (10). Also, this feature 

reflects the important role that the cells have by re-

moving various macromolecules resulting from the 

normal circuit of substances in different tissues (39).

In some pathological conditions, such as hepatic 

fibrosis and hepatocellular carcinoma, the capillariza-

tion occurs, in which the sinusoidal endothelial cells 

lose the pores, form a continuous layer of cells and 

thus the formation of basal lamina begins. 

By capillarization,endothelial cell molecular adhe-

sions change, and because of the transport pore 

blockage, which is replaced with direct transport by 

the continuous capillary, absorption of various sub-

stances by hepatocytes decreases. It appears that the 

role of sinusoidal endothelial cells in various diseases, 

including hepatic fibrosis, is passive, they being in-

volved in the capillarization by active participation in 

the synthesis of the extracellular matrix made by the 

hepatic activated stellate cells (17). Sinusoidal endo-

thelial cells interact with hepatic stellate cells. When 

they are normal, they have the ability to prevent the 

activation of stellate cells and inactivate the activated 

ones, but when fibrosis is triggered and consecutive to 

fibrosis cells undergo phenotypic alterations by setting 

up capillarization and loose the enable-disable func-

tion exerted on stellate cells being also lost. In a 

healthy liver, sinusoidal endothelial cell phenotype is 

maintained by the release of VEGF (vascular endo-

thelial growth factor) released by hepatocytes and he-

patic stellate cells (10).

The differences between sinusoidal endothelial 

cells and other types of endothelial cells are high-

lighted also by immunoblotting (Table 1). They may be 

marked with CD31 (PECAM), marking is evident in the 

cytoplasm in contrast to other endothelial cells in 

which the marker attaches to the cell surface inter-

cellular junctions.  Another sinusoidal endothelial cell 

marker is CD45, which is a classic marker for hemato-

poietic cells. It is strongly expressed in the periportal 

area, less in the middle and absent around the centri-

lobular vein (10).

Ding et al. (11), states that there is an inter-

relation between hepatocytes and sinusoidal endo-

thelial cells. The relationship was experimentally pro-

ven by a study in mice, after partial hepatectomy. 

They found that the specific phenotype of sinusoidal 

endothelial cells play a decisive role in the onset of 

hepatocyte proliferation post partial resection. Stu-

dying the kinetics of regeneration of endothelial cells 

and hepatocytes after hepatectomy allowed to esta-

blish the mechanism by which sinusoidal endothelial 

cells regulate the hepatic proliferation. Based on the 

results, the authors suggest that in terms of chrono-

logy, there is a biphasic contribution of sinusoidal en-

dothelial cells mediate liver reconstruction. Therefore, 

in the first phase (within 3 days) after partial hepatec-

tomy, the liver regeneration occurs via hepatocyte 

proliferation as evidenced by the presence of specific 

markers of hepatocyte mitosis positioned in vicinity of 

unproliferate sinusoidal endothelial cells. 
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In the next 4 days, liver regeneration was pro-

duced by sinusoidal endothelial cell proliferation. Exa-

mination of the "in vitro" co-cultures (cell cultures con-

taining hepatocytes and sinusoidal endothelial cells) 

has permitted the hypothesis that the activation of 

certain receptors of sinusoidal endothelial cells (for 

the vascular endothelial growth factor and endothelial 

cell transcription factor) stimulates the hepatocyte 

proliferation (11).

Moniaux and Faivre (28) state that the key ele-

ments that are required to trigger proliferation of he-

patocytes, after partial hepatectomy, are represen-

ted by the release of angiocrine factors (hepatocyte 

growth factor) and by the direct contact between sinu-

soidal endothelial cells and hepatocytes.

Morphology, structure and functional

implications of Kupffer cells 

Kupffer cells are liver-specific and tissue macro-

phages were first observed in 1876 by Karl Wilhelm 

von Kupffer, German anatomist. Initially the discovery 

has created confusion between Kupffer cells and sinu-

soidal endothelial cells, but subsequent studies have 

shown that there are different types of cells (30). Von 

Kupffer revealed star-shaped cells that he called 

"sternzellen" and suggested that they would be spe-

cialized endothelial cells that function as phagocytes. 

In 1898, Polish pathologist Tadeusz Browiez states 

that the previously described cells could be macro-

phages. Wisse in 1974 by electron microscopy studies 

manages to correctly identify the resident sinusoidal 

macrophages, which  are called "Kupffer cells" (27). 

