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Alpha-i -antitrypsin and the liver: a routine
immunohistological screen
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SUMMARY One hundred and eighty five consecutive liver biopsies were immunostained using
anti-alpha-l-antitrypsin to assess the use of routine immunohistochemistry in the diagnosis of
alpha-l-antitrypsin (AAT) deficiency. About half the livers showed staining of hepatocytes for
alpha-l-antitrypsin, but most of these livers showed a panlobular pattern, possibly indicating
increased synthesis of AAT. Only ten contained periportal granules, said to be typical of AAT
deficiency. In cases in which serum was also available for quantitation and phenotyping there was
no absolute relation between staining pattern, phenotype, and serum concentrations: the
immunohistological screening technique, therefore, has limitations in the diagnosis of AAT
deficiency in liver biopsy specimens.

Alpha-l-antitrypsin (AAT) is the principal serum
antiprotease and is mainly synthesised in the liver.'
There are at least 30 alleles for its gene,1 and there is
extensive evidence that some phenotypes are
associated with certain diseases, including
emphysema,2 cirrhosis,34 and neonatal hepatitis.2
Such phenotypes usually result in low serum
concentrations of detectable AAT, and, therefore, the
term AAT deficiency (AAD) is used to describe them.
The most common phenotype is designated PiM
(Protease inhibitor M) and the most common allele
associated with deficiency is Z.

Identifying this deficiency is important, partly as it
is an inherited condition and partly as it must be
differentiated from other diseases which cause similar
changes to the tissue. Unfortunately, the diagnosis of
the heterozygous state cannot be reliably made by
measuring serum concentrations: AAT is an acute
phase reactant and concentrations in such genetically
deficient people can be raised into the normal
range.35 Phenotyping entails the use of techniques
that are unavailable in most diagnostic laboratories,
and, therefore, an easy and reliable method of
detecting disease related phenotypes is required.

Early reports suggested that a characteristic
histological feature of patients with AAT deficiency
was PAS positive and diastase resistant (PAS-D)
granules within the cytoplasm of periportal
hepatocytes,2 which also reacted immunohisto-
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logically with antisera to AAT. Further studies
reinforced this finding and showed a close correlation
between the presence of the PAS-D granules and the
Z gene.68 Thus it was hoped that the presence of
these granules would be a simple and reliable
indicator of the Z gene, and, therefore, most cases of
AAT deficiency. Subsequently, however, occasional
reports have shown that periportal hepatocytes of
PiM (normal) patients can contain similar PAS-D
positive granules, which do not stain as AAT
immunohistologically.8 9 There are also patients with
the Z gene whose periportal hepatocytes do not
contain PAS-D granules, although they can contain
AAT positive granules on immunohistological
staining.10 These results, therefore, suggest that, in
the absence of phenotyping, a better indicator of the
AAD phenotype may be to show the presence ofAAT
granules in periportal hepatocytes by immunohisto-
chemistry.
To assess the advantages and disadvantages of this

approach we report the results of a routine screen of
unselected liver biopsy specimens for AAT granules
by immunohistological means and compare these
results with the serum AAT concentrations and the
patient's phenotype.

Material and methods

One hundred and eighty five liver biopsies (most of
which were needle biopsies) were received
consecutively in the Nuffield department of pathology
at this hospital. They were routinely fixed in 10%
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formol saline and processed to paraffin. Sections were
stained with haematoxylin and eosin and by the
periodic acid Schiff technique after diastase digestion.
Immunohistological staining for AAT was performed
by an indirect immunoperoxidase method as
described,11 using antiserum to human AAT from
Behringwerke at a dilution of 1/100. The specificity of
the antiserum was tested both by Ouchterlony gel
diffusion and immunoelectrophoresis against normal
human serum and purified AAT (Sigma). These
procedures showed only a single precipitin line with
similar electrophoretic mobilities and a reaction of
identity between the purified AAT and normal
human serum. Specificity of staining was tested by
preabsorbing the antibody with AAT. This
completely abolished all immunohistological staining
(result not shown).
As further controls the anti-AAT was replaced by

antisera to hepatitis B surface antigen (Dakopatts), or
human chorionic gonadotrophin, or by the second
antibody (peroxidase coupled swine antirabbit) alone.
All these controls were negative.
The serum AAT concentrations were measured by

automated nephelometry (Beckman ICS system) in
the department of immunology at this hospital, and
phenotyping was performed by isoelectric focusing on
polyacrylamide gels at the Medical Research
Council's human biochemical genetics unit, London.

