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Immunohistochemistry
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9.1 Introduction

Invasive procedures are frequently needed in the
diagnostic workflow of pulmonary pathology, in
both neoplastic and nonneoplastic cases. Precise
diagnoses, complete of all molecular and immu-
nophenotypic data, are requested by updated
WHO tumor classifications and precision-
medicine criteria, but this need has to be recon-
ciled with the emerging requests of minimally
invasive methods for obtaining tissue samples
aimed to minimize patients’ risks and discomfort
[1]. In this scenario, pathologists are faced by the
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contradictory demands for maximal data and
minimal tissue availability. The morphological
(histological) analysis of a tissue sample still
remains the most informative and economic diag-
nostic tool, usually performed on hematoxylin-
and eosin-stained slides (H&E), and this approach
still represents the first step in pulmonary pathol-
ogy. Nevertheless, morphology alone is not suf-
ficient to provide all the diagnostic, prognostic,
and predictive information needed by updated
protocols in pulmonary oncology.

Immunohistochemistry represents a widely
utilized method to provide relevant information
on the antigenic/proteomic profile of atypical
cells, allowing the precise definition of the “cell
of origin” of a tumor (e.g., squamous cell carci-
noma versus adenocarcinoma, poorly differenti-
ated lung carcinoma versus epithelioid
mesothelioma, etc.), and also details on the
expression of molecules with prognostic and/or
predictive significance, such as ALK, ROS, PDLI,
p53, and others [2—7] (Table 9.1). Molecular tests
(EGFR mutation status and others) are also neces-
sary in the managing of oncologic patients, and
the availability of these tests is nowadays a major
issue when either cytological samples or small
biopsies are only accessible [1, 8—12].

Diffuse parenchymal lung diseases (DPLD)
are a wide group of disorders with heterogeneous
clinical presentation, prognosis, and pathogene-
sis. The diagnosis of these diseases is generally
obtained by the coordinated evaluation of labora-
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Table 9.1 Suggested immunohistochemical markers in
lung pathology

Pathology
Lung carcinoma (general)

Suggested immunostains
CK7, CK5/6, AN-p63,
MUCSAC, TTF1,
Napsin-A, CDX2, CD56,
Synaptophysin, ALK,
p53, others

Squamous CK5/6, AN-p63, p53
Adenocarcinoma CK7, TTF1, Napsin-A,
MUCSAC, CDX2, p53
Small cell CD56, Synaptophysin,
Chromogranin, p53, CK7
Mesothelioma Calretinin, WT1,
Podoplanin, CK5/6,
BerEP4, BAP1
Lymphoma CD20, CD3, EBV/

EBER, CD30, kappa,
lambda, granzyme, p53,
others

CDla, S100, CD68,
Langerin, BRAF
HMBA45, a-SMA,
Cathepsin-K

CD68, S100, BRAF

Langerhans’ cell
hystiocytosis
Lymphangioleyomiomatosis

Erdheim-Chester disease

Infections EBV/EBER, HHVS,
Pneumocystis J, CMV,
others

Hypersensitivity Cathepsin-K

pneumonitis

PPFE Elastin, Podoplanin

IPF and other ILD CK8/18, CK5/6,

Tenascin, a-SMA, hsp27,
Laminin-5-y-2,
B-catenin, p16, p21

tory, imaging, and clinical data, but frequently a
histological evaluation on lung biopsies is needed
to substantiate the diagnosis. Large surgical
biopsies (SLB, generally obtained by VATS—
video-assisted thoracic surgery) are usually con-
sidered the gold standard for histological
examination, but the risks related to this proce-
dure have suggested that alternative, less inva-
sive, techniques should be performed [13, 14].
Transbronchial lung biopsies, especially
transbronchial cryobiopsies (TCB), have been
recently described as an alternative to SLB, since
they allow a good sensitivity with minor risks and
costs [15-17]. The clinical applications of TCB
are increasing, with experiences available in the
diagnosis and characterization of endobronchial
tumor lesions [18-20], pleural lesions [21, 22],

infections [20], and DPLD [15, 17, 23, 24].
Nevertheless, since TCB provide less tissue for
morphological analysis than SLB and about 20%
TCB are nondiagnostic [24], some concerns have
been recently raised on the opportunity to change
[25]. In a series of previous publications, we have
suggested that the diagnostic sensitivity and
specificity on transbronchial biopsies can be sig-
nificantly increased by utilizing a limited number
of immunohistochemical markers related to the
different pathogenesis of DPLD [26-28]. This
approach, which can be also applied to TCB, may
potentially increase the yield of morphologic
analysis, thus reconciling the need of both more
safe procedures and high sensitivity [29].

