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Viral hepatitis (VH) is an inf lammatory reaction of 
the liver to hepatotropic viruses. Acute VH can be 
classified according to the virus and type of necrosis. 
Chronic hepatitis (CH) might  be active, persistent or 
lobular based on previous classification. More re- 
cently the grade (necroinflammatory activity) and 
stage (fibrosis and architectural distorsion) of  CH 
have been  dist inguished and scored. Apoptos is  and 
necrosis probably coexist in VH and contribute to 
hepatocyte  death. Several "death factors", such as 
transforming growth factor ]~, Apol /Fas  and tumor 
necrosis factor play a role in the execution of cell 
death. Injury of hepatocytes  during viral infect ion 
can occur as a direct effect of  the virus or as a result 
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of the host  i m m u n e  response.  Expression of differ- 
ent viral antigens can be detected during VH and 
might  be visualized.  Phenotyping  of the portal inf- 
lammatory cell infiltrate in CH has s h o w n  a T-cell 
z o n e  comprised of CD4 + helper T cells and CD8 + 
supressor/cytotoxic T cells at the periphery of the 
lobules.  The pathogenetic  mechanisms  responsible  
for the final outcome of viral infect ion depend on 
viral factors (such as genotype,  mutat ion etc.), virus- 
host  interaction, expression of viral protein, several 
cytokines  etc. which  finally lead to the wel l  k n o w n  
histological  alterations of viral hepatitis. (Pathology 
Oncology Research Vol 2, No3, 132-143, 1996) 

Histological characteristics o f  viral hepatitis in relation 
to the activity attd stage o f  the disease 

Virus hepatitis (Vtt) is a diffuse inflammatory reaction 
of the liver caused by hepatotropic viruses, which besides 
the well-known types (A,B,C,D,E), seem to have new 
members) 4 Acute hepatitis (AH) is characterized by it 
combination of hepatocelhllar degeneration, nccrosis and 
regeneration, inflammatory infiltration and macrophage 
activity '~s (Fig. I). The proportion of these components 
may wt W according to the particular virus, the host 
response, and the passage of time. 

Several histological classifications of acute hepatitis 
exist, o's The main event of AH is hepatt>celluhtr dam- 
age/necrosis, which can be spot O' ([bcal) m'crosis, when 
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the individual hcpatocytcs (HC) die and are removed. Tile 
reaction is an inmlunocompetent elimination of cells car- 
rying viral antigens and it is a hallmark of classic acute 
hepatitis. Cot!flttem and bridgitzg #zec#o,vis is the death of 
groups of adjacent HCs. Confluent necrosis linking vascu- 
lar structures is known as bridging t+e+'pv).s'is, which can be 
"cer or a more severe form which links ter- 
minal hepatic venules to portal tracts ("t'e#tlral-i?orlal"). 
Confluent and bridging necrosis indicate a more extensive 
ibrm of VH. Usually thc morc extensive the HC damage, 
the more florid the portal inflamnmtion. Piecemeal 
Hecrosis is the death of HC at the interface of parenchyma 
and connective tissue with a variable degree of inflamma- 
tion and fibrosis, lntertZlce hel~atitis is an alternative term 
introduced by Schcuerf :~ Piccenical necrosis is the key 
fcature of chronic active hepatitis (CAH). It is defined as a 
gradual destruction of a single or few hepatocytes at the 
border or interface of" the mesenchymal, parenchymal 
margin and it is associated with inflammatory reaction. A 
very close contact between the cell membranes of HCs 
and lymphocytes, called pcripolesis, has been point- 
ed out ~~ (Fig.2). Lymphocytes destroy the periportal 
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Figure l. Acute viral hepatilis fifE). 

parenchynm, the limiting plate is broken and lymphocytes 
replace the ItCs. 

It is generally accepted that it is not currently possible to 
differentiate reliably between the Ibm> of acute VH caused 
by diffcrcnt hepatotropic viruses based on histology alone�9 
However, therc are certain characteristic histohwical fea- 
tures caused by the different viruses. ~-'~'~s'~~ t~ (Table 1). 

Table 1. Some characteristics of AVH caused by differ- 
ent viruses 

Hepatitis Histopatholo~,~y 

AVH-A 

More recently, the original histology activiw index 
{HAIl has been divided into the erade and ,~/age of the 
CH. Grade describes the intensity of necroinflammatory 
act~wty in CH. while smee  measures the fibrosis and 

f'igure 2. Close co,ttact of a lymfd~otyh" oral a hepatocyte m 
chro~zic hepatitis by EM (Councihnan). 

g. 

1 7  . . . .  : 

AVH-B 
AVI I-C 

AVI t-D 
AVH-E 

dense portal/periportal inflammation and , f~" , 
necrosis dominate, little perivenular 
necrosis, plasma cells prominent e ~ : "',," 
peri/emperipolesis is prominent . . . .  
bile duct damage, microvesicular fat, '=~. ~,/ �9 ~' 
lymphoid follicles . , ,~" 
eosinophilic change, microvesicular fat " , 
similar to AVH-A 

There have been many discussions of the nomenclature 
and classification of chronic hepatitis (CH) <7~~":1< after 
the definition in 1968 > which recommended a simple 
division of CH into chronic persistent (CPH) (t:ig.3), 
chronic active (CAH) (Fig.4) and latter chronic Iobular 
forms. The terms CAH/CPH are meaningful only if 
they are used in association with etiologic designa'ions 
and are supplemented with additional quantitative infl)r- 
mation. ~6,~ 

The first numerical scoring system {'or measuring 
histological activity in CH was suggested by Knodell et al 
in 1981. s~ While widely used, it has recently been criti- 
cized. Reccnt editorials 2<~ discuss CH as a spectrum of 
common inflammatory reactions, the histological presen- 
lation of which oscillates in grade and may be modified by 
structural alleralions such as fibrosis c,r cirrhosis, and may 
further have different prognostic and flmrapeutic implica- 
tions according to etiology.~7~'~ 

Figure 3. Chronic persiste, t hepatitis (HE). 

