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Summary. Light and electron microscopical findings in orthotopic porcine liver homo- 
grafts showing small, clear lymphocytes in close contact with circumscribed cell membrane 
defects, partial lysis, and lytic single cell necroses of liver epithelial cells are described and 
demonstrated. The interpretation of these results obtained 'in vivo' by the examination of 
tissue during the host-versus-graft reaction as an equivalent of the cytopathogenetic activity 
of immunologieMly activated lymphocytes ("killcr"-lymphocytes) causing lysis of target 
cells, which has been determined by 'in vitro' observation of tissue cultures, is discussed. 

Introduction 

The results of immunological research have shown tha t  during the reaction 
of a host organism to an allogeneic (or also xenogeneic) t ransplant  small, specifi- 
cally sensitized host lymphocytes  (also called effector cells, immunocytes ,  or 
"kil ler"-lymphocytes) ,  which are brought  in through the circulation of blood 

tend to invade the foreign tissue and destroy the cells of the t ransplant  by cyto- 
lysis after direct contact  or close proximi ty  between external cell membranes.  
This phenomenon is due to a reaction of cell-bound antibodies of lymphocytes  
with t ransplant  antigens on the cell membranes of t ransplanted cells. Underlying 
this pathogenet ic  concept is the fact  tha t  specifically sensitized lymphocytes  tend 
to destroy cells, which has been established by 'in vi t ro '  observation of tissue 
cultures. The exact  mechanism of this cell destruction is uncertain. (For detailed 
bibliographies see I~osenau 1968, Weiss 1968, Pas ternak and Sehneeweiss 1973). 
This process, i.e., the cytopathogenic  act ivi ty  of "ki l ler"- lymphocytes  causing 
lysis of target  cells ( transplant cells), has not  so far been convicingly demonst ra ted  
morphologically by  'in vivo '  studies in the host organism. To this light and elec- 
t ron microscopical findings are reported and disscussed. 

Materials and Methods 
The results reported in this paper were obtained from an orthotopically transplanted 

allogeneic porcine liver.--The tissue was removed by exploratory excision made during lapa- 
rotomy performed 138 days after transplantation. The operating technique of the transplan- 
tation was ~ modification of the technique described by Starzl (1964) and St~rzl et al. (1965). 
For light microscopy tissue blocks of 1 cm 3 were fixed in formalin and absolute alcohol. The 
following stainings were used: Hematoxylin-eosin, connective-tissue staining by van Gieson's 
method, Astra blue (pH 4,1), Feulgen's reaction, Gomori's silver staining, and Best's carmine 
staining.--For electron microscopy liver tissue was separated, within 30 to 90 seconds, into 
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Fig. 1. Sinusoid (S) with few lymphocytes (~'), activated endothel ceils and macrophages 
(ep. with Figs. 3--5). To the right; Lyric single cell necrosis (~:), in place of the lytie hepato- 
eyte lymphocytes and macrophages ( ~ ) (cp. with Figs. 5 and 6). Peripheral lysis of one hepato- 
cyte (~)  (cp. with Fig. 5). Orthotopic porcine liver homograft 138 days after transplantation. 

Van Gieson's staining • 830 

1 mm 8 pieces on an cooled glass plate and immersed in ice-cooled, 1%, isotonic OsO~ solution 
buffered at a pH value of 7,2, the duration of fixation being 2 hours. The material, after having 
been in contact with tyrode solution for a period of 15 minutes, is dehydrated in an ascending 
acetone series, 0.5% of phosphotungstic acid and 0.5% of uranyl acetate being added at the 
70% acetone level. After this, the material is imbedded in Micropal and then polymerized in 
an incubator at a temperature of 60 ~ C. An Om U2 type ultramierotome (C. Reichert, Optische 
Werke AG, Vienna), was used for the preparation of ultrathin sections. The ultrathin sections 
were observed with an SEM 3--2 type 100 kv electromagnetic electron microscope (Werk 
ffir Fernsehelektronik, Berlin-OberschSneweide) as well as with a D2 type 50 kv electrostatic 
electron microscope (VEB Carl Zeiss, Jena). 