These cells belong to the "monocyte-macrophage sys-

tem" and are designed to remove infectious agents, 

aging cells (eg. red blood cells), various particulate 

materials, endotoxins and other substances that are 

found in the sinusoidal blood (9).

Kupffer cells represent 20% of non parenchymal 

liver cells and are believed to represent the largest po-

pulation of fixed macrophages in the body (22).

Ultrastructural characteristics of the Kupffer cells 

were observed by electron microscopy and are now 

well known. Kupffer cells are located within sinusoids 

and can be identified among the endothelial cells, 

above them or sometimes in the Disse space. Their 

shape is irregular, possessing  numberous cytoplasmic 

extensions, and contain a large number of cellular or-

ganelles (39). Because of the mobility given by pseu-

dopodia, these cells can pass from the sinusoid ca-

pillary to Disse spaces (27), may move along sinu-

soids, can reach the areas where tissue injuries occur 

or within the regional lymph nodes (9). Of organelles, 

the endoplasmic reticulum, the Golgi apparatus and 

secretory vesicles are well developed in these cells and 

the endocytosis function is supported by the large 

number of lysosomes and phagosomes (39). The 

monoclonal antibodies used for the identification of 

Kupffer cells are synthetically presented in Table 2.

The primary function of Kupffer cells is phagocy-

tosis and removal of immune complexes. The Kupffer 

cell surface possesses binding sites which permit the 

different particles to be phagocytosed, and the meta-

bolism of endocyted substances takes place within ly-

sosomes (20). Following the phagocytosis of various 

bacteria, viruses, colloidal compounds, immune com-

plexes and other substances, Kupffer cells synthesize 

and secrete several chemical mediators (prostaglan-

dins, interleukins, tumor necrosis factor and other 

cytokines). They act on adjacent hepatocytes or may 

act again on the Kupffer cell functions in order to mo-

dulate different cell functions (20). Functional hetero-

genity of Kupffer cells is linked to the place that they 

occupy in the liver acinus, so that the cells with the 

greatest capacity for endocytosis, with large hetero-

geneous lysosomes and the largest lysosomal enzyme 

activity are placed in the periportal area (38).

Based on the released cytokines, they interact 

with hepatocytes, endothelial cells and stellate cells 



(9, 40). Regarding their relationship with hepatocytes, 

cooperation and communication between the two cell 

types is made in both directions and this makes them 

important both in terms of physiological aspects and in 

pathological conditions. Strategic location of Kupffer 

cells in sinusoidal capillaries gives them a vital role in 

the whole concept of intercellular communication be-

cause they are the first cells that come into contact 

with foreign blood particles (20).

As a result of humans and mice studies, it was 

thought that Kupffer cells may play an important role 

in the progression of steatosis to steatohepatitis and 

due to the production of specific cytokines they might 

influence lipid metabolism and of course, their storage 

in hepatocytes (40).

Papackova et al. (2012), by the research conduc-

ted on rat Kupffer cells, provided evidence that under 

certain circumstances they may have a protective role 

in the development of insulin resistance induced stea-

tosis. They acknowledged that Kupffer cells have a 

double role, they can operate either as a lesion inter-

mediate or as protector during regeneration and res-

toration processes of hepatic tissue (33).

Morphology, structure and functional

implications of hepatic tissue-resident 

NK cells („pit”) 

NK liver cells ("pit") constitute a unique popula-

tion of resident NK cells normally found in liver sinuso-

ids, representing the fourth type of sinusoidal cells to-

gether with endothelial cells, stellate cells and Kupffer 

cells. Together with Kupffer cells, they are part of sinu-

soidal mobile cells, and like them, they are distributed 

to the periphery of a liver lobule (15, 23).

NK cells are part of the "large granular lympho-

cytes"-liver asociated (large granular lymphocyte-

LGL), which play an important role in inhibiting the 

formation of metastases in this organ (15). These cells 

were discovered in 1976 by Wisse et al., and named 

"pit cells " because of characteristic granulations simi-

lar to grape seeds, and the subsequent studies have 

shown that they are actually liver associated NK cells 

and part of the LGL family (15, 23). Although initially it 

was considered that the "pit" cells have an endocrine 

function due to their cytoplasmic granules that re-

sembles the ones of endocrine cells since 1983, Kane-

da et al. (17) hypothesized that they may have a NK 

activity due to their LGL-like morphology. The hypo-

thesis was subsequently confirmed by the methods of 

isolation and purification of "pit" cells in the rat liver 

and by emphasizing spontaneous cytotoxicity against 

NK sensitive YAC-1 lymphoma cells (NK sensitive YAC-

1 lymphoma cells) (23).