Figure 4. Chronic active hepatilis (HE). 
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archiIeclural distortion of the livcr, p'';" Numerical scores 
:.ire used to quantify both grading and staging providing a 
sen]iquantitative e\aluation of the observed histological 
l{_'atures. The modified HAl for grading includcs (tOlal 

scorc of 18): 

- Periportal or periseplal interface hepatitis (piecemeal 
necrosis) (score: (}-4) 

-- COlII]L1CI1I necroqs (bridging. panacinar, multiacinar) 
(score: 0-6) 
Focal (spotty) lyric necrosis, apoptosis, focal inflam- 
mation (score: 0 4) 

- Portal inflammation (score: {)-4) 

Sla,k, i11~,, concerns fibrosis, architectural disturbances inc- 
luding cirrhosis, and scored frt)m 0 - 0 ,  2('4~' 

The international group which has fornmlated the most 
recent semiquantitalive scoring system underlines thai 
"each pathok}gist is, however, free t{} use whatever system 
he or she wishes". 4~' The scoring of liver biopsy is espe- 
cially important in therapeutic trials. 

The mode and mechan i sm  o f  hepatotropic viral i . f ec t ion  

It is now generally appreciated that both al}Ol)tosi.~" and 
necrosis ]nay coexist in human hepatitis and may contrib- 
ute to liver cell death. Patel and Gores ~6 point out that 
apoptosis has been "underrccognizcd" during livcr injury 
because apoptosis is histologically inconspicuous in most 
liver alterations and the term necrosis is generally 
applied. *~' However, necrosis is correctly defined by loss of 
the plasma membrane permeability barrier, which delEct 
results in cytolysis. Apol)tosis is i"lalling of") defined as 
nuclear DNA and cell fragmentation with preservcd 
plasma membrane and organelle integrity. The cell flag- 
meals are ullimately eliminated by phagocytosis resulting 
in f/he histological appearance of cell drop ont. Typical 
apoptotic cells can be observed in acute and chronic hepa- 
titis as large Councilman-bodies (I:i~.5), or smaller, mcm 

5.> ~ ~ . .  

D i 

Figure ,5. AFoptotic t~os ~i -{,iml heFati: is (HE). 

brant-bound cell lragn]ents, many of these aheady pha- 
gocytosed by neighb{}ring cells and macrophages. It has 
been suggesled lhal lhe elimination of ' ,irus-infecled cells 
by apoptosis rather than by necrosis may have a signifi- 
cant advantaoee, for the- host. Apol)totic bodies will be 
phagocytosed while their membranes are still it]tact, 
which should prcvcnt release of virions and other 
intraccllular constitucnts mid prc\.cnts tissue int]amma 

' ( ' } 1  I { I  l i p  I l, " - In COlllrast, ly l ic  necrosis of cells might lead to 
viral dissemination. 

It has been suggested that hepatocytes progress from a 
putative progenitor area from the /.one I {periportal) 
toward the perivenular region (zone 111) where hcpato- 
cyles are eliminaled by apoptosis ("streaming liver 
hypothesis"). -~ The average duration of apoplosis in ral 
liver was lound to be 3 hrs, which explains the relatively 
rare observation of apoptosis in histological sections c~en 
in slates of considerablc cell loss. The latter stages, as 
well as ccll Iragnlentation and phagocylosis of apoptotic 
hodies, appear It) be very rapid events lasting only a few 
minutes. A specific mechanism is involved in lhe recog- 
nitit}n of apoplotic cells, which may vary wilh cell type. s(' 
By, far the slowest part of morphologic features of apop- 
tosis is the intracellular degradation of phagocylosed 
apoptofic bodies. ]' ' 

The biochemical and molecular events in cells "des- 
tined" to die have been extensively studied :.aid the genes 
and proteins involved in the active self-destruction of cells 
havc been the f{}cus of intensive research efforls. J~}] 

The "phases" of active cell deadq can be divided Jnlo a 
I,Wmral:~O: phase, during which events titvoring or inhi- 
biting active cell death will lead lo a po i ,  t o f  no retur,+, 
which is lollowed by thc execution of death. 

Different proteo.ses are very important in the pr~Tmra 
tot 3 pha,se in viral hepatitis. It is known that cytoloxic T- 
lymphocytes and natural killer cells inject a pore forming 
protein (perforin)and group of proteases (fmgmentin) into 
the target ceils. Pert~}rin is integrated into the membr:me+ 
The protracts which have serine protease activity arc 
responsible for the appearance of apoptofic changes in tile 
nucleus of the larger cell.S{' 

Ir~terleukin-I1~ (Ig-ll:~)-converting en/yme (ICE) which 
shares functional and sequence homology with red-3 (a 
gene in hematoides C. elegans responsible for apoptosis) 
causes al)optosis. Certain viral products can inactiwtte ICE 
and pre\cnI ICE-mcdiatcd apoptosis and il has been sug- 
gested thai  inhibitiun (,f ho:;t eel! af)BpIn,;i~; is a mechanism 
of viral survival, s{~ 