Results 

Small,  clear l ymphocy tes  were observed in the  lumens of the  sinusoids,  in 
the  sinusoid wall (Figs. 1, 2b, 3 - -5 ) ,  and  in the  space of Disse. The  cell membranes  
of hepa t ic  epi thel ia l  cells loca ted  in the  ne ighbourhood of lymphocy tes  somet imes 
cannot  be de tec ted  focally by  means  of e lectron microscopy (Figs. 3- -5) .  I t  is a t  
such points  t h a t  releases of cy toplasmic  cons t i tuents  into ext race l lu lar  spaces 
m a y  be seen (Figs. 3- -5) .  The endothel ia l  s inusoid l ining is i n t e r rup t ed  in these 
zones (Figs. 3, 4). And  in the  immedia t e  ne ighbourhood there  are loca ted  macro-  
phages  phagoeyt iz ing  cell debris  (Kupffer  cells and  highly  ac t i va t ed  endothel ia l  
cells, respect ively)  (Figs. 3, 4), t h rombocy tes  (Fig. 5), and  granuloeytes  wi th  i n t ac t  
cell membranes .  Also, small  clear lymphocy tes  were observed in the  immed ia t e  
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Fig. 2a--c. Relations between lymphocytes, hepatocytes and hepatic single cell necrosis: 
a) Two lymphocytes in close contact to hepatocytes (~). b) Small lymphocyte (~) in a sinusoid 
(cp. with figures 3--5), nearby a lyric single cell necrosis ($). c) Lyric single cell necrosis (~:), 
In place of the lyric hepatocyte lymphocytes and macrophages (cp. with Figs. 5 and 6). 
Orthotopic porcine liver homograft 138 days after transplantation. Hematoxylin-eosin- 

staining. • 830 

neighbourhood of as well as within ei ther  par t ia l ly  or wholly decomposed liver 
epithelial cells (Figs. 5, 6). Light  microscopically,  this is the typical  finding of 
lyric single cell necrosis or par t ia l  (peripheral) lysis of hepatocytes  (Air- 
m a n n  1955) (Figs. 1, 2b,  2c). The cell membranes  of neighbouring liver epi- 
thelia are in tac t  (Figs. 5, 6). I n  all hepat ic  epithelial cells the  endoplasmie 



Fig. 3. Small, clear lymphocyte (L) in a sinusoid (S) in close contact with the endothelial lining 
(e) (cp. ~vith Figs. 1 and 2b). The endothelial sinusoid lining (e) is interrupted in this region 
(between ;~ ). The cell membrane (~) of the neighbouring hepatocyte (H1)cannot be detected 
focally at the point nearest to the lymphocytes (between $). The release of hepatocyte cyto- 
plasm into the space of Disse (D) and the sinusoidal lumen is visible here. K Neighbouring 
maerophages (Kupffer cells or activated endothelial cells, respectively) with phagocytized 
cell debris in their cytoplasm. Greatly increased and partially dilated smooth and rough 
surfaced endoplasmic reticulum (ER) and some enlarged mitochondria (M) with a low- 
electron-density matrix in the hepatocytes (H). Mb Microbody. 2? Nucleus of the lymphocyte. 
The sparse cytoplasm of the lymphocyte contains clear, basic cytoplasmic substance with few 
ribosomes and a weakly developed smooth endoplasmic reticulum. Orthotopie porcine liver 

homograft 138 days after transplantation, x 15000 
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reticulum is considerably increased at the expense of the hyaloplasm. The rough 
surfaced endoplasmic reticulum seems to be somewhat reduced. The endoplasmie 
spaces show different degrees of dilatation (Figs. 3--6). The liver cell mitochon- 
dria are occasional enlarged and show a moderate electron density of the matrix 
(Figs. 3--6). Electron miscroscopically, the lymphocytes exhibit roundish to 
oval, sometimes slightly wavily bounded nuclei with focally differently electron 
dense granular nucleoplasm, clearly visible perinuclear spaces and a sparse cyto- 
plasm with low electron dense hyaloplasm (Figs. 3--6). The cytoplasm contains 
only a small amount of smooth tubular endoplasmic reticulum (Figs. 3, 4--6), 
some relatively large Golgi areas (Fig. 6), and a small number of comparatively 
large mitochondria (Figs. 5, 6). The hyaloplasm contains a varying number of 
ribosomes (Figs. 3--6). Ribosomes may sometimes be found to be located at 
endoplasmic membranes (Fig. 6). The cell membranes of lymphocytes exhibit 
occasional small and pore-like defects (Figs. 4, 6), which range in size from 200 
through 750 A. 

