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Conventional histopathology has been the basis for pathologic
classification of most lung disease. In recent years, new immuno-
histologic methods based upon both immunofluorescent and im-
munoenzymatic techniques have expanded the scope and precision
of diagnostic pathology and provided new insights into the patho-
biology of disease. Pertinent methodology and principles and
practice of interpretation are reviewed.

Index terms: Fluorescent antibody technic ¢ Immunoen--
zyme technics * Lung diseases * Lung neo-
plasms

Cleve Clin Q 52:473-482, Winter 1985

Morphologists have traditionally depended upon con-
ventional light microscopy, special stain histochemistry,
and, more recently, ultrastructural features to recognize
special cell types in the lung and to recognize typical
architectural and cytologic features of specific neoplasms.
During the past 5-10 years, a new technology, immuno-
histology, has emerged. Immunohistologic techniques are
diverse, and serve to supplement and corroborate diagnos-
tic impressions based on conventional histopathology. Im-
munohistology is not designed as a primary mode of diag-
nosis, since diagnoses based solely on such information may
be misleading.

Specimen procurement and methodology, expressed cel-
lular phenotypic antigens of different cell types in the
pulmonary and pleural parenchyma, and selected diagnos-
tic applications are reviewed.
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PULMONARY IMMUNOHISTOLOGY
INDIRECT TECHNIQUE

PEROXIDASE (@) CONJUGATED
GOAT ANTI - RABBIT IgG

RABBIT ANTI-CHYMOTRYPSIN

a-1-CHYMOTRYPSIN IN

Fig. 1. Diagram of indirect immunoperoxidase technique. In
this system, rabbit antibody to alpha-1-chymotrypsin is used to label
its corresponding antigen in the cytoplasm of a free alveolar mac-
rophage. The secondary reagent, peroxidase-conjugated goat anti-
rabbit IgG, is then overlaid on the section. After washing, a color
reaction product is developed with either aminoethylcarbazole (giv-
ing a red reaction product), or p-phenylenediamine/pyrocatechol
(brown-black reaction product). The sections are then counter-
stained with hematoxylin and mounted.

Specimen procurement

Conventional processing of tissue using acid or
metallic precipitating or cross-linking fixatives
frequently destroys many cellular antigens. This
destructive process most notably affects differ-
entiation antigens expressed by mononuclear
cells, and alters to some degree the nonspecific
adhering qualities of antibodies used in proce-
dures. For this reason, it is desirable to develop
a processing protocol for lung biopsy specimens
to ensure preservation of cellular and extracel-
lular antigens (see the paper by Gephardt, pp
447-471 1n this issue). Such a protocol should
include, at the very minimum, procurement of
frozen tissue, which may or may not be processed
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PULMONARY IMMUNOHISTOLOGY
ABC - PO TECHNIQUE
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Fig. 2. Diagram of avidin biotinylated peroxidase complex
technique (ABC-PO). The primary antibody is the same as that
used in Figure 1, rabbit anti-alpha-1-chymotrypsin. A soluble pre-
formed complex of avidin D and biotinylated peroxidase is linked
to the rabbit primary antibody by the molecular bridge, biotinylated
goat anti-rabbit IgG. Unbound avidin in the preformed soluble
complex of ABC-PO is linked to the exposed biotin molecules in
the secondary antibody. After washing, the color reaction product
is developed in the same manner as in Figure 1, and slides are
hematoxylin counterstained and mounted.

and can be stored in the frozen state if not used
immediately for diagnosis. Such tissue is best
preserved when the surface tension of the freez-
ing medium 1s as close as possible to that of the
hydrated tissue, preserving structural integrity.
Best results are achieved when the tissue is frozen
in isopentane that has been precooled in liquid
nitrogen to approximately —150°C. At this tem-
perature, the isopentane becomes somewhat vis-
cous on visual inspection, and freezing the tissue
in this way will ensure the best morphologic
preservation. The tissue is then stored in a
freezer at =<—70°C until sectioning.

Fixative solutions accomplish their designed
purpose in several ways. Solutions such as for-
malin work as cross-linking agents, whereas other
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Fig. 3. Photomicrograph, desquamative interstitial pneumonitis, immunostained for
cytokeratins using monoclonal antibody AE1/3 (arrows), and counterstained with hema-
toxylin. The pneumocytes lining the septae are positive (arrows), but the free alveolar
macrophages are negative.

acidic solutions (e.g., Bouin’s or Hollande’s) or
metallic fixatives (e.g., Zenker’s solution, mer-
curic chloride, B5 solution) fix tissue by precipi-
tation. Cross-linking and precipitation produce
molecular changes in antigens, especially in the
three-dimensional configuration of the antigen,
which, for many molecules, is the important
structure conferring antigenicity and reactivity
with antibody. However, the severity of such
changes induced by fixation is apparently not
uniform. The Table summarizes the preferred
specimen fixation or processing method as a re-
flection of the ability to detect optimally the
cellular antigen being evaluated. It is recom-
mended, therefore, that the protocol include pro-
curement of frozen tissue and tissue fixed in
formalin, Hollande’s (or Bouin’s) solution, and
B5. If it is not possible to have multiple fixatives
available, the use of Hollande’s or Bouin’s solu-
tion as the primary fixative of choice will gener-
ally be adequate for those antigens that do not
absolutely require frozen tissue sections.