Tissue transglutaminases (TTG) catalyze the l\n+mation 
of glutamyl lysine cross-linkages between appropriate 
substrates, which result in the forlnation of a rigid, insol- 
uble structure during the formation of an apoptotic body+ 
The cross-linked protein may serve t{) trap cytoplasmic 
organelles '+  ̀ and pre\ent their release into the extracel- 
Iular surrounding. TTG induction and activation occurs 
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during apoptusis in hepatocytes and it is not expressed in 
normal hepalocytes, s" 

(;o+e~ that control apoptosis :]re very important as a 
mechanism to counterbalance cell proliferation, s<, Bcl-2 
~cnc is a critical ~, ' " ~ " ie~ulator ol apopt( sis and its product has 
been localized to mitochondria, nuclear membranes and 
endoplasmic reliculum. .3 Bcl 2 may phiy a role in thc 
prevention of oxidative damage to cellular constituents, 
such as DNA, which may ultimately trigger apuptosis. *<' 
Several viru,~-encoded bcl-2 homologs have been ident- 
i['ied (BHRF-I in EBV, LMWS5-HL in African swine 
fever virus etc.) which have the potential of inhibiting 
apoptosis and they can contribute to viral latency or result 
in a persistent viral infection in the absence of cell 
lysis. ~sx'-~ Other genes and their products such as p53, myc, 
TRPM-2 and RP8 are probably important in the regulation 
of apoptosis, however their function is not clear. 

The "execution of cell death" is usually very rapid. The 
"death command" activates proteases, endonucleases, 
transglutaminase etc. 

Positive and negative factors contribute to active cell 
death. Negative signals, survival i~ctors, which prevent 
cells flom suicide, are important for the maintenance of 
the appropriate tissue size. ~"~ In the liver, hepatotropic 
factors such as epithelial growth factor (EGF), hepatocyte 
growth factor (HGF), transforming growth factor ot 
(TGFo0 probably exert survival factor activity. L~o. u,~ 

The findings that the accumulation of hepatitis B surface 
antigen (HBsAg) in the cytoplasm of infected hepatocytes 
is associated with increased expression of a potent hepato- 
cyte growth stimulator, the transfi:~rming growth factor-cz 
(TGFez), suggests a possible pathomechanism for how' a 
virus nligbt stimulate cell proliferation. 7>'e' Using double 
imnmnohistochemisuy, both HBsAg and TGFc~, can be 
detected in the cytoplasm of  the same hepatocytes. The 
increased production of TGFcx can be proved by in situ 
hybridization (Schaff et al under puN.). 

Positive signals which favor active cell death (death 
signal factors) participate m the selective elimination of 
damaged cells. These death signal factors inchlde the 
TGF~3 family, the Fas 
{TNF). I{'l 

The effect of TGF{] 
studied extensively in 
action of TGF[3 is well 

ligand and tumor necrosis factor 

and related peptides have been 
the liver. The mitosuppressive 

known. Schulte-ltermaun's group 
has found that TGF]3~ induces apoptosis in cultured rat 
hepatocytes and in vivo when injected in rats some hours 
before sacrifice, s3 It has been suggested that T G F ~  acts 
synergistically on cells ah'eady primed for apoptosis by' 
unknown signals, which may be generated by mitogen 
pretreatment or by hyperplasia. It has been shown that 
hepatocytes, apparently preparing for apoptosis, were also 
positive for pre-TGF[3~. ~:~ These studies suggest that hepa- 
tocytes programmed for cell death synthesize (pre-) 
TGF~3~, which may act in an aulocrinc manner Cautocrine 

, %  g ~  . 

Figure 6. Fas expression on the cell membrane of l lCV-infected 
hepatocyte 

suicide"). Additionally, T G F ~  may affect apoptusis in a 
paracrine fashion because nonparenchymal cells also 
synthesize TGF[-3~. ~ 

Increased expression of TGF~r at tim protein level, 
detected by immunohistochemistry, was found to bc corre- 
lated with the histological activity in C H ]  s97 The higher 
the grade of disease, the higher the TGF]3~ expression 
found, 

Another signal system involved in induction of apop- 
tosis is the cell surface receptor known as Apol,  Fas or 
CD95 and its ligand. Fas belongs to the tumor necrosis 
factor receptor/nerve growth factor receptor family, s~ The 
ligand to the Fas/Apol receptor has been isolated and 
turned out to belong to the TNF/nerve growth factor fam- 
ily. ~m It is expressed in cytotoxic T-lymphocytes and 
induced death in cells expressing the Fas receptor (Fig.6), 
when FasL binds to Fas, the target cell undergoes apopto- 
s i s )  v Activated T-cells are ablc to undergo autocrine sui- 
cide which may be important for suppression of immune 
response and peripheral tolerance by T-cell deletion. -'r The 
Fas ligand/receptor system represents one of two known 
mechanisms of cell killing by cytotoxic lyniphocytes." 
Various cells express Fas including hepatocytcs, whereas 
f'asL is expressed predominantly in activated T cells. 