Discussion 

The invasion, via blood vessels, of the transplant by lymphoeytes and their 
close contacts with the cells of the transplant has been frequently observed by 
means of both the light and electron microscope and considered to be a morpho- 
logical expression of the role played by them in the process of rejection (Medawar, 
1944 ; Kountz et al., 1963 ; Wiener et al., 1964 ; Porter et al., 1964; Klion and Schaff- 
net, 1967; gosenau et al., 1969; Porter, 1969; Hunt,  1967; Roessner et al., 1971; 
for further bibliographies see Pasternak and Sehneeweiss, 1973). Indentation of 
cytoplasmic processes of contiguous lymphocytes and transplant cells was some- 
times observed in the electron microscope. Porter et al. (1964), who made electron 
microscopical studies of the process of rejection of renal homotransplants, also 
described a decomposition of cell membranes of the immunoblasts and parenchy- 
mal cells of the transplant. Such results could not be confirmed by Roessner et al. 

(197t) in their studies of orthotopically transplanted allogeneie dog livers, their 
results being in agreement with those obtained by Klion and Schaffner (1967) 
and Rosenau et al. (1969). Roessner et al. (1971) observed unsharply defined 
membrane regions of the hepatocytcs, pointing out, however, that  necroses of 
parenchymal cells due to close contact with lymphocytes have not been observed 
by them. In homotransplanted kidneys Kountz et al. (1963) did not see any evi- 
dence for an immunological attack on renal parenchymal cells. The results 
obtained for the cell membranes of transplant cells, which have been reported in 
the publications by goessner et al. (1971), Porter et al. (1964) and Kountz et al. 
(1963), do not agree with our results reported here. Hunt  (1967), in an electron 
microscopical study of orthotopic porcine liver homografts, was able to observe 
large lymphoid cells in the Disse space as well as between hepatic epithelia. He 
also reported that  some lymphocytes seem to lie even within hepatocytes. Porter 
(1969), in electron microscopical studies of orthotopic canine and human liver 
homografts, observed lymphoid cells, thrombocytes, and hepatocyte debris in 
the sinusoids as well as in the space of Disse, which is in agreement with our 
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Fig. 4 
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results. He describes a circumscribed destruction of the endothelial sinusoid 
lining and observed changes of the endoplasmic retieulum and of the mitochondria 
of hepatocytes, which are similar to those which were observed by Hunt  (1967) 
and us. The electron mierographs published by Porter show advanced stages 
of decomposition of hepatic epithelial cells, which are similar to those that  may  
be seen in Figs. 5 and 6 of the present paper. They are described as liver cell debris 
in the widened space of Disse. 

Whereas electron microscopically visible circumscribed defects of the cell 
membrane of parenchymal cells in transplants, which are described in this paper, 
have not previously been reported by other investigators, similar conditions of 
liver cell membranes with releases of components of cytoplasm into extraeellular 
spaces have frequently been observed for liver diseases (such as, for instance, 
viral hepatitis, chronically relapsing hepatitis, and liver cirrhosis) and in various 
experiments (effects of toxic substances, hypoxia etc.) (Cossel, 1959, 1966, 1967; 
Simon and Varonier, 1963; I-Iaenni, 1964; Barka et al., 1964; l~ouiller, 1964; 
I~ouiller et al, 1965; Ashford and Burdette, 1965; Minio et al., 1965; Lane and 
Becket, 1966; Bo]er and Bibighaus, 1967; Meldolesi et al., 1967; Hampton  et al., 
1968; Porto et al., 1968; Pfeifer and Bannaseh, 1968; Pfeifer, 1970, 1973). The 
general pathological importance of such changes as a potential onset of partial 
lysis of the periphery and eolliquation necrosis (lysis) of hepatic epithelial cells was 
discussed on the basis of electron microscopical findings obtained in animal ex- 
periments and in studies of human liver diseases (Cossel, 1966; Pfeifer, 1970), 
resuming the thread of conclusions drawn by Altmann (1955) from results of 
observations made with the light microscope. 

