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Plasma cells in acute hepatitis: an ultrastructural study 
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Summary. Plasma cells and their precursors were studied by electron 
microscopy in liver biopsies from 41 patients with acute viral or drug- 
induced hepatitis. Mature plasma cells showed the ultrastructural fea- 
tures of the reticular or lymphatic type. Blast cells of different types 
were also observed. Type I predominated in classical acute hepatitis, 
and appears to transform directly into mature plasma cells. Type 2 corre- 
sponds to the centroblast of lymphoid tissue. It was found in fully devel- 
oped hepatitis, especially when necrosis was severe. Type 3 resembled 
the centrocyte of lymphoid organs; it was seen particularly in viral hepa- 
titis, and only in severe cases with extensive necrosis. The type 4 plasma- 
blast had the ultrastructural characteristics of a plasmacytoid T cell. 
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Introduction 

The exact sequence of events and mechanisms of parenchymal damage in 
acute hepatitis remain uncertain. Predominance in liver tissue of lympho- 
cytes of suppressor/cytotoxic phenotype (Govindarajan et al. ]983; Pape 
et al. 1983; Shibata et al. 1984) suggests that T cell-mediated cytotoxicity 
is involved. On the other hand the presence of plasma cells in the inflamma- 
tory infiltrate, hypergammaglobulinaemia, circulating immune complexes 
and specific antibodies against viral components support the participation 
of humoral immune mechanisms. Plasma cells in hepatitis have been studied 
by immunocytochemical methods (Paronetto et al. 1962; Hadziyannis et al. 
1969), and Mietkiewski and Scheuer (1985) have shown that in acute viral 
hepatitis IgG- and IgA-containing plasma cells are an important component 
of the inflammatory infiltrate. Electron microscopical studies have been 
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few, and have largely concent ra ted  on th e relat ionship between lymphoid  
cells and hepatocytes  in chronic  active hepatit is (Cuccurul lo et al. 1976; 
Kawanishi  1977; Bernuau  et al. 1982). The present  s tudy is an a t tempt  
to characterise the ul t ras t ructural  features o f  plasma cells in acute hepatitis, 
in the light o f  recent descriptions of  this series of  cells in lymphoid  tissue 
and lymphomas  (Lukes and Collins 1975; Rilke et al. 1978; Lenner t  et al. 
1983). 

The present  concept  o f  plasma cell lineage and ma tu ra t ion  is that  the 
fully developed,  classical plasma cells represent  the end stage o f  the t ransfor-  
mat ion  of  B lymphocytes ,  and that  their ma tu ra t ion  takes place in the 
germinal centres o f  lymphoid  follicles. On the basis of  electron microscopical  
characteristics, mature  plasma cells can be subdivided into reticular (Mar-  
schalko) plasma cells on  the one hand,  and lymphoplasmacyto id  or lymphat-  
ic plasma cells on the other  (Mii l ler-Hermelink and Lenner t  1978). There  
is a fur ther  type, the T-associated plasma cell or p lasmacytoid  T cell, which 
resembles a plasma cell ul t ras t ructural ly  but  does not  appear  to p roduce  
immunoglobul ins  (Mi.iller-Hermelink et al. 1973; Mfi l ler-Hermelink et al. 
1983; Papadimi t r iou  et al. 1983). Its funct ion is not  known.  In the present  
s tudy these different types of  plasma cells were looked  for, and their presence 
in the different aetiological types and morphologica l  forms o f  acute hepatit is 
was documented.  

Materials and methods 

Forty-one liver biopsies from patients with acute hepatitis were studied. All patients had 
been investigated at the Royal Free Hospital, London between 1979 and 1984. Biopsies were 
taken between the second and twentieth week of the illness. Thirteen patients had type'A 
hepatitis, confirmed by presence of IgM anti-HAV in the serum. Seven had type B, and 
in 6 a diagnosis of non-A, non-B (NANB) hepatitis was made by exclusion of known causes. 
In the remaining 15 the hepatitis was attributed to drug idiosyncrasy; the drugs involved 
included halothane, antituberculous drugs and a variety of other agents. Hepatitis was subdi- 
vided morphologically (International Group 1977) into classical acute hepatitis (21 biopsies), 
acute hepatitis with bridging necrosis (11 biopsies), acute hepatitis with panacinar necrosis 
(4 biopsies) and acute hepatitis with periportal necrosis (5 biopsies). Sinusoidal cell changes 
in these specimens have been described in detail by Bardadin and Scheuer (1984). The biopsies 
studied form part of a group the light microscopical aspects of which are described elsewhere 
(Mietkiewski and Scheuer 1985). Small portions of the biopsy specimens were fixed immediately 
after the biopsy procedure in 3% glutaraldehyde in cacodylate buffer, dehydrated and embed- 
ded in Lemix resin. Ultrathin sections were stained with uranyl acetate and lead citrate, and 
examined in a Philips 201 transmission electron microscope. Nearly all plasma cells and likely 
plasma cell precursors seen in the material were photographed for further study. 