Kaneda K. (1999), stated that the "pit" cells have 

a dual-source, on one hand they originate from the NK 

blood cells, which locate in the sinusoids and differen-

tiate into specialized cells of the liver after a certain 

period of time, and on the other hand, the identifica-

tion of mitosis in these cells confirms that they can 

proliferate locally (16). 

Large granular lymphocytes that originate in the 

bone marrow reach the liver through the bloodstream 

and remain within sinusoids where they suffer some 

changes related to decreasing of density and increa-

sing the number of cytoplasmic granules. These cells 

primarily differentiate into high density "pit" cells and 

then turns into low density "pit" cells. The transfor-

mation process of LGL cells into "pit" cells takes about 

two weeks and can be influenced by various factors re-

leased by non-parenchymal adjacent cells, most likely 

Kupffer cells and endothelial cells. Local "pit" cells pro-

liferation is stimulated by interleukin-2. Low density 

"pit" cells differentiate from the high density ones by a 

greater number and smaller size cytoplasmic granules 

and the cytotoxicity degree. "Pit" cells with low density 

have a two times higher cytotoxicity than that of the 

high density ones, and a five times higher cytotoxicity 

than the large granular blood lymphocytes (18).

It is known that NK cells can also be identified in 

the blood and in many tissues such as lymphnodes, 

lung, intestine, spleen and bone marrow (15, 23). 

However, hepatic NK cells present, in terms of functio-
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nality, morphology and immunophenotype, some dif-

ferences compared to peripheral blood NK cells (14, 

16, 23, 45).

"Pit" cells are located within sinusoid capillaries, 

on their internal face, coming into direct contact with 

the bloodstream, and frequently adhere to endothelial 

cells, and can only by accident be found in contact with 

Kupffer cells.They exhibit cytoplasmic extensions such 

as pseudopods, which connect to the hepatocytes. 

Pseudopods may penetrate the endothelial cell fenes-

trations, enter within the Disse space and can come 

into contact with hepatocyte microvili (14, 15, 23).

Studies on cell ultrastructure of "pit" cells were 

generally made on rats, mice and humans. The de-

tailed descriptions of the cells derived from the rat as 

their cell organelles are more abundant and morpholo-

gical characteristics are more evident in this species 

(15). Morphological investigations made on rat liver 

showed that the "pit" cell frequency is of one "pit" cell 

for 10 Kupffer cell, and the "pit" cell diameter in rats is 

about 7 μm (23).

"Pit" cells  are large cells, have a slightly colored 

(pale) cytoplasm, possess a kidney-shaped nucleus, 

slightly eccentric and contain cytoplasmic azurophilic 

granules visible with Giemsa staining (15, 16, 31). The 

granule diameter is 0.25-0.5 μm. The dense ones con-

tain bioactive substances (perforin,granzyme and acid 

phosphatase) (31). The nucleus is rich in chromatin 

and sometimes the nuclear membrane presents irre-

gularities, the aspect being of a periphery „laced” nu-

cleus, and the nucleus/cytoplasm ratio is small (15, 

18). They have a well-developed Golgi apparatus with 

numerous vesicles that often is closely associated with 

a microtubular network radiating from the centriole 

(18). Cells can have different forms, can be similar to 

Kupffer cells, or may be round or elongated. 

The elongated cells have a high degree of polarity 

due to the slightly eccentric position of the nucleus di-

viding the cell into two areas: on one side of the nu-

cleus all the organelles are located, while on the oppo-

site side there is only hyaloplasm, without organelles, 

which often form protruding pseudopodia (15,44, 45).

The basic characteristics of these cells are the 

dense spherical granules (azurophilic granules) and 

rod-shaped vesicles, "rod-cored vesicles", the latter 

being specific to "pit" cells (NK) (14, 16, 44). The pre-

sence of a large number of vesicles can show that the 

"pit" cells are very active in terms of endocytosis and 

exocytosis (18). 

In rat, the majority of "pit" cell surface antigens 

are similar to those of spleen NK cells and peripheral 

blood. In rat "pit" cells, there is a different percentage 

for the expression of surface antigens: CD11 (90%), 

CD18 (90%), CD2 (80%) CD54 (35%). CD8 marker 

expressed by NK cells and cytotoxic T lymphocytes is 

found in all rat "pit" cells, however, they do not show 

CD5 antigen and receptor, characteristic to T cells (23) 

(Table 3). 