Methodology

A plethora of immunocytologic and immuno-
histologic techniques is available to give a profile
of antigens in the pulmonary parenchyma. Only
a brief overview will be provided here. The
reader is referred to other general review articles

on immunohistology for a more thorough treat-
ment of methodology.'™

Both immunofluorescent and immunoenzy-
matic methods are applicable to pulmonary anti-
gens. The detection marker consists of either a
fluorescent or enzyme/substrate/chromogen col-
ored label. Immunofluorescent methods depend
upon the labeling of reagents with a fluorescent
compound, excitation of the fluorescent label,
and visual detection of the emitted fluorescence.
Enzyme immunohistologic methods depend on
the development of a color reaction product oc-
curring in the tissue when reagents labeled with
enzyme produce the colored product in the
chromogen in the presence of the appropriate
substrate. Although many enzymes can be used
as labels, peroxidase has been the most useful in
our experience.

Numerous immunohistologic methods have
been employed in the study of diseases of the
lung. These include direct techniques (immuno-
fluorescent or immunoperoxidase procedures
employing antibodies directly labeled with flu-
orescent or enzymatic compounds), the indirect
immunoperoxidase procedure using labeled sec-
ondary antibodies (Fig. I), and peroxidase-anti-
peroxidase and protein A-labeled reagents for
indirect and modified peroxidase-antiperoxidase
procedures."™ A number of biotin-avidin tech-
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Fig. 4. Photomicrograph, desquamative interstitial pneumonitis, immunostained for
muramidase and counterstained with hematoxylin. The pneumocytes are negative but the

free alveolar macrophages are positive (arrows).

niques have also been developed that depend on
the extraordinary and essentially irreversible af-
finity of avidin for biotin (disassociation constant
1 X 1079). For detection of extracellular immune
complexes and entrapped immunoglobulins, we
prefer the direct immunofluorescent or immu-
noperoxidase procedure. For detection of cellu-
lar antigens, the avidin-biotinylated peroxidase
complex (ABC-PO) technique has been the most
useful in our experience. The ABC-PO proce-
dure depends upon, in sequence, the reaction of
a primary antibody with its appropriate tissue
antigen, and then the linking of a soluble, pre-
formed complex of avidin-biotinylated peroxi-
dase to the primary antibody with a biotinylated
secondary reagent.” This complex procedure is
diagrammed in Figure 2.

Pulmonary and pleural cellular antigens

The Table summarizes the cellular antigens
that can be recognized by individual or combi-
nations of antibodies, and Figures 3-8 illustrate
some specific applications of pulmonary immu-
nohistology. Epithelial elements are best recog-
nized by antibody to cytokeratins (AE1/3 or
PKK-1; Figure 3). Pneumocytes also display cy-
tokeratins, and sometimes express alpha-I-anti-
trypsin and alpha-1-chymotrypsin. Pleural meso-
thelium is also labeled with these anticytokeratin

antibodies, and usually lacks milk fat globule II
(MFGII). Alveolar macrophages express alpha-1-
antitrypsin  and  alpha-1-chymotrypsin  cyto-
plasmic enzymes as well as muramidase (Fig. 4).

Mononuclear cells are evaluable only in frozen
tissue sections. The total T cell population is
recognized by the antibody to the sheep eryth-
rocyte receptor (T'11 or Leub) or other Pan-T
markers (Leu4/T3). Inducer/helper subpopula-
tions of T cells are identified with T4/Leu3
monoclonal antibodies, and cytotoxic/suppressor
T cells with T8/Leu2. The suppressor fraction
of T8+ cells can be identified with Leul5, al-
though the latter antibody also labels a subpop-
ulation of natural killer (NK) large granular lym-
phocytes. The most reproducible staining of B
cells without cross-contaminating identification
of macrophages is achieved with Leul4. Al-
though several antibodies to large granular lym-
phocytes that are responsible in part for natural
killer activity are available, the most complete
labeling of the NK population without cross-
labeling of other types is achieved with the NKH-
1 antibody. It is emphasized that these monoclo-
nal antibodies to lymphocytes recognize antigens
and do not directly measure function in a labeled
subpopulation.