I t  is quite possible for the circumscribed defects in liver cell membranes and 
the decomposition of hepatoeytes to be the results of mechanical preparation 
artifacts rather than an expression of a vital process, a question that  has been 
discussed by nmnerous authors. Militating against artificial causes are, for the 
findings demonstrated in the present paper, the observation by light microscopy 
of typical lyric single cell necroses (compare Figs. 1, 2b, 2c with Figs. 5, 6) as well 
as the integrity of neighbouring cells including their cell membranes (Figs. 3--6). 
The maerophages phagocytizing cell debris (activated Kupffer cells), and throm- 
bocytes in the immediate neighbourhood of cell membrane defects and hepato- 
eytes tha t  are either in the state or in process of colliquation (Figs. 3, 4, 5), 
which are at t racted by the decomposition of cells and the release of tissue thrombo- 
kinase, may  be considered to be an indication of an intravital process. Pfeifer 

Fig. 4. Two lymphocytes (L) in a sinusoid (S) (cp. with Figs. i and 2b). e Partially two-layered 
endothelial sinusoid lining. Some of the endothelial cells are enlarged (activated) (ea). The 
right side of this picture shows an interruption of the endothelial sinusoid lining (e) between ~. 
The cell membrane (t) of the heioatoeyte lying here cannot be detected focally (between ~). 
Hepatocyte cytoplasm is leaking through this defect in the cell membrane into the Disse 
space (D) and the sinusoid lumen (S). Greatly increased and partially dilated endoplasmie 
reticulum (ER) in the hepatocytes. M Mitochondria. _h T Lymphocyte nuclei. The sparse cyto- 
plasm of the lymphoeytes contains ribosomes (Rb) and only a small amount of tubular, smooth, 
endoplasmic retieulum (ERL). p Pore-like defect in the cell membrane of a lymphocyte. 

0rthotopie porcine liver homograft 138 days after transplantation. • 15000 
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Fig. 5 
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(1970, see also Pfeifer, 1973) has also pointed out that  the defects in liver cell 
membranes observed by him cannot be satisfactorily explained by the assumption 
of preparation artifacts, as Kupffer cells were found to react to liberated cyto- 
plasmic components. However, an artificial cause of these findings can not be 
excluded. But  it is discussible to interpret these 'in vivo' findings obtained in the 
tissue during the host-versus-graft reaction as being light and, especially, electron 
microseopicM equivalents of the lyzing effect of immunologieally activated lym- 
phocytes on target cells, which has been observed in tissue cultures. ' In  vitro'  
cinematographic observations display: After a varying period of contact with 
one or with several lymphoid cells, the target  cells suddenly swell and their cell 
membranes rupture (Rosenau, 1968). The Figs. 3 and 4 might be electron micro- 
graphs according to these phases after contact or close approach of the cell 
membranes of the effector cell (lymphocyte) and target  cell (hepatocyte) with 
decomposition of the target  cell membrane at the point of contact and release 
of cytoplasmic components into extraeellular spaces. The Figs. 5 and 6 show 
advanced stages of this process of decomposition of liver cells up to the point of 
lytic single cell necrosis. Corresponding electron microscopical 'in vitro'  obser- 
vations are target  cell changes consisting of edema, disruption of the plasma 
membrane, and escape of cytoplasmic components into the surrounding medium 
described by Able et al. (1970). However, these findings are not exemplified by 
electron micrographs. Weiss (1968), studying the 'in vitro'  destruction of target  
cells in the electron microscope, could not ascertain distinct ruptures of the cell 
membranes . - -The  occurence of the demonstrated hepatocyte alterations (Figs. 3, 
4) in other liver diseases and under experimental conditions corresponds to the 
conception tha t  the virtual lysis of target  cells (second step) is not necessarily 
specific (Granger and Williams, 1968; I~osenau, 1968). The specificity is said to 
be determined by the preceding antibody-antigen reaction on the surfaces of the 
lymphocytes and target  cells (first step) (gosenau 1968).--It  must  be considered 
that  the demonstrated findings in hepatocytes might be caused by other factors 
(e.g. hypoxia, cp. Ashford and Burdette, 1965), and the close proximity of lym- 
phocytes is quite accidental . - - t t  is not at  present possible to give an answer to 
the question as to whether the pore-like defects observed in the cell membranes 
of lymphoeytes and having sizes between 200 and 750 A (Figs. 4, 6) play a major 
role in the process of releasing dissolved substances (antibodies or cytotoxic 
factor ? see Granger and Williams, 1968; Weiss, 1968; Rosenau, 1968) or whether 
they should be considered to be due to tangential cuts of cell surface irregularities. 