NK cells are part of the innate immune system 

and fulfill an important role in defending the body 

against pathogens (bacteria and viruses) and in the 

control of tumour cell growth. They produce a number 

of cytokines (eg. interferon gamma) and kill target tu-

moral cells. The ability to destroy target tumoral cells 

is determined by opposing signals of stimulating and 

inhibiting receptors of NK cells and their interactions 

with ligands of target cells. Thus, interactions of inhibi-

tory receptors (of NK cells) with inhibitors ligands 

(from target cells) suppress the NK cells function, 

while the interaction between stimulating receptors 

and ligands promotes NK cell activity. Stimulator and 

inhibitor receptor expression in liver diseases of NK 
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cells and their ligands in hepatocytes and non-paren-

chymal cells is strongly altered and this contributes to 

the pathogenesis of diseases (42). Hepatic microenvi-

ronment influences the balance between expression of 

activating and inhibitory receptors that determine the 

functions of NK cells (22, 42). In a healthy liver, NK 

cells exhibit a high degree of cytotoxicity against tu-

mor cells expressing high levels of cytotoxic mediators 

in comparison with peripheral blood NK cells (42). The 

primary role of NK cells ("pit") is the destruction of tu-

mor cells, preventing the development of metastasis 

in the liver (4).

Regarding anti-tumor activity, it has been experi-

mentally demonstrated ("in vivo" and "in vitro") that 

the "pit" cells link their body to the target cells by cyto-

plasmic extensions, and subsequently directs the 

dense granules towards them inducing apoptosis or 

cell lysis. Biochemical and immunohistochemical stu-

dies have revealed that the dense granules of NK cells 

and of lymphokine-activated killer cells contain per-

forin and serine esterase (granzyme) which act on the 

tumor cells (16).

Although the „pit" cell cytotoxicity mechanism of 

action against tumor cells is not very clear, two possi-

bilities of action are possible, either by osmotic disrup-

ting the perforin, or by the "Fas-Fas ligand" system 

mediated apoptosis (16).Kaneda et al. (1999), sustain 

that liver NK cells can have a variety of functions in-

cluding antiviral and antifungal activity, regulation of 

immune response and regulation of hematopoiesis. 

They are also involved in liver regeneration completion 

or development by suppression or growth of cytotoxi-

city (NK-mediated) against immature hepatocytes 

(16, 23). Blom et al. (1999), state that NK cells acti-

vated by interleukin-2 can induce both apoptosis and 

necrosis of rat hepatocytes (2). Nakatani (2004), 

states that between "pit" cells and tumor cells initially 

a conjugation is produced, after that the "pit" cells re-

lease granules in the intercellular space. Granule re-

leased perforin acts on the membrane of target cells, 

leading to the pore formation of pores, which results 

into the osmotic alteration of cells. Subsequently, 

granzymes enter the cells through the formed pores 

and produce DNA fragmentation (31).

Morphology, structure and functional

implications of hepatic stellate cells 

Hepatic stellate cells (which represent about 6% 

of the liver volume), along with sinusoidal endothelial 

cells, Kupffer cells and other resident cells of the sinu-
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soidal compartment, are non-parenchymal cells (7).

Stellate cells were identified in 1876 by von Kup-

ffer using the gold chloride stain, but due to the shapes 

of the cells, he considered them to be involved in 

phagocytosis. Much later, in 1952, Ito describes cells 

which he identifies in the perisinusoidal space, cells 

which contain lipid droplets and calls them „fat-storing 

cells”. Using gold chloride stains, silver impregnation 

and auto fluorescence, Wake confirmed that the two 

researchers described the same cells. Initially, cells 

that serve for vitamin A or lipid storage were called 

„Ito cells” (27). Since their discovery by Kupffer, he-

patic stellate cells received different names: pericytes, 

fat deposit cells, interstitial cells, parasinusoidal cells, 

perisinusoidal cells, lipocytes, ito cells, lipids or vita-

min A deposit cells (3, 27). In 1996 a consensus was 

reached and it was determined that these cells remain 

under the name of “hepatic stellate cells" (27).