Endothelium can be recognized by the expres-
sion of Factor VIII-related antigen, or by mono-
clonal antibodies specifically developed against
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Fig. 5. Photomicrograph, undifferentiated large-cell carcinoma, immunostained for
carcinoembryonic antigen and counterstained with hematoxylin. Intense, predominantly
uniform cytoplasmic staining is present, although some individual cells are more intensely
stained.

human endothelium. Smooth muscle is best iden-
tified with monoclonal antibody to desmin using
frozen tissue sections. The neuroendocrine or
“APUD?” cell of the lung is probably best recog-
nized by the neuron-associated enolase antibody.

Specific applications

Optimal visual presentation of immunohisto-
logic studies requires color photomicrographs,
which are not presented with this paper due to
editorial restrictions. Representative black and
white photomicrographs are included (Figs. 3—
8).

It is generally acknowledged that all types of
immunologic reactions can occur in lung disease.*
Characterization of the cellular immunotypes as-
sociated with entrapped inflammatory cells oc-
curring principally as a consequence of Type IV
reactions can be accomplished with immunohis-
tologic techniques. Type II and III reactions
mediated by autoantibody or immune complexes
are probably more unusual in the lung, but when
they occur, immunohistologic techniques can be
used to detect entrapped septal basement mem-
brane antibody or immune complexes of immu-
noglobulin and complement.”

Immunohistologic techniques may be used to
clarify the origin and help classify neoplasms in
the lung, both metastatic and primary tumors

(Figs. 5-8). At this time, there is little that can be
offered to help subclassify bronchogenic carci-
noma, except that “neuron-specific” enolase and
Leu-7 may be helpful in recognizing undifferen-
tiated small-cell carcinoma and distinguishing it
from other malignant small-cell tumors such as
malignant lymphoma or neuroblastoma.® How-
ever, in nearly all instances, such diagnoses can
be readily made by conventional light micros-
copy.

On occasion, metastasis to the lung may be-
come a problem in differential diagnosis, or
where additional confirmatory evidence may sim-
ply be desirable. Metastatic papillary or follicular
carcinoma can be shown to be of thyroid origin
with the use of thyroglobulin immunostaining.’
Immunostaining for calcitonin may also be help-
ful in confirming a diagnosis of metastatic med-
ullary carcinoma of thyroid.'"” Malignant mela-
noma, whether primary or secondary, can be
easily recognized by the expression of cyto-
plasmic S-100 protein'' in the absence of expres-
sion of cytokeratins peculiar to carcinomas, and
by melanoma-specific monoclonal antibodies
(Fig. 8). Renal cell carcinoma metastatic to the
lung can be readily confirmed if frozen section
material is available, by documenting the expres-
sion of tumor antigens defined by the specific
monoclonal antibody Uro-2.'* Prostatic adeno-
carcinoma can be identified specifically as to tis-
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Fig. 6. Photomicrograph, mesothelioma, immunostained for carcinoembryonic anti-
gen and counterstained with hematoxylin. The tumor cells are negative.

sue of origin using prostate-specific antigen.'®
Other developmental monoclonal antibodies
show highly selective reactivity or specificity with
breast carcinoma, and progress is being made in
development of other monoclonal antibodies
with specificity for colon and bladder carcinoma.
Also, immunohistologic studies for oncofetal an-
tigens such as carcinoembryonic antigen (CEA)
may predict serum or plasma markers useful in
clinical monitoring.'*

Sarcomas involving lung can be of either pri-
mary or secondary origin. There is much to be
learned about the immunohistology of interme-
diate filaments. However, at this time desmin
seems to be a very useful marker for recognizing
sarcomas of muscular origin (lelomyosarcoma
and rhabdomyosarcoma)."”” Malignant fibrous
histiocytoma is very often characterized by the
cytoplasmic  expression of alpha-1-chymo-
trypsin.'® Caution should be exercised in the
application of antibodies to intermediate fila-
ments. In fixed tissue specimens, there is often
striking nonspecific adherence of immunoglobu-
lin reagents. Frozen sections are preferred for
this evaluation.

Immunohistologic techniques may also be used
to document the cytoplasmic expression of poly-
peptide hormones associated with ectopic hor-
mone production. Specific applications include
carcinoid tumors and undifferentiated small-cell
carcinomas associated with ectopic secretion of

adrenocorticotropic hormone or other hormonal
expression.