Results 

Plasma cells and their precursors  were found  in all biopsies examined,  and 
were only absent  f rom sections with no por ta l  tracts or little in f l ammatory  
infiltrate. The number  of  plasma cells paralleled the severity o f  the inflam- 
mation.  

Mos t  o f  the plasma cells were o f  the reticular type, with un i fo rm ultra- 
structural  features (Fig. 1). They  were oval in shape, sometimes slightly 
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Fig. 1. Reticular plasma cell surrounded by hepatocytes. Note the abundant rough endoplasmic 
reticulum (R) and prominent Golgi apparatus (G) containing electron-dense granules, x 6200 

irregular in outline, with an eccentric nucleus. The abundant cytoplasm 
was characterised by parallel strands of rough endoplasmic reticulum filled 
with amorphous electron-dense material, scanty, usually oval mitochondria, 
and prominent Golgi apparatus containing electron-dense granules. Many 
of the plasma cells showed evidence of degeneration including irregular 
shape, dilatation of the rough endoplasmic reticulum, aggregation of chro- 
matin near the nuclear membrane and apoptosis. Plasma cells of the reticular 
type were typically seen near capillaries or proliferating bile ductules, or 
as solitary cells in the space of Disse, in close contact with hepatocytes. 
Within necrotic areas they were also found extravascularly as part of the 
inflammatory infiltrate. There was no obvious difference in the number 
of reticular plasma cells in the various aetiological categories. 

In biopsies showing severe acute hepatitis with much necrosis, smaller 
numbers of plasma cells of somewhat different appearance were found. 
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Fig. 2. Plasma cell of lymphatic type, with higher nuclear-cytoplasmic ratio than the reticular 
plasma cell in Fig. 1. The Golgi apparatus (G) is well seen. The cell is in contact with macro- 
phages (M). x 11,700 

These were smaller and more oval in shape, with a higher nuclear-cytoplas- 
mic ratio (Fig. 2). Other characteristics were as in the reticular type. These 
smaller cells were classified as lymphoplasmacytoid or lymphatic plasma 
cells. They were usually located within the sinusoidal lumens. 

Whereas the appearances of the above two types of plasma cells were 
remarkably uniform, much more variation was seen among blast cells show- 
ing evidence of plasmacytic differentiation. These blast cells could be divided 
according to their appearance into four types: 

Type 1. These were lymphoblasts with a low nuclear-cytoplasmic ratio and 
an eccentric nucleus with dispersed chromatin (Fig. 3). A central nucleolus 
was sometimes seen. The overall diameter of these cells was between 9 
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Fig. 3. Type 1 plasmablast (PI) within an inflammatory infiltrate. The cell resembles the reticu- 
lar plasma cell in Fig. 1, but contains much less rough endoplasmic reticulum, x 6200 

and 12 gin. The cytoplasm contained well-developed Golgi apparatus, 
scanty small mitochondria and strands of rough endoplasmic reticulum as 
well as monoribosomes. Transformation into plasma cells of reticular type 
appeared to take place by a focal increase of the rough endoplasmic reticu- 
lure which radiated from the Golgi apparatus and successively filled the 
cytoplasm (Fig. 3). Type 1 plasmablasts were mainly seen in the classical 
form of acute hepatitis, in the first month of the disease. 

Type 2. These cells were larger than type 1 (12-20 gm in diameter), with 
an irregular shape and low nuclear-cytoplasmic ratio (Fig. 4). The large, 
slightly irregular nucleus contained sparse chromatin and from one to three 
marginally situated nucleoli. Many monoribosomes, scanty polyribosomes, 
solitary strands of rough endoplasmic reticulum and oval mitochondria 
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Fig. 4. Type 2 plasmablast (P2) in contact with hepatocytes (HC). Note irregular shape of 
cell and nucleus, and prominent nucleoli. For magnified areas in rectangles A and B, see 
Figs. 5 and 6. x 3750 

were seen in the abundant cytoplasm. A few small lysosomes were occasion- 
ally present. Type 2 plasmablasts were usually seen in close contact with 
macrophages, hepatocytes (Fig. 5), lymphocytes, or other blast cells (Fig. 6). 
Intercellular contact was characterised by many narrow desmosome-like 
junctions. Between these junctions there were rounded or ovoid intercellular 
spaces containing apparently extracellular sacs filled with amorphous mate- 
rial or myelin figures (Fig. 7). Presumed maturation of the blast cells was 
characterised by 1) a decrease in the size of nuclei which became oval and 
showed chromatin aggregation as in typical plasma cells, and occasional 
small nucleoli; 2) a decrease in the number of intercellular junctions, and 
3) increase in the number of polyribosomes, with simultaneous formation 
of rough endoplasmic reticulum throughout the cytoplasm. In this way, 
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Fig. 5. Area in rectangle A of Fig. 4 magnified to show desmosome-like junctions between 
blast cell and hepatocyte, x 19,800 

