Hepatitis virus, chronic hepatitis, liver
cirrhosis and hepatocellular carcinoma

The epidemiology and pathogenesis of viral hepatitis, liver cirrhosis and
hepatocellular carcinoma (HCC) are summarized and reviewed.
Persistent infection of hepatitis B virus (HBV) and hepatitis C virus
(HCV) 1s closely related to the occurrence of liver cirrhosis and HCC.
Non-alcoholic steatohepatitis (NASH) or metabolic dysfunction-
associated steatohepatitis (MASH) 1s also important for the pathogenesis
of non-viral liver cirrhosis and subsequent HCC. Pathology of the
infection of hepatitis virus, chronic hepatitis, liver cirrhosis and HCC
will be presented below.

Ref.: Llovet JM, et al. Hepatocellular carcinoma. Nat Rev Dis Primers

2021; 7: 6. do1: 10.1038/s41572-020-00240-3



Non-alcoholic steatohepatitis (NASH)

1) NASH is seen in obesity patients without alcohol history.

2) NASH microscopically resembled alcoholic hepatitis. Microscopically, NASH shows
prominent fatty change with milder inflammation. The lesion is accentuated in
the centrilobular zone (zone 3), and fibrosis is seen in the portal zone (zone 1).

3) NASH is now re-called as “metabolic dysfunction—associated steatohepatitis”
(MASH). Risk factors include obesity and type 2 diabetes mellitus.

4) NASH may be provoked by taking steroid or Tamoxifen (anti—estrogen medicine).

5) NASH is a chronic progressive disease, resulting in liver fibrosis and steatotic
liver cirrhosis.

6) Excessive supply of free fatty acids activates drug-metabolizing enzymes (P450) in
the centrilobular zone of the liver to yield activated peroxidative reactions.
Kupffer cells secrete inflammatory cytokines such as TNF-alpha.



Non—alcoholic steatoheeatitis (NASH)

Obesity and hyperlipidemia provoke
oxidative stresses.

The oxidative stress involves the
hepatocytes.

Lipid peroxides accumulate in
mitochondria, and the mitochondria
are enlarged as giant mitochondria.

Crystalloid inclusions are deposited in the
giant mitochondria.

In the near future, the incidence of
hepatitis caused by HBV and HCV
will decrease, and NASH should thus
be the main cause of liver cirrhosis.

Prognosis of NASH
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Alcoholic hepatitis with alcoholic hyaline bodies (Mallory bodies)
and neutrophilic infiltration, H&E
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Non-alcoholic steatohepatitis (NASH), H&E



* Alcoholic changes (from fatty liver to liver cirrhosis)

" Obesity-related non-alcoholic steatohepatitis (NASH)
progresses to steatotic liver cirrhosis.




Hepatitis virus
————————————————————————————————————————————

1. Hepatitis A virus ingestion of raw oyster

2. Hepatitis B virus transfusion, sexual intercourse and
mother—to—child infection

3. Hepatitis C virus transfusion, vaccination, tatooing and
drug addiction

HBV and HCV infection can cause chronic hepatitis and HCC.



Acute hepatitis and chronic hepatitis

@ Acute hepatitis (most cases subside to cure)
Hepatitis A virus (not causing chronic hepatitis)

Hepatitis B virus (horizontal transmission through transfusion and sexual
intercourse)

Hepatitis C virus (rarely causing acute hepatitis)
@ Chronic hepatitis (not cured to persist)
Hepatitis B virus (vertical, mother to child transmission)
(Hepatitis B virus genomic type A, often persisting as chronic hepatitis)

Hepatitis C virus (commonly persisting as chronic hepatitis)



Healthy carriers of hepatitis virus
e ———————————————————————————————————————————————————————————————————————————————

@ Normal liver function (as an immune tolerance state)

*Hepatitis A virus never shows the healthy carrier state.

*Hepatitis B virus under vertical transmission often

accompanies the h‘ealthy carrier state )
(characterized by “ground—glass hepatocytes )

*Hepatitis C virus may show the healthy carrier state.

@ Healthy carriers may cause vertical viral transmission.

