
Gut, 1975, 16, 796-799

The ultrastructure ofhepatocytes in
alpha-1-antitrypsin deficiency with the genotype Pi.
G. FELDMANN1, J.-P. MARTIN, R. SESBOUE, C. ROPARTZ, R. PERELMAN,
M. NATHANSON, P. SERINGE, AND J.-P. BENHAMOU

From Unite de Recherches de Physiopathologie Hepatique (INSERM), Hopital Beaujon, Clichy, France,
Centre Regional de Transfusion Sanguine and Groupe de Recherches sur la Gene'tique des Protefines Humaines
(INSERM), Bois-Guillaume, France, and Hdpital Necker, Paris, France

SUMMARY The ultrastructural appearance of the endoplasmic reticulum of the hepatocytes was
found to be normal in a 5-year-old girl with alpha-1-antitrypsin deficiency with the genotype Pi -.

The liver ultrastructure of this variant is therefore different from that of alpha-1-antitrypsin deficiency
with the genotype PiZZ in which aggregates of an abnormal, unsecreted alpha-1-antitrypsin
accumulate in the endoplasmic reticulum of the hepatocytes. The normal appearance of the endo-
plasmic reticulum in alpha-1-antitrypsin deficiency with the genotype PiL_ is compatible with the
hypothesis that, in this variant, synthesis of alpha-1-antitrypsin is completely, or nearly completely,
absent; an alternative hypothesis would be that an abnormal alpha-1-antitrypsin is produced by
the liver and secreted into the plasma, but disappears rapidly from the plasma.

Alpha-1-antitrypsin (AAT) is a sialo-protein
(Schultze, Heide, and Haupt, 1962) synthesized by
the hepatocytes and secreted into plasma (Schultze
and Heremans, 1966). The common variant ofAAT
deficiency corresponds to the homozygous genotype
PiZZ and is characterized by a low serum AAT
concentration (Feldmann, Bignon, and Chahinian,
1974); the mechanism for this low serum concen-
tration is not a decrease in synthesis of the normal
protein but the production of an asialo-AAT
(Ericksson and Larsson, 1975) which is not normally
secreted into the plasma and accumulates in the
endoplasmic reticulum of the hepatocytes (Feld-
mann, Bignon, Chahinian, Degott, and Benhamou,
1974); the lumina of this organelle are markedly
dilated and contain aggregates of the unsecreted
protein (fig 1).
Another variant of AAT deficiency, very uncom-

mon since only one patient with this disorder has
been hitherto reported, has been described by
Talamo, Langley, Reed, and Makino (1973); this
variant is characterized by a null serum AAT con-
centration and corresponds to the homozygous
genotype PiL, ie, a double dose of a silent allele;
the mechanism for this null serum concentration
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would be not the production of an abnormal
protein but the absence of synthesis of normal AAT
(Talamo et al, 1973). If this hypothesis is correct, it
can be predicted that the AAT aggregates in the
endoplasmic reticulum lumina, which are charac-
teristic of AAT deficiency with the genotype PiZZ,
should be absent in AAT deficiency with the geno-
type PL--. The aim of this paper is to present the
results of an ultrastructural study of the hepatocytes
in a patient with AAT deficiency with the genotype
Pi - which support the preceding prediction. The
patient reported was also suffering from another
hereditary disorder, mannosidosis.

Patient and Methods

The patient, a 5-year-old girl, was the only daughter
of Portuguese parents who were first cousins.
Mannosidosis was suspected because of a coarse
face, mental retardation and vacuolized blood
lymphocytes; the diagnosis was confirmed by a
marked decrease in leucocyte and liver tissue
alpha-mannosidase; the detailed clinical and bio-
chemical findings in this patient have been published
elsewhere (Perelman, Nathanson, Lepastier,
Lesavre, Plainfosse, Chirazi, and Seringe, 1975).
Deficiency of AAT was suspected because of a
marked decrease in alpha-l-globulins on serum
protein electrophoresis; the lungs were clinically and
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The ultrastructure of hepatocytes in alpha-1-antitrypsin deficiency with the genotype Pi--

Fig 1 Electron microscope appearance ofapart ofa hepatocyte inapatient with alpha-l-antitrypsin deficiency with the
genotype PiZZ. The lumina ofthe endoplasmic reticulum (ER) are dilatedand contain aggregates ofthe unsecretedprotein
(stars). N, nucleus. M, mitochondrion ( x 30 000).

radiologically normal; the liver was clinically normal;
the liver function tests were normal.
Serum AAT concentration was measured with a

technique derived from Mancini's method (Martin,
Vandeville, Martin, and Ropartz, 1974) in the
patient and her parents. The Pi phenotype was
determined according to Fagerhol and Laurell (1967)
in the parents; the determination of Pi phenotype
was not possible in the patient because of the
absence of detectable AAT in the serum.