According to different studies, immunohisto-
chemical markers can be successfully demon-
strated on TCB, as can be molecular tests carried
out on nucleic acids extracted from cryobiopsies
[16, 29], without any specific problem related to
this new procedure (Fig. 9.1). The minimal arti-
facts that can at times be observed on TCB [30]
do not affect the staining quality of all tested
nuclear-, cytoplasmic-, and membrane-located
antigens [29].

9.2 Immunohistochemistry
in Neoplastic Pulmonary

Pathology

Immunohistochemistry is a non-expensive meth-
odology that is widely available in most histologi-
cal laboratories and is broadly applied in the
characterization and diagnosis of tumors according
to WHO guidelines. Specific immunophenotypic
profiles are available for different types of human
malignancies (e.g., lymphomas and leukemias,
lung carcinoma, breast carcinoma, renal cell carci-
noma, etc.). In lung carcinoma, well-established
sets of immunohistochemical markers have been
introduced in clinical practice that allow the precise
characterization of tumor cell differentiation (e.g.,
adenocarcinoma versus squamous cell carcinoma,
versus small-cell carcinoma), as well as markers
helping in the differential diagnosis between pri-
mary lung carcinomas and either mesothelioma or
metastatic spread from other sites [2, 31, 32].
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Fig. 9.1 Good quality immunohistochemical stains can
be obtained on transbronchial cryobiopsies fixed and par-
affin embedded following standard histology protocols:
(a) cytokeratin 8/18 in alveolar and bronchiolar epithelia;

9.2.1 Immunohistochemical
Markers in the Diagnosis

of Lung Carcinomas

9.2.1.1 Markers of Pulmonary

Epithelial Differentiation

(Fig.9.2)
Cytokeratins (CK) are a large family of pro-
teins, mainly present in intermediate filaments,
that are expressed in all epithelial tissues [33].
The biochemical properties of cytokeratins
allow their subdivision into two major groups:
acidic (n. CK9-CK28) and basic (CK1-CKS)
[33]. Within the lung, pneumocytes mainly
express low-molecular-weight (LMW) cytoker-
atins (e.g., CK7, CK8, CK18), whereas airway
basal cells express high-molecular-weight
(HMW) cytokeratins (e.g., CKS5, CK6).
Interestingly, during their differentiation into
goblet cells and ciliated columnar cells, the air-
way epithelial precursors loose the HMW cyto-
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(b) CD34 in interstitial vessels; (¢) CD68 in alveolar mac-
rophages; (d) ABCA3 in type II pneumocytes; (e) cal-
retinin in mesothelial cells; (f) WT1 in mesothelial cells

keratins that can be re-expressed in “squamous”
metaplasia.

Pneumocytes type II (AECII that represent
precursors of alveolar epithelium) express a
range of proteins that can be successfully demon-
strated by immunohistochemistry, including the
transcription factor TTF1, the serine protease
Napsin A [31, 34], surfactant proteins (especially
SP-A), DC-LAMP/CD208, and others [35-38].