Cell-mediated immunity is important in acute and chro- 
nic hepat i t is .  P iecemea l  necros is  occurs ,  where 
lymphocytes or macrophages and hepalocytes are in close 
contact. Cytotoxic T-lympbocytes and pit cells may induce 
apoptosis-like cell death in hepatocyies bv either the per- 
forth or the Fas ligand pathway, k~*  In patients with CH- 
C. Fas antigen has been found to be expressed particularly 
at the advancing edges of piecemeal necrosis, a2 In another 
study, Apol /Fas  expression in the hepatocyte cell mem- 
brane was low in intact liver tissue, but elevated in cirrho- 
sis and liver failure associated with HBV infection. ~ Fas 
ligand mRNA expression was not found in nomial liver 
but was dcmonstrated in HBV and HCV-relatcd liver 
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diseasc in alOas with lymphocytic inf i l t lat ion. ~''~ Data 
suggest that acute fuhninant llcpatitis in hulnans inay be 
Fas-inediaied and speciiic CTI+s ,:ire involved in fu]nlh]ant 
hepatitis. ~ Primary hepatocytes are sensilive to Fas-illed]- 
ated apoptosis in vitro. HLIlllall hepatitis C virLIs ( t tCV)  

transfl)rn~cd hepatocytcs overexpress l :as)  2 

In this model, virus antigens of hepatitis B virus or 

HCV expressed on hepatocytcs would activate CTLs to 
express Fas[+, which then would hind to Fas on hcpato 
cytes (Fig 6), inducing them to iuldergo apoplosis+ This 
process n]ay normally occur to remove virus-infected 
ce]]s bul, if exaggeraled, n]ay lead to fLilnlhlant hepati- 
tis. (Fig.7) 

H[A  i 

Figure 7. l~othomechaJtisnl oi hcpah~c!//e deoth dt/rh(\, ~,iral 
in(cotton. 

It has been shown that viral infection call inhibit tr;u]- 
scription of cellukir pi+oteins and predispose cells to TN/r- 
imlm'ed deaflr ~<> Tile type of cell death induced by TNFo'. 
exhibits some tnorphological signs oi: ~q~(Jplo.si.v, bLIt a]so 
shows pronounced h'tic damage. Death of hcpatocytes 
during viral inf0ction Call occilr as a direct effect of the vittlS 
Or ~.is a iesti[t o[ the ]l(iSI Dtllllltlle' r e s p o l ] s e ,  Apoptosis may 
represent a host defense niechanism aguinst viral inlcction 
by wi~ich tl~c il]fccted hcpatocytes death prc~enls viral 
rep]ication and spread. 

k:rpress'ion o f  viral antigens' and mtcleic acids in the liver 

The expected con]plexity of tile pathomechanism caus- 
ing l iver damage in hepadTlavhu,, intcclion, tile prestuncd 
leading pathogenctic role of  vh+al antigens and the insufl]- 
cient recognhion of  factors, ir l f lucnchlg the pcrpchlafion 
and severity of hepatitis delernline the need for careful 
delhleation of tile C.W)#'C,%,~i()I] Qt' vil+ll,V-tqlt'odt'd I ~t'oltdns.~ us 
The determination of molecular species of viral poly- 
pcptidcs in HC-plaslna illcn/brttne may also [tel f) to eluci- 
date lhc patllway of intraccllular processing of ;hal  pro- 
teins and illechanisins of vir ion asscmhly. 

The CXF, ressi,.m ,::,f viral antigens during hepalitis is the 
me, st exler, si:'ely slur.lied and known m HBV-infcc 

�9 x f ~ 4  t o ~. Hepadmr,,h-al antigens exposed on HCs serve as 
targets and as possihle modulators of immtmopathopenetic 
reactions caushlg liver dallli.t~c. ] [:indin~s indicate (in 
'+voodchucks) that llepadnavirus core and cnvch)pe 
polypeplides are integral constituents of HC n/embrancs in 
the cour,<e of hepatitis. 

The early hypothesis dlat the immune response deter 
mines the muJphulogh:at presentation and course of the 
non-cytoputhic ttBV infection has gained general accept- 
ante. ~ Thcrc is a .general agreement that the HBV is not 

. Cll 'Ct l l l lS t t l l lCC S. cytotoxic under ordinar,r " ' '  Data fllat HBV 
might be directly cylotoxic came l'roln an in vitro study of 
HepO2 cells, in which ,:lCCtlnltllatittn of capsid proteins irl 
i]Ollpioducer clone proved to be cytotoxic. ''<~ It] another 
study, it has been demonstrated thai deregulated cxpress- 
hm of lhc huge envelope protein of HBV can be directly 
Q'rrIoIoXiC h/ transgcnic mice. ~s Oxerexpression of Ihis viral 
protein leads to the forn la l ion  o f  nonsecretory filalnentous 
PlBsAo, e that aCctlnluh, itcs within the encinplasinic 
rcticulunl. At lower i t lhacellular HBsAo conccl'itrations 
however, the HCs appear to be luncl ional ly nornu.ll, is 

It has hcen shown that HBs/kg positive (lallSgenic HC is 
sclectixelv, sensiti\,'c to destruction by, IFNy in \~o.~ '  
Because this cytokine has heen sht)Wl] tO be produced by 
intrahepatic lyinphoc3,tes during viral hepatitis in htunans, 
these results rciise the possibility that a siinilar pathway 
n]ay contribute to the clearance of HBsAg-positive HCs 
and to the pathogenesis of l iver cell injur}, in htt111:_ill HBV 
it]fection as well. > 

Another cxccption to illdirect cytoplasmic cffect of 
HBV occurs with li\,ef trallsplantalion after which 
reinfection of the graft li-Kly hi2 cilaracteriz.ed by the l+apid 
aCCUlnulatioll of larcgr ainouFlis of HBsAg and HBcAg 
without inuch hff ihrafion by lynlphoid cells causing ccllu 
lar dalllS, i.~e. ~1 