Results

There were four immunohistological staining patterns
of hepatocytes: (a) negative; (b) a periportal granular
staining, as described in AAD2 (Figs I and 2); (c) a
diffuse, finely granular, cytoplasmic staining of
hepatocytes scattered focally throughout the liver
lobule (we called this pattern panlobular, diffuse
(Figs 3 and 4). The intensity of staining varied
considerably between hepatocytes within a single
biopsy. Occasional individual hepatocytes stained
intensely and some groups of hepatocytes stained
more lightly, and the rest of the hepatocytes showed a

very faint positivity); (d) a coarse granular staining of
hepatocytes with a similar distribution as the above.
We called this panlobular, coarse (Fig. 5).

Although, in general, the distribution between
patterns was clear, occasionally, that between the
third and fourth patterns of staining was blurred. In
addition, when only few hepatocytes stained, which
happened rarely, the distinction between periportal
and panlobular coarse staining was difficult to make.

Table 1 shows the incidence of each staining
pattern in various diseases. About half the livers
yielded positive results. Most of the positive livers
showed a panlobular pattern. The only disease
associated with this pattern was large duct
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obstruction, which nearly all the cases showed (20 of
22). Ten of 185 cases showed periportal AAT
granules (apparently typical ofAAT deficiency), four
of which were cirrhotic, the other diagnoses being
metastatic carcinoma, large duct obstruction, fatty
liver, and normality.

Table 2 shows the mean serum AAT con-
centrations compared with the immunohistological
pattern for the 66 cases in which serum was available
for quantification. Although there was a considerable
overlap in the serum concentrations of AAT in all
groups, those patients with panlobular positivity had
the highest values. The patients with periportal
granules had the lowest values, which was consistent
with AAT deficiency. Two of these patients, however,
had high values and this raised the mean
concentration into the normal range.
Of the 41 sera phenotyped, four were either

homozygous or heterozygous for the Z gene (Table
3). Two of these showed the periportal granular
pattern typical of AAT deficiency, but two showed
the panlobular diffuse pattern. (The serum
concentrations of the panlobular pattern were 242
and 253 mg/dl). By contrast, the two cases with
periportal granules were phenotyped as PiM (serum
concentrations 270 and 274 mg/dl, respectively).

Discussion

This study aimed to assess the usefulness (for
diagnosing AAT deficiency) of a routine
immunohistological screen of liver biopsies for the
presence of periportal AAT granules. We found that
about half of the livers examined contained detectable
AAT. There were three different patterns, however,
panlobular diffuse, panlobular coarse, and periportal
granules.
Most cases showed one or other of the first two

patterns. These patterns were not associated with any
particular AAT phenotype, but they were strongly
associated with large duct obstruction. As AAT is
present in bile"2 this may reflect obstruction of an
excretion route. Interestingly, however, other cases
showing cholestasis-primary biliary cirrhosis for
example-did not show this preponderance of
panlobular staining.
On assessment of the morphological similarities

and the serum AAT concentrations, the panlobular
diffuse and coarse patterns probably represented
variants of the same process, the coarse pattern being
the- more severe. These panlobular patterns may also
reflect increased AAT synthesis as part of an acute
phase reaction as, although not statistically
significant, there was a higher mean serum AAT value
in these two groups compared with the cases in which
hepatocytes were negative. Although this panlobular
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Fig. I Periportal granular pattern. Many periportal
hepatocytes contain discrete granular inclusions.
(Immunoperoxidase.) x 45.
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Fig. 2 Periportal granular pattern. Higher power ofFig. 1.
(Immunoperoxidase.) x 350.
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Fig. 3 Panlobular diffuse pattern. Occasional hepatocytes
diffusely scattered throughout lobule showfinely granular
cytoplasmic staining of variable intensity.
(Immunoperoxidase.) x 65.