TTF-1 belongs to the family of mammalian
NKx2 homeobox genes and encodes for a nuclear
transcription factor required for normal develop-
ment of the thyroid gland and lung epithelial
cells, regulating early morphogenesis and branch-
ing, as well as inducing later surfactant protein
expression by type II pneumocytes. In alveolar
pneumocytes, TTF1 is expressed at higher levels
when compared to bronchiolar cells, paralleling
the expression of several products of TTF1-
responsive genes including surfactant proteins A,
B, C, ABCA3, and DC-LAMP/CD208 [35-38].
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Fig. 9.2 TImmunohistochemical characterization of lung sion in a case of lung adenocarcinoma; (d) Napsin A
carcinomas: (a) high-molecular-weight CK5/6 expression ~ expression in the same case; (e) CK7 expression in a case

in a poorly differentiated squamous cell lung carcinoma;  of TTF1-negative (f), CDX2 positive (g), adenocarcinoma
(b) p53 overexpression in the same case; (¢) TTF1 expres- ~ with enteric differentiation
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All these markers have been described as use-
ful to positively characterize lung epithelial
tumors [34-40]. Lack of expression of these
proteins in a proportion of lung carcinomas has
been generally considered as a negative feature
which decreases markers’ sensitivity or specific-
ity. Nevertheless, these molecules can be of value
as differentiation markers, since invasive muci-
nous adenocarcinomas mostly lack their expres-
sion, but express the goblet cell-related mucin
MUCS5AC, and sometimes markers of enteric dif-
ferentiation (MUC2, CK20, CDX2) [41-45]. This
observation can be considered as evidence of a
divergent histogenetic derivation (bronchiolar/
goblet versus alveolar). The availability of a grow-
ing array of “pulmonary,” “alveolar,” and “bron-
chiolar” markers can highly improve our
understanding of tumor diversity and can be used
to better diagnose and classify lung adenocarcino-
mas [46]. In addition, the decrease or loss of
pneumocyte markers is related to the grade of dif-
ferentiation of conventional adenocarcinomas and
can have diagnostic and prognostic value [45, 47].

9.2.1.2 MUC5AC a Marker of Airway
Goblet Cells

Goblet cells are increased in the airways as conse-
quence of chronic stimulation (e.g., in smokers).
MUCS5AC is a secretory mucin typically expressed
in bronchial and bronchiolar goblet cells. This
mucin is expressed in invasive mucinous adeno-
carcinoma and is an optimal marker to distinguish
this tumor from non-mucinous histotypes [46,
48]. The expression of this mucin in an adenocar-
cinoma can be considered as an evidence of its
“bronchiolar” derivation. MUCS5AC is also
expressed in adenocarcinomas showing enteric/
intestinal differentiation. Interestingly, this entity
is highly overrepresented in patients with IPF and
carcinoma, and this finding can be considered as
evidence of a derivation of these tumors from
bronchiolar honeycomb lesions [49].

9.2.1.3 p63 Truncated Isoforms:

A Marker of Squamous

Metaplasia
The p63 gene is a member of the p53 tumor sup-
pressor gene family playing an important role in

the physiological maintenance of different spe-
cialized epithelia [50, 51]. Its gene functions are
heterogeneous and complex since it undergoes
splicing by alternative transcription from two dif-
ferent promoters, producing as many as six dis-
tinct isoforms which exert potentially contrasting
effects on the same molecular and cellular targets
[51]. Transactivating isoforms (the TA-p63 class)
maintain a sequence corresponding to the transac-
tivating domain of p53 and have in fact functions
similar to p53 in inducing cell cycle arrest and
apoptosis. The second class, on the other hand,
includes forms lacking the NH,-terminal domain
(AN-p63), produced when the p63 gene is tran-
scribed from the cryptic promoter in intron 3.
AN-p63 forms act as dominant-negative agents
toward transactivation by p53 and p63 itself,
inhibiting the activity of p53 [52]. When over-
expressed, these molecular p63 variants can thus
behave as oncogenic molecules. Accordingly, p63
gene amplification and overexpression of AN-p63
have been demonstrated in primary lung squa-
mous cell carcinomas [53]. AN-p63 (also known
as p40) is considered one of the best markers for
distinguishing adenocarcinomas from squamous
cell carcinomas, together with high-molecular-
weight cytokeratins (CK5/6) [10, 54, 55]. AN-p63
is also expressed in all cases of thymoma, but not
in mesotheliomas [56]. The use of antibodies rec-
ognizing all isoforms of p63 (e.g., 4A4) should be
used cautiously since the TA-p63 isoform is also
expressed by mediastinal B-cell lymphomas [57].