T

H

ne transmission may occur by transfusion or organ
transplantation.

epatitis B virus may transmit through sexual intercourse.
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HBV-infected ground-glass hepatocytes (left) and HBc-antigen-
positive intranuclear inclusions (the sanded nuclei) (right), H&E
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Demonstration of HBs antigen (conventional Orcein stain,
immunostaining for HBs antigen and in situ hybridization for HBs
genome. The upper panels demonstrate the ground-glass hepatocytes.
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HBV-positive chronic active hepatitis showing a replicative carrier
state (left: H&E, center: HBs antigen with a membranous pattern,

right; HBc antigen, inset: HBe antigen)




HBs antigen

HepatitisB virus genome organisation

4 Zrim

Core particle

HBV DNA

Envelope (lipid membrane)

Scheme of HBV particle

(HBc antigen can not be detected in the serum)
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Changes of hepatitis markers in acute hepatitis B virus infection
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Vaccines for hepatitis virus

@ Vaccines induce neutralizing antibodies
Hepatitis A virus (inducing neutralizing HAV antibodies)
Hepatitis B virus (inducing neutralizing HBs antibodies)
Hepatitis C virus (no vaccine available at present)
Yellow fever virus (vaccination may be requested at immigration)

@ HBV antibodies (HBs antibody, HBc antibody and HBe antibody)

~ Only HBs antibodies belong to neutralizing antibodies.~

@ HGCV antibodies=the marker of HCV infection

(no neutralizing antibodies induced)



Fulminant hepatitis

—————————————————————————————————————————————————————————
@ A type of acute viral hepatitis with a poor prognosis

Hepatitis A virus (infrequent)

Hepatitis B virus (hepatocellular injury through immune
reactions against the virus)

Hepatitis C virus (very rare)

Yellow fever virus (in tropical areas, mediated by mosquitos)
@ Non-—viral fulminant hepatic injury

Drug—induced (anesthetics=Halothane, acetoaminophen, etc)

Mushroom intoxication (Amanita phalloides, Amanita virosa)

Toxins (carbon tetrachloride, yellow phosphorus, etc)
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Fulminant hepatitis (non-A, non-B, non-C, non-autoimmune):

total loss of hepatocytes with the growth of pseudobile duct cells
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Halothane hepatitis (fulminant type, left: macro, right: H&E)
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Chronic active hepatitis (HCV infected: fibrosis and piecemeal necrosis



Clinical states of HBV infection classified by viral markers

HBs antigen HBs antibody HBe antigen HBe antibody HBV-DNA Clinical state

History of
(-) (+) (-) (-) -) infection/healed
state

HBe antibody-
(+) -) (-) (+) (-) positive healthy
carrier

HBe antigen-

positive
(+) -) (+) ) (+) asymptomatic
carrier
Chronic type B
) ® +) ) (+) —

Major seroconversion =HBs antigen-positive—HBs antibody-positive
Minor seroconversion =HBe antigen-positive—HBe antibody-positive (HBs antigen persisted)
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Colateral venous pathways associated
with portal hypertension secondary to
liver cirrhosis

1) Esophageal veins with esophageal varices
~ Rupture of esophageal varices may be lethal ~
2) Hemorrhoidal veins of the anus with hemorrhoids
~ Hemorrhoids are often associated with liver cirrhosis~
3) Periumbilical abdominal veins with caput Medusae
~ Caput medusae (engorged superficial epigastric
veins) shows apparent similarity to Medusa's head,
having venomous snakes in place of hair in Greek mythology ~



Two types of liver cancer
————————————————————————————————————————————————————————————

1. Hepatocellular carcinoma (90%): caused by hepatitis virus

2. Cholangiocellular carcinoma (10%): etiology unknown

Opistorchis viverrini infestation in Thailand

Occupational exposure to dichloromethane
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The occurrence of hepatocellular carcinoma
e ——————————————————————————————————————————————————————————————————————————————————

Viral hepatitis — Liver cirrhosis = HCC

HCC in younger generation (<49 years): mainly HBV infection

HCC in older generation (>50 years): mainly HCV infection

HCC in near future: mainly caused by obesity

~Non—alcoholic steatohepatitis (NASH)~



Liver cirrhosis with hepatocellular carcinoma (HCC)
(green color indicates bile production by cancer cells)




Liver cirrhosis with hepatocellular carcinoma (portal vein invasion+)
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Cirrhotic liver is compressed by the HCC cells (H&E).




Cause of death of patients with HCC

————————————————————————————————————————
1. Hepatic failure with hepatic coma due to exacerbation of
liver cirrhosis

2. Rupture of esophageal varices due to portal
hypertension caused by liver cirrhosis

3. Advanced HCC (with systemic hematogenous metastasis
or extensive involvement of the liver tissue or venous
invasion into the portal vein or hepatic vein)

The percentage of #3 (advanced cancer) is increasing.