Hepatic stellate cells are located within Disse 

space. They contain numerous lipid inclusions, and the 

Golgi apparatus and the rough endoplasmic reticulum 

are well-developed organelles (34). These cells are 

star-shaped and present cytoplasmic processes which 

branch, physical contacts being made to the sinusoidal 

cells, hepatocytes, adjacent hepatic stellate cells and 

nerve endings (27).

Structurally, hepatic stellate cells are composed 

of cell body and many cytoplasmic extensions which 

are of two types: perisinusoidal (subendothelial) and 

interhepatocyte. Perisinusoidal ramifications go along 

sinusoids and branch out into secondary strings which 

surround the capilar tube, while the interhepatocyte 

branches cross the hepatocyte cord. Classically, a ste-

llate cell through its branches embrace two or more 

neighboring sinusoids (3, 21, 26, 27).

Hepatic stellate cells contain small (below 2 µm 

diameter) and large (2 µm diameter) droplets of lipids. 

The distribution of hepatic stellate cells in the liver 

acinus is heterogeneous. Stellate cells which contain 

large lipidic droplets are found within the acinar peri-

centric and intermediary area, and those with small 

lipidic droplets can be found in the periportal area (27, 

34). The excess administration of vitamin A in rats has 

increased the number and size of lipid inclusions in 

centrilobular hepatic stellate cells. This allowed the 

hypothesis that intralobular heterogeneity of the he-

patic stellate cells may show differences in the ways 

vitamin A is metabolically processed (34). The lipidic 

droplets contain retinyl ester, cholesterol, phospholi-

pids and triglycerides (27, 34).

Long after the discovery of hepatic stellate cells, 

identification and quantification was done by micro-

scopic examination and ultrastructural analysis com-

bined with vitamin A autofluorescence. Assuming that 

not all hepatic stellate cells contain vitamin A, a search 

of specific marker for identification of those cells was 

started (34). Knook et al. (1982), have proven that 

hepatic stellate cells express vimentin (an interme-

diary type III filamentous protein), but the same mar-

ker is also expressed by the Kupffer cells and by the 

sinusoidal endothelial cells (34).

Burt et. al. (1986) have shown through immuno-

histochemical studies that the perisinusoidal cells 

from rat livers express a smooth muscle protein called 

desmin, composed of intermediary filaments, initially 

used as a trust marker for identifying hepatic stellate 

cells (6). The occurrence of a significant variability was 

later found in the expression of anti-desmin anti-

bodies. Inside the liver acinus the existence of an un-

equal distribution of imunostained cells was observed, 

a great number of desmin positive cells (approxima-

tively 13 cells /mm²) being found in the periportal area 

there, in comparison with the pericentric area (appro-

ximatively 9 cells /mm²) (27).

Neubauer et al. (1996), have studied hepatic stel-

late cell reactivity (Ito) compared to the glial fibrillary 

acidic protein (GFAP-glial fibrillary acidic protein). 

Using GFAP and desmin to mark cells from a normal 

liver, but also from rat liver with chronic and acute 

lesions, the authors concluded that GFAP is a specific 

marker for hepatic stellate cells. This indicator could 

make the difference between the hepatic stellate cells 

and the cells of blood vessel walls (32).

Pinzani and Gandhi (2015) note that latent he-

patic stellate cells of the human liver might not ex-

press GFAP and desmin, but some hepatic stellate cells 

can express alpha-SMA (alpha-smooth muscle actin) 

(34) (Table 4).

Studies of recent decades, focused on the role of 

hepatic stellate cells, enriched the information on di-

versity of their function within the body.

The major role of stellate cells is that storing and 

transporting retinoids (vitamin A compounds) (3, 13, 

21, 35). Under normal conditions, from 50 to 80% of 

the retinoids in the body are stored in the liver and 80-

90% of it is found in stellate cells (13, 26, 46).

In mammalian liver stellate cells that store vita-

min A are placed in different areas of the liver lobule, 

the ones placed centrilobular tend to store less vitamin 

A than periportal ones (3). A great proportion of vita-

min A is stored in cytoplasmic droplets as retinyl ester, 

predominantly as retinyl palmitate. In addition, the 
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cytoplasmic droplets also contain triglycerides, phos-

pholipids, cholesterol and free fatty acids (13).

Retinyl ester resulting from the esterification of 

retinol in the intestine, is incorporated into chylomi-

crons and then reaches the hepatocytes through 

lymph. Here it is endocyted and mostly transferred to 

adjacent hepatic stellate cells after being linked to 

specific proteins. In vitro experiments demonstrated 

that hepatic stellate cells have the ability to directly 

retrieve retinol and its esters (eg. retinyl acetate).