Other THC tests that should be available for
lung cancer diagnosis and characterization
include markers of “endocrine” differentiation
and proliferation (CD56, chromogranin, synapto-
physin, Ki67). These markers are useful for the
diagnosis of neuroendocrine lung tumors and
also for rare conditions such as endocrine cell
hyperplasia [58, 59].

9.2.1.4 Predictive Markers

Intense investigation is currently devoted to find
molecular targets for updated therapies in lung car-
cinoma that need a predictive evaluation of their
efficacy, based on the presence of genetic abnor-
malities and/or the intensity of specific gene prod-
uct expression. ALK, ROS1, HER2, and others are
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the best known among the predictive tests validated
for immunohistochemical analysis [60-65]. FISH
(fluorescence in situ hybridization) analyses,
detecting gene amplifications, deletions, or translo-
cations can be also applied to better define the
molecular abnormalities of the neoplastic clones
[60, 66-68]. Immunohistochemical analysis has
also recently investigated as a predictive tool to
maximize the efficacy of immunotherapies [6, 69].

9.2.2 Pleural Pathology (Fig. 9.3)

The differential diagnosis of mesothelial malig-
nancies has been the object of intense investiga-

tion, and the use of immunohistochemistry has
become a fundamental tool in clinical practice.
All international and national guidelines include
a panel of immunohistochemical markers that
can allow consistent distinction between meso-
theliomas and metastatic tumors (mainly lung
carcinomas) in order to validate the diagnosis for
both clinical and legal issues [70-73].
Immunohistochemical markers can be roughly
divided into (1) those confirming the mesothelial
origin of a pleural malignancy (e.g., calretinin,
WT1, podoplanin/D2-40, and others) [74-76],
(2) molecules expressed by pulmonary epithelial
carcinomas (BER-EP4, TTF1, CEA, CD15, and
others) [77-79], and (3) markers specific for

Fig. 9.3 Immunohistochemical characterization of mesothelioma: (a) BER-EP4 negative; (b) calretinin positive; (c)
podoplanin positive; (d) BAP1 negative (positive internal control is evident)
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extrapulmonary metastases of carcinomas (e.g.,
GATA3, PAXS, CDX2, and others) [32].

In some cases, the distinction between malig-
nant mesothelioma and reactive mesothelial pro-
liferation can be problematic. Advances on the
pathogenic mechanisms occurring in mesotheli-
oma development have provided reliable tests for
this crucial differential diagnosis, such as the
detection of abnormalities affecting pl6 and
BAPI1 genes [73, 80-82]. Loss of the BAPI
nuclear immunoreactivity in mesothelial cells
can be considered a robust evidence of malig-
nancy [80-82].

9.2.3 Immunohistochemical
Markers in the Diagnosis

of Pulmonary Lymphomas

Immunohistochemical analysis is strongly rec-
ommended for the characterization of lymphop-
roliferative disorders occurring in the lung.
Among the rare pulmonary lymphomas, the most
common subtype is represented by low-grade
mucosa-associated lymphoid tissue (MALT)
lymphoma, whose immune profile includes the
demonstration of the B-cell-specific antigen
CD20, the lack of markers specific for other
B-cell lymphomas (CDS5, cyclin-D1, CD23, etc.),
and also the loss of TCL1 expression [83, 84]. A
plasma cell differentiation is frequent in MALT
lymphoma, and the restricted expression of Ig
light chains can represent a reliable diagnostic
feature. Lymphomatoid granulomatosis (LYG) is
an angiocentric and angiodestructive extranodal
lymphoproliferative disease. The histologic pre-
sentation of LYG is heterogenous, with variable
proportions of large and atypical EBV-infected B
cells admixed with reactive T lymphocytes. T-/
NK-cell lymphomas can rarely occur in the lungs,
and the differential diagnosis between nasal-type
T/NK lymphomas and LYG can be difficult,
since they share many morphological and immu-
nophenotypic features as angioinvasion, expres-
sion of markers of EBV infection, necrosis, and a
rich T-cell infiltrate exhibiting cytotoxic immun-
ophenotype, (positivity for CD8, TIA-1, gran-
zyme-B) [83]. Cryobiopsy can be successfully

utilized for the diagnosis of pulmonary lympho-
mas, including the rare endovascular large B-cell
lymphomas [85-87].