Fig. 5. Lymphocyte (LI) in a sinusoid (S) (ep. Figs. 1 and 2b) near the focally not clearly visible 
( $ ) endothelial sinusoid lining (e). The subjacent hepatic epithelial cell (H~) is partly dissolved 
(partial lysis of the cell). A further lymphocyte (Lz) can be seen in the dissolved part thereof 
(OF. with Figs. 1 and 2e). The unimpaired part is immediately adjacent to an intact hepatic 
epithelial cell (He) which is seen on the right side of this picture. There is a bile eanaliculus 
(BC) in between. The arrows (f) point at sill unimpaired parts of the external cell membrane 
of the partly dissolved hepatocyte (H1). ER Greatly increased and dilated endoplasmie reti- 
culum. M Mitoehondria. The sinusoidal lumen contains liver cell debris and thrombocytes 
(T). D Disse space between endothelial sinusoid lining (e) and hepatoeytes (H). N Nuclei, 
ML Mitoehonch'ia, ERL Tubular endoplasmic reticulum, Rb Ribosomes in the clear hyalo- 
plasm of the lymphocytes. Orthotopic porcine liver homograft 138 days after transplantation. 

• 15000 
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Fig. 6. Small, clear lymphocyte (L) within cytoplasmic remains of a dissolved hepatocyte 
(lytic single cell necrosis) (cp. with Figs, 1 and 2 c). The adjacent hepatic epithelia (H 1 and H2) 
are unimpaired and have intact cell membranes (~). C Cy~osome, Mb Mierobody, M Mit~- 
chondria and E/~ Greatly increased endoplasmic reticulum with partially dilated endoplasmie 
cisternae of liver epithelial cells (H). N l~ucleus, M L  Mitochondria, G Golgi complex, Rb 
Ribosomes, E R L  Smooth and rough surfaced endoplasmic reticulum of the lymphocyte. 
/9 Pore-like defect in the cell membrane of the lymphocyte. Orthotopic porcine liver homograft 

138 days after transplantation. • 15000 
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Since immune  cellular react ions  are known to p l ay  an i m p o r t a n t  pa r t  in l iver 
diseases accompan ied  b y  acute  and chronic des t ruc t ion  of p a r e n c h y m a l  cells, i t  
is reasonable  to  assume t h a t  lysis (coll iquation necrosis) of hepat ic  epi thel ia l  
cells (Figs. 1, 2b, 2e, 5, 6) caused b y  " k i l l e r " - l y m p h o c y t e s  is no t  only  a mecha-  
nism tr iggering and suppor t ing  the  hos t -versus-graf t  react ion,  bu t  m a y  also, for 
o ther  forms of l iver  disease, be the  morphological  subs t r a t e  of the  fac tor  t r igger ing  
and suppor t ing  the  process of disease (self-perpetuat ion) .  I n  this  case the  well 
known l ight  microscopical  f inding of mesenehymal  cells ( lymphocytes)  in t he  
p r o x i m i t y  of necrot ic  or d a m a g e d  hepa toey tes  (Figs. 1, 2b, 2e) would no t  be sim- 
p ly  a secondary  reac t ion  to  hepa tocy te  in jury ,  bu t  the  mesenchymal  cells (lym- 
phocytes) ,  in turn ,  would cause the  damage  of the  hepa tocy tes  (cp. M a c k a y  and 
Wood,  1961; Burner ,  1961; Popper  and  Schaffner,  1965). Therefore,  i t  is neces- 
sa ry  t h a t  in electron microscopieM studies  of the  l iver  under  bo th  pa tho log ica l  
and  immunologica l  exper imenta l  condit ions special a t t en t ion  should also in the  
fu ture  be pa id  to the  de tec t ion  of lymphocy tes  in connect ion wi th  c i rcumscr ibed 
dissolutions of l iver  cell membranes  and lyr ic  single cell necroses. 
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