Specific antihodic,, :,ire used to visualize the viral pro- 
teins in llBl,ci#!fT, clicm. H17c,4 F is [ocalited n/ainly in tile 
hepatocyte iIUCICUS and (/:]<q,.N7 to +l les,~cr degree ill the 
cylOplasn] and/or hi oh>so associalion with lhc cull mcnl 
biane, hliracclluhu +, nonnlcnlbranous localization of lbc 

t 

HBV core polypeplidc in ml'ectcd cells is not Llll integral 
I l l e l l l  b f ~ l l l e  . ,~s protc~n. The cytoplasmic ltBcA<- is con- 
sidered to represent active replicatiolL Uuder the electron 
nIiCFOSCOpC+ core particles look like non-coated 24-27 uni 
rine-shapcd struclut+cs located in tile kal}oplasnl and 
hctwccn the cisterns of the cndoplasmic rctJctihnn. Enc:.ip 
~uhilion of core particles takes place within ihc 
endopl4snlic n:~ticuhim, forl-ning the complete virus, the 42 
nm size Dane pafticlc. Excess accumuhition of core paf- 
t it les can he obser'~cd in t lid stained seclions, as "sanded" 
tltlcici. ~ Nuclear HBck  U pl+ohahly i+cpresetlts aCCUlnUlatiOl/ 
o[ cnlply nuc'lcocapsids whereas cytoplaslnic HBcAg is 
considered active virus replication since viral I )NA call be 
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i l l  

:A ~ !~ 

Figure  8. t IlhA~, is# chinch" carrier,  h m n t m ~  hiWod~e'mi<trl/ 

dcinoFi~lralcd by in situ hybr id iza t ion in %uch liver cells. ~ 
I l l } sAg  ta i l  bC well dcl l ]o i IMlalcd I'l) inmiunohi~>iochr 
iili<;ti)' in diPlercnl palleri]<4 ;is n]ombranou~ and in l iacv lo-  
plasnl ic I-[BsA<~ (Fi<<4.?) Ctill bc siainod by specif ic iech- 
i'liques (~hikala 's orcoin, aldehyde lucl ls in.  \ " ic lor ia bluc 
oic.) v~'ilh vary in7 densi ly l l l ld extension in lhc cyiopia,Hn. 
t{XCc'S~, cyloplaMIl iC aCCtllllLllalioi1 Of HBs,'\U in the HC 
C:.II] b C  ~,OCII tt,~ ;.t [lOIllt)OOllOUh ".~l(}tlnd-~Iil~,~, '' {I[~pO'<lrtlllt_'t ~ 

nf the cytopl t is i l l  tl"i~. 10). 
[J t ldc l  e lectron microscopy.  ~rot i i /d glass Jlcptttticyte,~ 

~ll()x~ a marked pro l i fe ra t ion of  sn]oolh cl~doplasmic 
rc( icu lunl  ~Ailh lypic', i l  f i lamcn ls  ~vi ihin Ihc ciMoins. Inir-  
aci<>iorixil l l B w \  7 probahly  ropro~cnl,4 ar of  
l i lo '~Liri'tlCO Ct)lllpOIlelll. ',,,,hich C:lil Ilt)l t)L t ~crc lc 'd  by I;llC 
uc l l  a l ld  lCplC~,cn{% Lt CilFOlIIC c l i n / i n a t i o r i  inscl l f iciei~cy 
i t ) i - lh is  aiili.~Cll. Th is  i / l i ly of may nol a~,sociated ~ i i h  
core lormt l t io i l ,  x 

Bianchi  arid Gtidat s pointed ottl. lhc iinporl.s.ulcc~ of  the 
t~,vi+ I'cdcli~JH 01~'.~ Of HI-IV i n l c d i o n  in the 70s alltl ii has 
hccn incorporaled in a leC(~ll[ modi f icat ion.  They t l iMin- 
<._>uishod Ihe dtisHiHdli~,i lvpv (acuic sel f - l imi ted \,"1 l), the 

xe#zcruli~ed HBuA F lype. the .fucal H tA  t)7~v and '(he 
HHMA,-/h.c IIB,~ b'l.,C. 

Bianchi ~tnd Guda/~ gro~.lp the f(mr basic reaL'titm types 
in HBV infcciion in a dynamic model su.~gesting a iltlItll~i] 
cvolulion of CH-B. The infection Mttl[>; \~,ith a highly 
replicafive phase and exlem, i~c cellular expression of viral 
proteins, l l laJi]iy HBcAg.  Wi th in  aboLIl six yotlf'~. ,~IFI illClO- 
{l~il} 7 iiliIIILlilt_' respoi]sc ro~tilis ill oradical ion of  ~omc btil 
not all HBcAg-becuin 7 hep; [ocytes. Tiffs lest.il[s in a re- 
dLIctiOI1 Of HBAg c,'<prcSMllg cells alld JnclCascci Jl/ll,:illl- 
Ill;.tlOly activity. The Iestlh is alchitor dislLirbunccs. 
I ibrosis, and even chTho<4is. I l sua l l y  wi th partial c l im in  
'<ilion of  i0p l icat in  7 cells, the in f lammalory  rcsponso tif[or 
<,omo -I-6 yotir~, decline~ tii ld shifts [owtiid~, non-rot) l icai ivo 
pl/axcx alld ] l is lo log ica l l }  i l / i l l i i l /a l  hepatitis or CPH. 