9.3 Immunohistochemistry
in Nonneoplastic Pulmonary
Pathology

9.3.1 Immunohistochemical

Markers in the Diagnosis
of Lung Infections (Fig. 9.4)

A limited number of immunohistochemical
markers recognizing infectious organisms
(mainly viral) can be applied to paraffin-
embedded routine histological samples and can
have a diagnostic role in pulmonary pathology.
The reagents’ panel includes antibodies recog-
nizing polyomavirus, adenovirus, various herpes
viruses (herpes simplex virus, cytomegalovirus,
human herpesvirus 8, and Epstein-Barr virus).
Pneumocystis jirovecii can be demonstrated
either by Grocott stain or specific antibody [88,
89]. High analytical specificity and sensitivity for
mycobacterial detection can be obtained by
molecular analysis [90].

9.3.2 Immunohistochemical
Markers in the Diagnosis

of Interstitial Lung Diseases

The pulmonary microenvironment. When morpho-
logical details cannot be easily recognized by H&E
staining, some immunohistochemical markers can
be useful to precisely define the nature of cells,
including epithelial, mesenchymal, and inflamma-
tory cells, as well as extracellular matrix proteins.
The epithelial component of the lung tissue can be
precisely characterized using cytokeratin subsets,
allowing a better evaluation of minimal interstitial
changes, pneumocyte hyperplasia, and cell damage
or loss (Fig. 9.1). Focal foci of squamous metapla-
sia can be demonstrated either by AN-p63 or high-
molecular-weight cytokeratins [91-95].
Surprisingly, CK14 is expressed on type II pneu-
mocytes in focal or diffuse alveolar damage, and
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Fig. 9.4 Immunohistochemical characterization of infec-
tious organisms: (a) pneumocystis J. (Grocott stain); (b)
anti-pneumocystis J. immunostaining; (¢) Cytomegalovirus;

this may be considered a sign of abnormal activa-
tion [96]. Different mesenchymal cells can be char-
acterized by markers such as alpha-smooth-muscle
actin for smooth muscle and myofibroblasts, tenas-
cin and tubulin beta-3 for myofibroblasts, CD34
for endothelial cells, podoplanin/D2—40 for lym-
phatic vessels, and others [92, 97, 98].

Increasing information is available regarding
the complexity of the immune system. A large
number of markers can be applied by immuno-
histochemical on lung tissue that can precisely
detect biologically relevant subsets of lymphoid
and inflammatory cells. The classical T-cell lym-
phoid heterogeneity, based on the expression of
membrane antigens such as CD4 and CD8, can
now be analyzed in more detail using markers
such as GATA3, T-BET, FOXP3, and others,
associated to relevant T-cell functional profiles
(TH1, TH2, TH17, Treg, etc.), in experimental

(d) EBV (EBER in situ hybridization) in a case of pulmo-
nary nasal-type T cell lymphoma

and clinical studies [99, 100]. Although little evi-
dence has been so far provided on the possible
clinical relevance of in situ analyses of these
markers, cryobiopsies can provide the samples to
better investigate their potential (Fig. 9.5).

9.3.3 Macrophage Markers
and Pathology

Macrophages represent a major cell component
within the pulmonary microenvironment and
exert fundamental roles in maintaining respiratory
functions by regulating the surfactant turnover
and eliminating infective agents, foreign particles,
mucus, dead cell remnants, etc. The majority of
macrophages in the normal lung home the alveo-
lar spaces (then they are named alveolar macro-
phages) and changes of their number, morphology,
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Fig. 9.5 Immunohistochemical characterization of
immune-response in situ: (a) TH1 T-Bet positive T cells
within a sarcoid granuloma; (b) sarcoid granuloma mac-
rophages are negative for surfactant-A protein, whereas
positive alveolar macrophages show the ingested antigen;

and/or distribution can provide useful diagnostic
information in different pulmonary diseases.