Liver biopsy was performed with a Menghini
needle in the patient only. A fragment of the liver
specimen was fixed in Bouin's fluid and embedded
in paraffin; sections were stained with haematoxylin-
eosin, Masson's trichrome and the PAS reaction
after salivary digestion. Another fragment of the
liver specimen was fixed in paraformaldehyde and
was used for immunocytochemical studies; sections
were incubated with anti-AAT antibodies labelled
with peroxidase and observed on light and electron
microscopy (Feldmann et al, 1974). Another frag-
ment of the livei specimen was fixed in 1.5% osmium

tetroxide solution buffered with veronal buffer, pH
7.2, for 90 min at 4CC and embedded in Epon;
ultrathin sections were stained with uranyl acetate
and lead citrate and were observed on electron
microscopy.

Results

Serum AAT concentrations and Pi phenotypes of
the patient and her parents are given in the table.
The appearance of the liver on light microscopy was
normal, except for vacuoles present in the cytoplasm
of the hepatocytes; no PAS-positive globules were
seen in the hepatocytes. No reaction with anti-AAT
antibodies labelled with peroxidase was detected
on either light or electron microscopy. The ultra-
structural aspect of the hepatocytes was normal
except for the presence of cytoplasmic vacuoles, 1-4
microns in diameter; these vacuoles, distinct from
the endoplasmic reticulum and Golgi apparatus,
were limited by a single membrane, and had the
appearance of dilated lysosomes (fig 2).
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G. Feldmann et al.

Serum Alpha-l-antitrypsin Piphenotype
(mg/lOOm!)

Patient 0
Father 74 PiS
Mother 126 PiM

Table Serum alpha-l-antitrypsin concentration andPi
phenotype in thepatient andherparents
'Normal: 240 ± 100mg/lOOml(mean ± 2SD)

Discussion

That our patient had the genotype PL is based on
the following arguments: (a) the serum AAT con-
centration of the patient was null; (b) the serum
AAT concentration of both parents was lower than
normal; (c) the parents' phenotypes were PiS and
PiM, their genotypes being presumably PiS and
PiM_. This patient represents the reported second
case of homozygous genotype Pi _.The rarityofthis
genotype results from the 0001 frequency of the
allele Pi- (Laurell, Sveger, and Ljunggren, 1974).

Under the electron microscope, the endoplasmic
reticulum of the hepatocytes appeared to be normal
in our patient. This finding is compatible with the
hypothesis that, in AAT deficiency with the genotype
Pi__, the mechanism for the null serum AAT con-
centration would be a defect in synthesis of this
protein. An alternative hypothesis, likewise com-
patible with the normal ultrastructural aspect of the
endoplasmic reticulum, is that, in this variant of
AAT deficiency, an abnormal AAT is produced by
the liver and secreted into the plasma but disappears
rapidly from the plasma; the observation that after
intravenous injection of normal AAT this protein
disappeared from the plasma of a patient with the
genotype PiL_ at the same rate as from the plasma of
normal subjects (Talamo et al, 1973) does not
exclude this hypothesis.
Our patient was suffering from another hereditary

disorder, mannosidosis. The coincidence of AAT
deficiency with the genotype PiL_ and mannosidosis,
two rare, apparently unrelated hereditary diseases,

Fig 2 Electron microscope appearance ofapart ofa hepatocyte in thepatient with alpha-l-antitrypsin deficiency with
the genotype Pi -. The endoplasmic reticulum (ER) is normal. A part ofa cytoplasmic vacuole (V) can be seen; this vacuole
is relatednot to alpha-l-antitrypsin deficiency, but to mannosidosis, another hereditary disorderfrom which
thispatient was suffering (see text). N, nucleus. M, mitochondrion ( x 30 000).
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is probably the consequence of consanguinity of our
patient's parents. Mannosidosis is responsible for
the vacuoles in the cytoplasm of the hepatocytes;
these cytoplasmic vacuoles, in fact dilated lysosomes,
are known to be present in the cytoplasm of various
cells in patients with mannosidosis (Autio, Norden,
Ockerman, Riekkinen, Rapola,and Louhimo, 1973).
The possibility that mannosidosis may affect the
synthesis of AAT and/or the manifestations of AAT
deficiency cannot be excluded; however, the enzyme
and biochemical disorders described in mannosidosis
(Autio et al, 1973) make this interference unlikely.

The authors are indebted to Professor C. Nezelof
for performing the histological study and thank
Mrs Jocelyne Guesnon for technical assistance. This
work was supported by a grant from the Institut
National de la Sante et de la Recherche Medicale
(contract no. 7350484).
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