The Ihrcc chronic reaction pallcrrl~, suggested by Bi 
anchi and (]tlt.]~_il, x howcvel-, LIFO nol sharply dr162 
eni i l ies bul characler iMic [ypc~ lhat Illcr'-~r into oath o{her. 
TrunMi iun~ may t)CCtll in Lilly dir0c[ ion. App l ica t ion  tllld 
w i ihdrawal  o l  ) in inul~osupprc,~i \e and al i t iv i ral  therap), 
could result in ninltill.ancoLis [ransil i t)n bolh o f  h is lo logical  
Ih~dings and viral itxt)ir pallOln. {Tlldor COlla)n r 
cunlMancc~>, howcvor,  lhc viral expression mi~l~l be dilTcr- 
eill. Uchida el al ib publ ished [hal co l la in  ccl~o~; o f  ~;o-r 
type 1" ;.It:tile tilKt chrouic hclxtt i t i~ is c~.ltl~;c-t.I by ~.l t tBV  
\ t l r ia l l [  wilt~ l i l t l l t i i ion~ in tl ic X Ol~Oii rotidhl 7 Ir&iilic. Thi~ 
I"~i lcl l l"  H B V  IllLl[:tl l{ does 11ol iiKILlc.'c il l l l l]UllO~,ClO]o~ic~.ll 

l l larkol~;.  HotKc~VOl, w e a k  poshivc h / l l l l L i noMa i i l h l~  lk)r 

t iBs, ' \  7 a lx l  l l t l dCt l f  } l g c r \  g "~,'tlb; ob~,ervcd. 

'The mechanisms> in \ ( f lvcd in I IBV  ISCx'vi,wc/#cc Lifo pc)or 
iy LllldOl'Mood, al thouTh f l ley probably combine ~iral til ld 
host laclt)rs. ~ul iX role o f  defect ive parl iclc~ in viral pcr- 
sisl.ence has bCCll stt77ested lor  sovC.'l-Lil ~<irtlseS. The tiir 
til l iSnl invoh' r  in ihis inodLilatit} i l  ln ight  impl icate mod i i i  
cation o f  viral prol;eins, \ i r - l l  v i ru lence or alteration of  the 
hosi in lmt l l lo  respOllSe by i l lOdtl lal i i /7 ly inl~hocyie I'tinc- 
liuris. 'H The CXl~io~iol-i o f  defoci ive t t B V  ( d l t B V )  D N A  
alone leads to :i Imukcd intrctccllul4r accut~ult l t ion o( [he 
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major core protein (HBcAg) and to an increased secretion 
of HBsAg. Spliced HBV RNA leads to the synthesis of 
proteins that might potentially modulate the viral repli- 
cation or cytopathic effects. This data might be significant, 
because as it has been mentioned earlier, the accumulation 
of capsid proteins in the HepG2 cells may be directly 
cytotoxic( ~J and the increased secretion of HBcAg may 
favor imnmnotolerancc to HBV particles. 

Accumulation of the HBV RNA molecule coding for the 
X protein in dt tBV DNA was found in transfected cells. 
This might be significant, because X protein has been 
shown to transactivate a variety of viral and ce lMar  genes, 
including human lymphocyte antigens and adhesion mob 
ecule encoding genes . :  

It is well known after the discovery of the A agent by 
Rizetto el al s'~ that the hepatitis O vireos (HDV) co-exists 
with and depends on replicating HBV infection] ~ hnmu- 
nohistochemically, HDAg is found mainly in hepatocyte 
nuclei, with different patterns. 53w:'~ Excess HDAg may 
causes "sanded" nuclei in t iE stains similar to HBV infec- 
tion. The pioneering work of the Turin group ~9 has shown 
mostly separate expression of HDAg versus HBsAg or 
HBcAg (if present at all) but co-expression in the same 
cell does occur with HBsAg and, rarely, with HBcAg 
(Fig. I 1 ). 

l i ,  

Figure 11. Possibilities for HDAg ext;ressio~z i/t hepatitis D. 

The pathogenesis of hepatitis D is still unclear despite 
considerable progress in the understanding of the molecu- 
lar biology of the virus. In certain circumstances, HDV 
infection causes a mild disease, while, in others, it induces 
aggravated and accelerated disease leading to cirrhosis 
more frequentl} imd in a shorter time, especially in drug 
addicts or in hyperendemic regions. -'~ In olher areas a 
carrier state with low grade HDV replication and lack of  
tissue damage has been found:  ~ 

HDV is cytotoxic, in contrast to HBV, producing direct 
cellular damage in addition to immunologically mediated 
cellular cytotoxicity, ee 

g~ 

4r 

Figure 12. HCV-m~tiwn (NS4) in chronic hepatitis detected by 
immuttogold method. 

HDV rather selectively suppresses t lBcAg and l tBeAg 
and not HBsAg or pre-S, although it supposedly: depends 
on minimal HBV multiplication and release] ~ This may 
lead to HBV expression patterns in liver and blood which 
deviate from those of uncomplicated chronic hepatitis B. s 

The identification of the genetic organization of hepatitis 
C virus ~-~ provided the basis lot further studies in this 
l]eld.~,3o.32.~.4s,4~,52.5861:~s.75.sl.sT, ~5.1~)~,m7 Several groups have 

demonstrated hepatitis C virus (HCV) antigens and HCV 
genome in the liver, but the techniques and reagents are not 
currently suitable for routine use. m.29,~ :8.55,59.e,~,7(,,s~.92.,)~.t~4. J~)5 

Immunohis tochemica l  local iza t ion  of the HCV 
nonstructural Ag (NS4) was detected in frozen and fo> 
malin-fixed human biopsy samples within the cytoplasm 
of HC (Fig. 12), but not in the mononuclear cell infiltrates, 
bile duct cpithelium or endothelial cellsd A high p ropof  
tion of HC were positive (60-90%), but the staining inten- 
sity was variable. '~ 

In another s tudu  'e positive staining for HCV-Ag appe- 
ared to correlate well with the presence but not the degree 
of HCV replication as measured by HCV RNA. 