Several markers of alveolar macrophages are
available, including CD68, CD1lIc, and others.
Calgranulins (recognized by the antibody
MAC387) are expressed by “young” macro-
phages, being also expressed by neutrophils
[101]. Some antigenic proteins that can be dem-
onstrated by IHC within the cytoplasm of alveo-
lar macrophages are in fact derived by other cell
types that are ingested by macrophages, such as
the epithelial aspartic peptidase Napsin A and
surfactant protein A (Fig. 9.5).

Diseases characterized by abnormalities of
alveolar macrophages. Focal or diffuse accumu-
lations of alveolar macrophages characterize
smoking-related interstitial lung diseases such as

) W i, N 50 °

(c) a small interstitial granuloma evidenced by cathepsin-
K immunoreactivity in hypersensitivity pneumonitis; (d)
clusters of CD68-positive macrophages in Desquamative
Interstitial Pneumonia

respiratory bronchiolitis-ILD and desquamative
interstitial pneumonia. Clusters of foamy macro-
phages (engulfing surfactant proteins and lipids)
can be related to diseases of disturbed surfactant
turnover (e.g., diffuse panbronchiolitis or in ami-
odarone lung disease).

Diseases characterized by accumulation of
extrapulmonary macrophages. In some pulmo-
nary lesions, the accumulation of macrophages is
due to the recruitment of circulating monocytes
that eventually differentiate in the lung interstitial
spaces. These include a variety of inflammatory
diseases and can be divided in granulomatous
and non-granulomatous.

Granulomatous diseases. A particular type of
macrophage activation leads to the formation of
epithelioid granulomas. This reaction is triggered
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by THI lymphocytes and characterizes different
pulmonary granulomatous diseases including
immunological (sarcoidosis, berylliosis, hypersen-
sitivity pneumonitis) and infective diseases (myco-
bacteriosis, etc.). Epithelioid and giant cells in
granulomas are not modified alveolar macro-
phages but directly derive from circulating mono-
cytes. The phenotype of epithelioid cells is
different from that exerted by alveolar macro-
phages (negative for ZAP 70, Napsin A), and these
markers can occasionally be used to help in diffi-
cult cases. Epithelioid macrophages are activated
cells and express molecules that are up-modulated
during activation. Cathepsin K, a protease
expressed at high levels in bone marrow osteo-
clasts and in granuloma macrophages, can be use-
ful in detecting small granulomas as in most cases
of hypersensitivity pneumonitis [102] (Fig. 9.5).

9.3.3.1 BRAF-Related Histiocytoses
Recently, it has been demonstrated that Langerhans
cell histiocytosis (both non-pulmonary and pul-
monary—PLCH) and Erdheim-Chester disease
are pathogenetically related to a mutation affecting
the BRAF oncogene [103, 104]. This finding is
relevant since it can be considered as evidence of
the “clonal/neoplastic” nature of these histiocyto-
ses (previously considered as “inflammatory’’) and
also provides a robust diagnostic tool, either utiliz-
ing immunohistochemistry or molecular analysis
[105, 106]. Interestingly, in both these diseases,
oncogene-induced cell senescence (OIS) has been
suggested as a pathogenic feature, this explaining
the SASP (senescence-associated secretory
phenotype)-related secondary inflammatory fea-
tures of the diseases [106, 107]. Demonstration of
senescence-related markers such as p21%f and
pl6 can provide in this context prognostic infor-
mation [106]. Pulmonary Langerhans cell histio-
cytosis is characterized by accumulation of
CDla-positive and CD68-negative cells, whereas
Erdheim-Chester histiocytes are typically CD68
positive and CD1a negative.

9.4 Lymphangioleiomyomatosis

Lymphangioleiomyomatosis (LAM) is a rare dis-
ease that affects the lungs of women, usually in

premenopausal age. The disease is progressive
and potentially fatal. The LAM cells, which har-
bor mutations in tuberous sclerosis genes, pro-
gressively infiltrate the perilymphatic spaces of
the lung parenchyma. The phenotype of LAM
cells is peculiar, since they express alpha-smooth
muscle actin and desmin, together with melano-
cytic markers such as HMB45, HMSA-I,
MelanA/Martl, microphthalmia transcription
factor (MITF), and cathepsin k [28, 108]. This
distinctive phenotypic profile can be useful to
precisely characterize the disease on small trans-
bronchial biopsies [109] (Fig. 9.6).