Fig. 6. Rectangle B of Fig. 4 magnified to show desmosome-like junctions between two blast 
cells, x 19,800 

type 2 plasmablasts appeared to mature into plasma cells of reticular type. 
Type 2 plasmablasts predominated in fully-developed hepatitis with moder- 
ate to severe inflammation. 

Type 3. Plasmablasts were 9-12 t.tm in diameter, oval or slightly elongated, 
with relatively large nuclei of irregular shape (Fig. 8). These had irregularly 
dispersed chromatin, nucleoli were inconspicuous, and blebs or indentations 
were seen at the nuclear membrane. Within the cytoplasm there were numer- 
ous monoribosomes, scanty polyribosomes, mitochondria and small Golgi 
apparatus. Type 3 blasts were exclusively seen in close contact with macro- 
phages, often within sinusoids. Desmosome-like junctions as seen in type 
2 blasts were scanty. Maturation appeared to take place during contact 
with macrophages, and was characterised by 1) a change in the shape of 
the cells, which became ovoid as well as smaller; 2) nuclei of more regular 
shape; 3) the formation of rough endoplasmic reticulum, and 4) a marked 
increase in the number of free polyribosomes, seen in abundance throughout 
the cytoplasm. In this way there appeared to be a gradual transition to 
mature plasma cells of the plasmacytoid (lymphatic) type. Neither type 
3 blasts nor plasmacytoid plasma cells appeared to transform into plasma 
cells of the reticular type. Type 3 plasmablasts and lymphatic plasma cells 
were seen exclusively in type A and B hepatitis with bridging or panacinar 
necrosis. 
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Fig. 7. Scalloped spaces between a hepatocyte (HC) and plasmablast (P) contain sacs and 
lamellar structures (arrow). Note desmosome-like junctions between the two cells (~). x 13,500 

Type 4. In addition to the three types of blasts described above, there was 
a clearly different population of cells with plasmablast features. These cells 
were 7-14 gm in diameter, and had a high nuclear-cytoplasmic ratio, slightly 
irregular nuclei with dispersed chromatin, and an inconspicuous, centrally 
located nucleolus (Fig. 9). Some cells were hand mirror- or racket-shaped. 
Within the cytoplasm, Golgi apparatus was usually located near a nuclear 
indentation. The most characteristic feature was the presence of long strands 
of rough endoplasmic reticulum surrounding the nucleus in a regular fash- 
ion, with focal whorls where the cytoplasm was wider or where the nucleus 
was indented. A few lysosomes were occasionally seen. Type 4 blasts were 
seen in many of the biopsies, but most often in the presence of severe 
necrosis, usually within necrotic areas. Here they sometimes formed small 
groups. Although they contained considerable amounts of rough endoplas- 
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Fig. 8. Type 3 plasmablast (P3) within sinusoidal lumen, in close proximity to a macrophage 
(M). The blast has an irregular nucleus with many protrusions and dispersed chromatin. 
The cytoplasm is rich in polyribosomes, x 5600 

mic reticulum, transformation into mature plasma cells of reticular type 
was not observed. 

A few plasmacytoid cells could not be confidently allotted to one of 
the above categories, because of tangential sectioning or small numbers. 

Discussion 

Our observations confirm the previous light microscopic finding of plasma 
cells in the inflammatory infiltrate in a high proportion of cases of acute 
hepatitis (Mietkiewski and Scheuer 1985). The presence of degenerating 
or fragmented plasma cells throughout the parenchyma supports the concept 
that these cells represent an end stage in maturation, and that they die 
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Fig. 9. Two type 4 plasmablasts (P4) within an inflammatory infiltrate. Note long strands 
of rough endoplasmic reticulum parallel to nuclear margin, and whorled endoplasmic reticulum 
in a nuclear indentation (Or). x 4500 

following synthesis and secretion of  immunoglobulin. Ultrastructurally the 
two types of  mature plasma cells, reticular and lymphatic, were essentially 
similar, differing mainly in size. Their mode of  formation, however, ap- 
peared to be different in so far as this could be deduced from static electron 
micrographs. Their three precursors, type 1, 2 and 3 plasmablasts, corre- 
spond ultrastructurally to lymphoblasts, centroblasts and centrocytes respec- 
tively, as described in lymph nodes and in non-Hodgkins lymphoma (Rilke 
et al. 1978; Lennert 1978). Centroblasts and centrocytes are characteristic 
of germinal centres after antigenic stimulation, and according to current 
concepts are able to mature into plasma cells or memory L2 lymphocytes. 
It is therefore somewhat surprising that in the present study these cells 
were seen within mixed inflammatory infiltrates rather than in lymphoid 
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follicles. However, the finding might explain the occurrence of plasma cells 
extranodally within inflammatory infiltrates throughout the body. 