Haruna et alU~ used liver and hepalocellular carcinoma 
tissue obtained from partial hepatectomy specimens or 
from livers removed at lransplantation of chronic HCV 
infected patients. Monoclonal antibodies directed against 
the core, envelope, NS3 and NS5 antigens of HCV were 
used on frozen samples and granular or homogenous 
cytoplasmic immunoslaining was observed. Hiramatsu et 
al 4~ detected strong positive cytoplasmic immunostaining 
for core, envelope and NS3 antigens of HCV at different 
levels. Komminoth et al ~' used a commercially available 
antibody against NS proteins (C-100) (TORDJI-22, Clo- 
natec, Paris) and found positivity both in HCV infected 
and nonqnfectcd liver tissue. Krawczynski et al 5; detected 
HCV non-structural Ass (NS3/4, NS3, NS4, NS4/5) and 
structural antigens (core, envelope) in chimpanzee and 
human livers infected wilh I][CV by inmmnofluorescence. 
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HCV Ag had a fine granular or powder-like fluorescence 
pattern with larger, superimposed granules. Hepatocytc 
nuclei were always negative for HCV Ag. HCV Ag was 
never found in non-parenchymal cells in bile duct 
epi thel ium.  Sansonno and Dammacco  'a observed 
NS3/NS4 products in the cytoplasm of HCs in HCV infec- 
tion. No membranous accumulation was seen. 

lmmunostaining with anti-E~ and -E, antibodies was 
observed in cells transfected with HCV. The pattern of 
fluorescence is consistent with a location within the 
cndoplasmic reticulum. C-100 protein (NS4) was demml- 
Stlatcd in the cndoplasmic reticulum.~~ 

The identification and immunostaining of proteins 
encoded by the HCV genome suggest that most of them 
reside in the endoplasmic reticulum and only NS3 and 
NS5a may be soluble, m' The observed cytoplasmic loca- 
tion of core and to some extent NS5, proteins might serve 
to identify, the sites of viral assembly. 

HCV-NS5 Ag was detected in fine granular distribution 
in the cytoplasm of HC, but not in the nucleus or cell 
membrane. By IEM, the Ag was observed along the 
cndoplasmic reticulum but not in other organelles. '~4 The 
NS5 was detected in 52% of CAH-C, in 33% of CPH and 
86% of cirrhosis cases. The different expression patterns 
which are so well documented in HBV and HDV infection 
are not so well described in HCV infection. It has been 
shown that HCV core protein followed by NS4 are the 
most potent T cell immunogens for both CH-C patients 
and asymptomatic anti-HCV-positive suhjects. Others 
found the NS4 to be the most immunogenic HCV antigen 
in CH-C. 1' 

It has been suggested that liver injury in CH-C is corre- 
lated with the persistence of detectable HCV-RNA in 
serum. "s However, the presence of HCV RNA in 
asymptomatic individuals indicates that some immunolog- 
ical mechanisms may be also be pathogenetically relevant. 
The lowest levels of HCV viraemia was found associated 
with minimal liver disease. 37 

Host immune response to hepatotropic viruses 

It is assumed that liver injury in VH is mainly a conse- 
quence of host cytotoxie immune responses directed to the 
virus-encoded products rather than the result of a direct 
cytopathic effect. 

The predominance of activated T cells in inflammatory 
periporlal infiltrations (Fig 13) and the strong expression 
of HLA class I and class 11 molecules on HCs and T cells 
in CH suggest that the hepatic injury is mediated by viral 
Ag-specific immune reactions, s CD8 + cytotoxic T cells 
simultaneously recognize botb HBV-related antigens and 
HLA class I Ags expressed on the HC membrane and then 
attack and destroy the infected HCs. Besides Ag-spccific 
HLA-class restricted cellular cytotoxicity, natural killer 
cells, @mphokine-aclivated killer cell activity may play an 

additional role in the pathogenesis of CH. j~2 Cytokine.s 
released by activated T cells may be crucial for the devel- 
opment of CH. '~ So far, an increase of  IFNy secretion has 
been found after stimulation of peripheral blood 
mononuclcar cells with recombinant HBV nucleocapsid 
antigen in CH-B. Others showed that T cell lines in CH-B 
and CH-C secrete large amounts of TNF-0~, IFN7 and IL- 
2 after mitogen stimulation. ~'' These cytokines have a wide 
effectory system, including direct cytotoxicity, maturation 
of precursor cells, induction of  expression of HLA-mob 
ccules, activation of bystander cells and increased suscep- 
tibility for NK ceils. ('5 More recently it has been reported 
that local production of IFN7 maintains, a liver-specific 
inflammatory disease in transgenic mice models. ~ j~ 

It has been suggested by Desmet 2(' that the central core 
of the portal inflammation in CH-B represents a B-cell 
zone and the peripheral invading front of the piecemeal 
necrosis corresponds to a T-cell zone, as in lymph nodes. 
The same has been found by Bianchi and Gudat. 's Indeed, 
lyn~l)hoidfollicle formation is seen quite often at the center 
of the portal and periportal infiltrate with piecemeal 
necrosis, especially in CH-C infection. TM By in situ im- 
munophenotyping, it has been shown that lymphoid folli- 
cles with activated B cells in germinal centers are sur- 
rounded by a follicular dendritic cell network. A T-cell 
zone comprising CD4-positive helper T cells, CDS-posi- 
live suppressor/cytotoxic T cells was seen at the periphery 
of the nodules (/~'iA'. 13). 74 