Much recent literature has been devoted to the
diagnosis of pulmonary mesotheliomas and the
role of immunohistology in the differential diag-
nosis of mesothelioma vs undifferentiated large-
cell carcinoma (Figs. 6 and 7).!7-27 At one time,
the dictum “CEA — /keratin + = mesothelioma”
or “CEA + /keratin — or trace = carcinoma”
appeared to be a useful supportive criterion to
make this distinction. However, it has subse-
quently become clear that such a simplistic ap-
proach to the subclassification of these tumors is
unrealistic. “Cytokeratin” is not a single antigen
but a family of at least 19 related intermediate
(10 nm) filaments.*® Even polyclonal antibodies
can be produced to the different molecular-
weight subtypes of keratin, and these antibodies
have differing avidity and specificity. Further-
more, monoclonal antibodies against cytokeratins
are probably epitope-specific, reacting with only
portions of a given subtype antigen.

The nature of the material used for study is
extremely important; undifferentiated carcino-
mas in frozen tissue or fixed in formalin solution
and pronase-digested show a diffuse generalized
cytoplasmic expression of the antigen mimicking
exactly that seen in mesotheliomas. While it is
true that in Bouin’s-fixed material or in non-
pronase-digested formalin-fixed material (as op-
posed to frozen sections or pronase-digested, for-
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Fig. 7.

malin-fixed sections) carcinomas usually only
show focal positive staining, the potential for
misinterpreting the information is great.

Caution should also be exercised in the inter-
pretation of CEA immunostains. Many carcino-
mas involving the pleura are devoid of CEA,
particularly poorly differentiated variants. Some
promising results have been reported by Batti-
fora, who found human milk fat globule II
(MFGII) in carcinoma, but deletion of this
antigen from reactive mesothelium and meso-
theliomas.”” Conversely, Marshall et al have re-
ported MFGII in both carcinomas and mesothe-
liomas.?® Much information still needs to be ob-
tained with regard to the differential expression
of these antigens. It is strongly recommended
that conventional mucin histochemical and elec-
tron microscopic findings and clinical history,
including occupational exposure and radiogra-
phy, should be evaluated in conjunction with
immunohistologic findings to resolve the differ-
ential diagnostic dilemma.

Malignant lymphomas of the lung, albeit un-
usual, can also be evaluated immunohistologi-
cally. Such information can help to establish
clonal excess of the neoplastic process and deter-
mine T or B cell origin of the neoplasm.QS_35
Immunoglobulins and most differentiation anti-
gens are best profiled in frozen tissue sections or
in fresh cell suspensions. Both cytocentrifuge
preparations and frozen tissue sections are useful
in this setting. Only a few antigens peculiar to

Photomicrograph, mesothelioma, immunostained for milk fat globule II (mouse
monoclonal antibody MFGII) and counterstained with hematoxylin. Surface staining of the
neoplastic cells is identified (arrows).

lymphocytes survive fixation and paraffin in
processing.”~** These markers are of particular
value in the differential diagnosis of pulmonary
pseudolymphoma wvs malignant non-Hodgkin’s
lymphoma. Since most non-Hodgkin’s lympho-
mas are B cell in origin, and show restricted
immunoglobulin light-chain expression as re-
flected in clonal excess, immunohistologic tech-
niques can be used to confirm the presence of B
cell non-Hodgkin’s lymphoma. Alternatively,
these findings, in conjunction with evaluation of
T cell subpopulations, can be helpful in confirm-
ing the diagnosis of pseudolymphoma or benign
lymphoid hyperplasia.

Infectious agents sometimes present a differ-
ential diagnostic challenge in the lung, especially
the diagnosis of viral pneumonitis. Most of the
commercially available antibodies to viruses yield
unreliable information, in our experience. This
may relate to the complexity of different sero-
types of the virus, or other unidentified factors.
More recently, in-situ hybridization using bioti-
nylated nucleotide probes of complementary
DNA material offer promise in the recognition
of wviral pneumonias.?}6 However, this tech-
nology is very new, and great care should be
exercised in its application at this time.

Conclusions

Immunobhistology is a useful adjunct to diag-
nosis in classification of disease processes in the
lung. Of great import is the knowledgeable selec-
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Fig. 8. Photomicrograph, amelanotic melanoma presenting as isolated pulmonary
mass. The neoplasm has been immunostained for S-100 protein and counterstained with
hematoxylin. Individual malignant cells show cytoplasmic S-100 staining (arrow).

tion and procurement of tissue that will ensure
optimum conditions for detection of the desired
antigen. Most of the cell-associated antigens in
the lung can readily be profiled using immuno-
histologic techniques currently available. The
- specific applications include detection of immu-
noglobulin entrapment and entrapment of im-
mune complexes in autoimmune illnesses, and
providing corroborative information to support
histopathologic impressions in the differential di-
agnosis of primary and secondary neoplasms in-
volving the lung.
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