Fig. 4 Higher powerfield ofFig. 3 to shows difuse
cytoplasmic staining. Note also positive Kupffer cells.
(Immunoperoxidase.) x 400.
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Fig. 5 Panlobular coarse pattern. Occasional hepatocytes
throughout lobule show coarse granular positivity.
(Immunoperoxidase.) x 200.

staining pattern has occasionally been noted in the
course of investigations into other aspects of
AAD,'0 131-5 the incidence has varied greatly
(11-57%). This presumably reflects varying
sensitivities in the immunohistological techniques
used and heterogeneity of the cases studied.
The third and quite separate pattern of staining

observed was that of AAT granules in periportal
hepatocytes. This pattern is usually considered to
indicate the presence of an AAT deficiency
phenotype.2 Although these cases tended to have
lower serum AAT concentrations than the other
patterns, two patients with typical AAT granules had
greater than normal serum AAT values and normal
phenotypes (PiM). Other workers have also reported
cases in which periportal AAT granules were de-
tected immunohistologically in the absence of the Z
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Table 2 AA T staining pattern and serum concentration
(normal range 107-209 mg/dl)

Pattern No ofcases Mean (SD) (mg/dl)

Negative 22 228 (87)
Panlobular diffuse 31 267(109)
Panlobular coarse 7 269(25)
Periportal granules 6 163 (68)

gene.o016-18 In addition, we found two patients
homozygous for the Z gene, but without typical
periportal AAT granules and with greater than
normal serum AAT values.
The discrepancy in this study between the presence

of hepatocyte AAT and the Z phenotype is greater
than that previously reported using PAS-D screening.
Errors in the interpretation of the staining patterns or
in phenotyping probably do not account for this, as,
in general, the distinction between staining patterns
was quite clear and the phenotyping was performed
by a reference laboratory. A more likely explanation
is that immunohistochemistry is more sensitive than
PAS-D staining, and, therefore, we detected greater
numbers of positive hepatocytes than is possible with
the PAS-D technique. Thus by using this technique
routinely on all biopsies (not just those with PAS-D
granules), we were able to detect increased numbers
of those cases lacking a correlation between
periportal AAT granules and the Z gene.

In summary, it seems that there is no absolute direct
correlation between the serum AAT value, the Pi
phenotype, and the presence or absence of immuno-
reactive periportal AAT granules. Accordingly,
simple reliance on immunohistological detection of
AAT in hepatocytes cannot be used as a diagnostic
indicator of deficiency, and thus there is no advantage
in routinely immunoscreening liver biopsy specimens
for AAT. Recent technical advances such as the prod-
uction ofmonoclonal antibodies against the Z protein
variant" and DNA hybridisation20 may lead to a
greater understanding and a more reliable diagnosis
of this poorly understood disorder.

Table 1 AA T staining pattern and histological diagnosis

Diagnosis Negative Panlobular difuse Panlobular coarse Periportal granules Total

Normal appearance 15 5 0 1 21
Alcoholic hepatitis 7 5 0 0 12
Cirrhosis:

Alcoholic 10 5 0 1 16
Other causes 3 5 1 3 12

Fatty liver 12 7 0 2 21
Large duct obstruction 1 18 2 1 22
Pimary biliary cirrhosis 4 5 1 0 10
Metastatic carcinoma 16 5 4 2 27
Non-specific reactive hepatitis 9 6 0 0 15
Others 15 11 3 0 29

Total 92 72 11 10 185
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Table 3 AATstaining pattern andphenotype

Pattern PiM PiMS PiS PiMZ PiZ Total

Negative 11 4 0 0 0 15
Panlobular diffuse 13 3 1 0 2 19
Panlobular coarse 3 0 0 0 0 3
Periportal granules 2 0 1 0 1 4

We thank Dr DA Hopkinson of the Medical Research
Council human biochemical genetics unit, Galton
Laboratory, University College, for phenotyping
these samples and Dr HM Chapel of the immunology
department, John Radcliffe Hospital, for determining
the serum values.
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