It has been found that the intrahepatic lymphoid folli- 
cles are mainly primary, without germinal centers and 
contain a very low number of follicular dendritic cells. ~ 
This raises the possibil i ty that intrahepatic lymphoid 
aggregates represent a site of  replication of the virus, 
based on the observation that HCV virus can infect 
mononuclear cells in the peripheral blood. Ando et al r 
points out the fact that the CTLs have direct and immedi- 
ate access to the target ttCs. which they have the poten- 

Figure 13. CD8 ly~lphocytes i,z the portal a~zd periportal iHfil- 
tratiotl. Immunohistochemistry. 
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tial to kill, because of  the unique microanatomy o f  the 
sinusoids. These  contain u discont inuous endothel ium 

and lack a basement  membrane,  T- lymphocyte  response 
to viruses may have two opposing affects. On one hand, 

they may be critical for protection either directly through 

CD8 + T-kil ler  cells  or indirectly through CD4+T cells, 
which help B lymphoeytes  to produce neutral izing anti- 
bodies. On the other hand, T cells  may be harmful,  main- 
ly through CD8 + T cells, which damage  infected tissues 

in an at tempt to clear the virus. ~ 
The correlation between t tLA molecules and flBV- 

infection has been studied extensively. Using a model in 

which HBsAg-spec i f ic  CTL caused an acute nccroinflam- 
tot tery liver disease in HBsAg transgenic nrice, it has 

been demons t ra t ed  that class l - res t r ic ted  disease 

pathogen.esis is an orderly, mttlti,vlet~ i )rocess ,  that involves 
direct, as well as indirect consequences  of  CTL activation. 

The most destrnctive pathogenic function of  the CTL. 

however,  is to secrete IFN 7 when they encounter  antigen 
in r i v e ,  thereby activating the intrahepatic macrophages 

and inducing a delayed-type hypersensit ivity response that 
destroys the liver and kills the mottse. ~ This model or 

hypothesis solves the problem that apoptosis itself is 
usttally not a proinflammatory event. The second and third 

steps suggested are responsible for the inflamtnatory 

reactions and can be considered as independent indirect 
functions of  the CTL that are niediated by IFNy aud other 
currently unidentified cytokines. This triodcl corresponds 

well with the hypothesis of  the relationship between cell- 

mediated immune attack, hepatocytc death and fibrosis in 
CAH,  suggested by Kerr et al in 1979. > 

HBV infection increases the disphty el + HLA class 1 
heavy-chain and 132-microglobulin antigens on HCs and it 

correlates well with histological activity; ~2 microglo-  

bulin expression was more intense in areas of piecemeal 
and lobular necrosis in close association with inflamma- 

tory T-cell infiltrates. In another study on a hepatoblas 
toma cell lines, it was found that HBV replication inhibits 

expression of  HLA class I on infected hepatocytes. This 
et'tiect of HBV replication on the host cell may be a means 

by which HBV evades imniune surveillance to maintain 

chronic inlection. 
Less data ark awtilable on CH-C and HLA expression. It 

has been shown that hepatocelhilar  HLA-A,  B, C express- 
ion before IFN treatment is significantly higher in FICV 

patients who will not respond to 1FN treatment than in 

responders. It had been suggested that the highet hepato- 
cellular expression of  class [ MHC molecules in nonres- 
ponder cases may reflect a different viral effect on HCs, 

which is induced by different HCV genotypcs or levels of  
v i raemia?  HCV-specific,  HLA class l-restricted CTL 

response was demonstrated in liver-infiltrating lynapho- 

cytes fi'om persons with CH-C. -~ 
It has been suggested that v i m /  v equence  r a r m t i -  

OllStd.20.~n.40.52.t,S,75.s2115 lead to escape fronl ce]luli.lr inqmnne 

recognition, and contributes to the development  of  persist- 
ent HCV-infection. 

Coexpression of  t tLA and adhesion molecules such as 

i n t r a e e l h d a r  a d h e s i o n - I  m o l e c u l e s  ( I C A M - 1 ) ,  is necessary 

to obtain HC and T cell contacts. Normally ICAM-1 l n o f  
ecules are detected in sinusoidal cells and vascular 

endothel ium and HCs+ however,  bile duct cells are nega- 
t ive2 lit di~,em, ed liver, an increased intensity of  intnmnos- 

taining of t lLA-A,  13, C and I C A M - I  molecules was 

observed at the HC membranes.  > Double innnunolquofes- 
cence has shown that HCs containing HCV antigens were 
also positive fin + both ICAM-  1 and HLA-A,  B, C. 5 

Viral p e r s i s l e n c e  is associated with the development  of  

naechanisms for avoiding viral recognition by* host 
cytotoxic T cells. Down-regulat ion of  HLA-A,  B, C and 

ICAM-t  molecules  is a wel l -documented e s c a p e  m e c t n m  

ism of hepatic and nonhepatic viruses. 5 

In stnlnalary, the pathogenetic mechanisms responsible 

for the j 'h ta /o t t tcome of hepatotropic viral infcctiou is still 

under study and discussion. Several factors, such as viral 
factors (genotype, mutationl  ,At'us host cell interaction, 

expression of  viral proteins, virus - host immune response 
to antigen recognition, several cytokines etc. play an im- 

portant role in the pathogenesis and finally lead to the well 
known histological alterations of  viral hepatitis. 
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