Retinol-related intracellular proteins, which are 

found in hepatic stellate cells, are about 20 times more 

concentrated in these cells than in hepatocytes. They 

regulate the uptake, storage and mobilization retino-

ids according to the needs of peripheral blood of these 

elements. The hepatic stellate cells, in addition to 

these retinol-related proteins, other proteins which 

are involved in the metabolism of retinoids are found 

(eg. retinol palmitate hydrolase, bile salts dependent 

or independent of retinol, ester hydrolase etc.). This 

demonstrated that hepatic stellate cells functions are 

more than of storage and release of retinoids, they in-

tervene by constituents in regulating physiological and 

pathological metabolism (34). 

Hepatic stellate cells show two main phenotypes, 

a latent and an activated or transdifferentiation form. 

Activated cells play an essential role in the develop-

ment and progression of liver fibrosis (3, 13, 19, 27, 

35). The latent phenotype is found in the healthy liver 

and is characterized by the presence of lipid droplets 

containing retinyl ester and by the expression of long 

cytoplasmic extensions with fine branches. 

By their activation, the lipid droplets and the cyto-

plasmic extensions disappear, and the cells acquire 

the appearance of myofibroblast-like cells with prolife-

rative and fibrogenic capacity. The activation of hepa-

tic stellate cell is regulated by paracrine and autocrine 

growth factors cycle associated with fibrosis of various 

patho-logies (37). 

In response to liver injury of various etiology 

(virus, drugs or as a result of steatosis), latent hepatic 

stellate cells are converted into myofibroblasts-like 

cells that have proliferative, fibrogenic, and contractile 

capacity (21, 35). By activation, hepatic stellate cells 

lose vitamin A and begin to synthesize collagen and 

other components of the extracellular matrix. 

Studies carried out by Elsharkawy et. al. (2005), 

suggest that liver injury activates and stimulates he-

patic stellate cells to secrete large quantities of colla-

gen. It can act as a protector against apoptosis and 

maintain a fibrogenic environment by the action of in-

tegrins, having an important role in the survival of he-

patic stellate cells (12). 

Bergman (1985), states that the hepatocytes le-

sions activate the hepatic stellate cells and that they 

were highlighted by the usual staining (hematoxylin 

eosin) in a study of hepatic nodular hyperplasia in dogs 

(1). Elsharkawy et al. (2005), support the idea that 

the hepatocyte apoptosis may initiate and maintain 

hepatic stellate cells in an activated state (12). 

Pinzani and Gandhi (2015), believe that the cyto-

plasmic extensions of hepatic stellate cells contain fila-

ments similar to actin (actin-like) and in some cases 

completely surround the sinusoid capillary which led to 

the assumption that it would play a role in regulating 

capillary tonus. The idea was confirmed by subsequent 

investigations which showed that these cells have con-

tractile properties and play an important role in portal 

hypertension (34). 

Besides the fact that the hepatic stellate cells 

have the ability to influence the sinusoid blood circula-

tion, they can mediate intercellular communication, 

may intervene in ensuring homeostasis of the sinu-

soidal microenvironment by synthesis of polypeptide 

mediators (erythropoietin and components of the 

plasminogen activation system) (34).

The ability of hepatic stellate cells to form connec-

tions with all types of liver cells has permitted the 

assertion that they represent a unique population of 

cells which is organized as a three-dimensional net-

work and has the ability to regulate several important 

functions of the liver (34).

CONCLUSIONS

From a morphological perspective point of view, 

non-parenchymal liver cells can be identified by im-

munohistochemistry techniques. 

Thus, sinusoidal endothelial cells can be empha-

sized by using Factor VIII and CD34 antibodies, CD31 

(PECAM) and CD45. 

Kupffer cells may be immunolabeled: CD68, F4 

/80, ED2, SRA-E5. 

For "pit" cells CD11, CD18, CD2, CD8 and CD54 

antibodies are used.

Immunostaining of hepatic stellate cells can be 

achieved by applying the following monoclonal antibo-

dies: α-SMA, desmin, GFAP, nestin, N-CAM and sinap-

tophizin. The presence, activity and interconnection of 

the non-parenchymal liver cells, as their communica-

tion with parenchymal liver cells creates the premises 

for normal or deficient liver activity.
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