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FIG. 12. (Male, 45 years old, cirrhosis, emphysema, ZZ.) Red, intracellular globuli in diastase treated,
MacManus-stained section.
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FIG. 13. (Male, 49 years old, cirrhosis and cancer hepatis, ZZ.) Hepatocellular cancer without globuli
and compressed liver cells with globuli (MacManus after diastase).
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1. Infectious factor
2. Genetic factor
3. Metabolic or nutritional factor
4. Toxic factor

FIG. 14. Possible additional factors in pathogenesis of
liver disease in Pi-type ZZ individuals.

have got this after birth and not through the placenta.
From our findings of the low birth weight in the
alpha-l-antitrypsin deficient liver patients, there
seems to be little doubt that they have had an intra-
uterine liver disease.

(2) The clinical picture of a severe cholestasis soon
after birth has thus far not been found in any infant
who has contracted Australia antigen from the
mother. In these infants the clinical symptoms are
very vague-or completely lacking-and start 1-2
months after birth.

(3) If the Australia antigen or serum hepatitis virus
were an additional factor, we should also expect an
increased frequency of serum hepatitis in adult ZZ
patients, and this has not been reported so far.

There is no apparent reason for suspecting other
infectious agents during intrauterine life. All the
mothers have been well during pregnancy without
periods of fever and the finding of infectious agents
such as rubella virus, toxoplasma gondii, cytomegalo-
virus and others, has never been reported.

Genetic factors other than the alpha-l-antitrypsin
deficiency have to be considered. Our own studies
(Aagenaes et al., 1972) as well as others (Berg and
Eriksson, 1972) have indicated that there is no
genetic difference as to the alpha-l-antitrypsin
deficiency in the patients with childhood liver disease
and in the patients with emphysema. The possibility
that the children with the liver disease could have a
double gene defect, with the liver disease then in-
herited by a linked genetic abnormality, must be
considered. Based on our present knowledge where
liver disease is found both in newborn children and
older adult patients with Pi-type ZZ, this possibility
does not seem very likely.
The third possibility, of a metabolic or nutritional

factor, must therefore be considered.
Figure 3 shows us the relative frequency of liver

disease in ZZ-individuals in the different age periods.
As liver function studies or enzyme studies have

not been performed routinely in a large group of
individuals with Pi-type ZZ, the finding of a slight
increase in the liver enzymes in some ZZ individuals
might just be intercurrent and unspecific.
The finding of a pronounced cirrhosis and also a

relatively high frequency of hepatomas in older
adult patients with a long duration of emphysema,
must in one way or another be related to the alpha-1-
antitrypsin deficiency. The emphysema per se can

give slight central fibrosis but no real cirrhosis. We
therefore feel that we have to look for a common
factor in the foetal period and in the period of severe
emphysema. One factor might be a lower than normal
Po2, but many other factors might also be responsible.
In some way or another, we might suggest that either
the presence of the abnormal alpha-1-antitrypsin in
the liver cell or the low value of alpha-1-antitrypsin
in the serum with an additional factor in foetal life
or in a severe emphysematic condition will cause a
metabolic or nutritional damage to the liver cell
followed by the development of cirrhosis.
As to the last point on the figure, we have no

evidence of any toxic factor that might be the
additional factor.

In conclusion then, the accumulation of alpha-l-
antitrypsin or a slightly abnormal alpha-l-anti-
trypsin in the liver cells of ZZ individuals is there-
fore most probably due to the synthesis of a struc-
turally different protein because of a mutation at
the locus for the alpha-1-antitrypsin structural genes.
The liver cells are unable to secrete this abnormal
protein. This is in accordance with a recent report
(Gordon et al., 1972) that even subjects homozygote
for another variant, Pi S, show a similar accumula-
tion. With an additional metabolic or nutritional
factor, the liver becomes damaged and the cirrhosis
develops.
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Discussion

In answer to questions by Professor Emery,
Professor Aageneas stated that it had not been
possible to examine the placentas of any of these
infants for histological abnormality.

Professor Alagille from Paris commented that he
had studied twenty-five patients with liver disease
and alpha-l-antitrypsin deficiency. Three of these
were heterozygous MZ, one of whom had severe
portal hypertension at the age of 3 years. One patient
has a Pi SZ phenotype, one patient with Pi ZZ pheno-
type had clinical and histological features of intra-
hepatic bile duct hypoplasia. In none of the twenty-
five patients was hepatitis B antigen found. Professor
Aagenaes had alsohad one patient with Pi-MZ pheno-

type with liver disease having a Banti syndrome with
portal hypertension but because the MZ phenotype
is so relatively common, he did not consider that it
was necessarily related to the MZ state.
Dr Tavill of London commented that to his know-

ledge this was the first example of a disease where
the failure of secretion of a protein could be involved
and asked whether the alpha-1-antitrypsin within the
liver cells was, in fact, normal. Professor Aagenaes
commented that although there were some studies
which suggested there was some abnormal carbo-
hydrate in the glyco-protein, this had not been con-
firmed.
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