Type 1 plasmablasts predominated in early acute hepatitis irrespective 
of aetiology, and maturation appeared to take place within inflammatory 
infiltrates without significant interaction with other cell types. By contrast, 
types 2 and 3 were seen mainly in fully developed hepatitis of viral aetiology, 
usually in the presence of severe necrosis, and maturation seemed to involve 
contact with other cell types. Plasma cells therefore appeared to be formed 
in two different ways: by direct transformation of lymphocytes or from 
centrocytes and centroblasts. Furthermore, type 1 and 2 plasmablasts ap- 
peared to transform into reticular plasma cells whereas type 3 formed lym- 
phatic plasma cells. Transition between the two types of mature plasma 
cells was not observed. 

These observations are consistent with the following hypothetical picture 
of the humoral response in acute hepatitis. The primary immune response, 
during the first weeks of the disease, involves transformation of type 1 
plasmablasts into mature reticular plasma cells within the inflammatory 
infiltrate. This is in keeping with the observed rise in serum gamma globulin 
levels in this period (Kaymakcalan et al. 1978; Zhuang et al. 1982). The 
blast cells may correspond to a subpopulation of lymphoid cells in peripheral 
blood which transform directly on arrival in the liver. In the case of enteric 
infection and drug-induced hepatitis, we postulate that the primary immune 
response takes place in the intestinal immune system, and leads to the forma- 
tion of plasma cells and memory B 2 lymphocytes. The latter then migrate 
to the liver and transform directly into plasma cells of reticular type. Type 
2 plasmablasts and their derived plasma cells might represent a secondary 
immune response within the liver involving different antibodies, possibly 
against self components or host antigens modified by virus. The finding 
of type 3 plasmablasts in type A and B viral hepatitis suggests that they 
might participate in immune reactions against viruses. This is in keeping 
with the observation of Mfiller-Hermelink and Lennert (1978) that lymphat- 
ic plasma cells often appear in large numbers in virus infections such as 
rubella and in presumed virus infections such as non-specific mesenteric 
lymphadenitis. They also observed that IgM was demonstrable on the sur- 
face of lymphatic plasma cells and that the majority of IgM-producing 
lymphomas are of lymphatic type; by contrast, IgG- and IgA-producing 
lymphomas are usually neoplasms of reticular plasma cells. The suggestion 
that lymphatic plasma cells synthesize IgM antibodies is in keeping with 
our finding of these cells in type A and B hepatitis, in which serum IgM 
levels are moderately elevated (Kaymakcalan etal. 1978; Zhuang et al. 
1982). Close contact between the blasts and macrophages suggests that the 
latter may be involved in the stimulation of specific antibody formation 
as postulated by Wing and Remington (1978), who also stressed the role 
played by macrophages in bringing about transformation of blast cells. 

The abundance of desmosomal junctions between blast cells and hepato- 
cytes or macrophages, associated with sac-like structures, indicates the inti- 
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mate contact between the various types of cells. Lymphoid cells do not 
form morphologically detectable junctions under normal conditions, but 
these have been reported in lymphomas (Imai et al. 1980; Perez-Atayde 
et al. 1982). Junctions have also been described between lymphoid cells in 
the bursa of Fabricius (Holbrook et al. 1977). 

Our observations suggest that the type 4 plasmablasts represent a differ- 
ent cell line. In general these cells resembled the plasmacytoid T cells (T- 
associated plasma cells) described in T zones of lymph nodes and in non- 
Hodgkin's lymphomas (Miiller-Hermelink et al. 1973; Mfiller-Hermelink 
et al. 1983 ; Papadimitriou et al. 1983). The cells in our series differed slightly 
from the latter in their less electron-lucent cytoplasm and lesser tendency 
to form aggregates. These differences might reflect organ specificity or the 
different environment. The nature of the type 4 blasts requires confirmation, 
but their T cell origin is in keeping with the known presence of T lympho- 
cytes in the inflammatory infiltrate of acute hepatitis (Govindarajan et al. 
1983; Pape et al. 1983; Shibata et al. 1984). The concept that some cells 
in the hepatitic infiltrate with the morphological characteristics of plasma 
cells are of T cell origin is further supported by Mietkiewski and Scheuer 
(1985), who found plasma cells devoid of immunoglobulins in acute hepatitis 
both of viral and drug aetiology. 
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