Cancer stages and the prognosis (b—year survival rate) (0Osaka, 2007)
e

Site Localized Locally—invasive Metastatic Total
Total cancer 88.7% 94.9% 15.4% 60.7%
Prostate 99.7% 96.0% 49.0% 96.5%
Breast 98.2% 81.2% 39.6% 91.0%
Uterus 94.5% 68.1% 25.9% 77.5%
Stomach 94.6% 91.1% 9.9% 62.6%
Lung 719.0% 26.7% 4.9% 29.5%

Liver 46.2% 15.4% 4.2% 33.6%



The cause of liver cirrhosis

(n=11,187) The Japan Society of Hepatology, 1991 ~1996

alcoholic HBV 12.0 %

13.0 %

HBV+HCV 1.2%

non—B,
non—-C
4.3 %

HCV 635.0 %



Total HCV

Carcinogenesis Of cirrhosis cirrhosis

. . . 3 years 9.2% 10.4%
liver cirrhosis 5 years 19.4% 21.5%

10 years 44.3% 93.2%

(n =795) Toranomon Hospital, Tokyo 15 years 58.2% 75.2%
90% 11.8 years 9.0 years

carcinogenesis

100.0%
9.0 years I
. = HCV cirrhosis
50.0% r Total cirrhosis
11.8 years I
0.0%

3 years S years 10 years 15 years



Positivity rates of HBs antigen and HCV antibody
in patients with hepatocellular carcinoma

Liver cancer and severe cirrhosis treatment research promotion project, Osaka, 1992-1997

Male (n=1,524) Female (n=478)
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The Japan Society of Hepatology,
Liver Cancer White Paper, Chapter 2



Carrier rates of hepatitis virus are decreasing in Japan
—————————————————————————————

Carrier rate of HBs antigen 1.5% (1.50 million persons)
< 30 years 1.0%
< 18 years 0.05%
Western countries 0.1%

Asia/African countries 10~20%

Carrier rate of HCV antibody 1.4% (1.44 million persons)
> 55 years 3.0%

41-54 years 1.6%
< 40 years 0.4%



Transmission of HGV in Japan

1. Vaccinations in childhood caused transmission of HGCV in
the Japanese people of middle age and the elderly.

2. At present, the risk of HCV transmission by transfusion is
nearly zero in Japan.

3. Low risk of HCV transmission: mother—to—child, sexual and
peroral transmissions

4. High risk of transmission: drug abuse, tatoo and hemodialysis



Age—adjusted death rates of liver cancer: comparisons at the regional
(prefectural) level per 100,000 persons, 1995
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HCYV carrier rates are high in western areas of Japan.

The Japan Society of Hepatology, Liver Cancer White Paper, Chapter 2



Reuse of Vaccination needles caused HCV transmission in certain areas in Japan.
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ClE NS NS | NS NS NS (U)
2 3 4 5
First PCR with
; . : : : | 272bp universal primers
; | ; ! i ;144bp (1b) Second PCR with
i — ] il74bp (2a) type-specific primers
' /1 ' ' 123bp (2Db)

139 148 270 291 321 410

Mlbz2azbN 1 2 3 4 56 7 8 91011

500 bp -

100 bp =+

Typing HCV by PCR with type-specific primers

Lanel:
Lane2:
Lane3:
Lane4:
Lane5:
Laneé6:
Lane7:
Lane8:
Lane9:

1940 (LC)
1942 (LC)
1942 (LC)
1964 (LC)
1964 (LC)
1970 (LC+HCC)
1970 (LC)
1987 (LC)
1988 (LC)

Lanel0: 1989 (LC+HCC)
Lanel1: 1996 (LC)




Formalin-fixed liver cirrhosis samples autopsied
in Kyushu University, Fukuoka, in 1907~1930

marker

1: 19094
2: 19124
3: 19164
4: 19154
5: 19144
6: 19124
7: 19074
8: 19304
9: 19144
10: 19144
11: 19144

200bp
100bp

2a (174bp) -

1b (144bp) —
2b (123bp) —
3a (88bp) —

Type 1b HCV (144 bp) was detected in case 1 (in 1909) and case 5 (in 1914).
1 23 45 6 78 9 1011

HCYV had
invaded Japan

as early as in
1909!

Ref.: Tsutsumi Y, et al. Detection of hepatitis
virus B and C in archival autopsy specimens
of liver cirrhosis. J Sci Tech Res 2019. doit:
10.26717/BJSTR.2019.22.003757
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