9.4.1 Immunohistochemistry
in the Diagnosis of Idiopathic

Pulmonary Fibrosis and DPLD

The diagnosis of idiopathic pulmonary fibrosis
(IPF) is classically based on algorithms that
include a multidisciplinary evaluation of clinical,
radiological, and histological data. When the
radiological pattern is definite for usual interstitial
pneumonia (UIP), an invasive approach is dis-
couraged in the consensus protocols. The intro-
duction of TCB can help in providing a definite
diagnosis of UIP in those cases where the data are
dubious or not consistent for UIP, thus avoiding
either SLB or renounce to a certain diagnosis. The
use of some markers related to the pathogenesis
of IPF can help in some difficult cases. To date,
there is a wide consensus on the assumption that
IPF is not an inflammatory disease, but its patho-
genesis is related to an accelerated senescence
affecting pneumocytes that progressively reach a
status of stem cell insufficiency at particular sites
[110-113]. The causes of this intrinsic and irre-
versible defect are multifactorial, including age-
related telomere attrition, a genetic predisposition
(that is predominant in familiar cases), together
with the chronic exposure to toxic substances
(e.g., cigarette smoke), and also an anatomic com-
ponent related to mechanical stress [114].
Immunohistochemistry can be useful in detecting
early evidence of pneumocyte senescence. The
expression of cell senescence-related markers
such as pl6, p21, and beta-galactosidase [111,
115-117] in hyperplastic type II pneumocytes
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Fig. 9.6 Immunohistochemical characterization of lymphangioleyomiomatosis (LAM) cells: (a) cathepsin-K positive;
(b) alpha-smooth muscle actin positive; (c) HMB45 positive; (d) cytokeratin 8/18 negative

represents the evidence of focal alveolar damage
in IPF and also on small TCB (Fig. 9.7).

The use of other markers can help to better
visualize small fibrotic lesions that can be missed
on H&E morphology, together with details dem-
onstrating abnormalities, including epithelial-
mesenchymal transition (EMT) and abnormal
angiogenesis, occurring in microenvironmental
organization of the normal parenchyma [118].
Several myofibroblastic markers have been
described, including the extracellular matrix pro-
tein tenascin, and its immunohistochemical eval-
uation can have prognostic significance in
pulmonary fibrosis [98, 119]. Tubulin beta-3 has
been recently proposed as a reliable immunohis-
tochemical marker of myofibroblast foci in IPF
[120]. This marker in fact is expressed in both
myofibroblasts and epithelial cells exhibiting

EMT in fibroblast foci, together with a variety of
molecules aberrantly expressed within the
fibrotic lung tissue (ZEB1, TWIST, beta-catenin,
and others) [118, 120-124]. A useful immunohis-
tochemical finding is observed within honey-
comb lesions that we named “sandwich foci”
because of the peculiar three-layer structure
formed by myofibroblasts, basal cells expressing
laminin-5 y-2 chain, and heat shock protein
hsp27 [122] (Fig. 9.7). Although these findings
appear useful diagnostic features in the differen-
tial diagnosis of IPF and other DPLD, they need
to be validated on large case series.

9.4.1.1 Microscopic Honeycomb Lesions

Micro-honeycombing is a major morphological
feature of IPF, although it is not requested by
consensus statements for its histological diagno-
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Fig. 9.7 Immunohistochemical features in IPF: (a)
strong tenascin expression in fibroblast foci; (b) abnormal
distribution of AN-p63 basal cells in bronchiolar honey-
combing; (c¢) focal expression of the cell senescence-asso-

sis when imaging is consistent with the diagnosis
of UIP pattern. In honeycomb lesions the bron-
chiolar structures that are close to parenchymal
fibrotic area are progressively changed showing
distortion, enlargement, mucous accumulation,
and abnormal proliferation. Fibroblast foci are
frequently observed within these lesions, showing
a three-layered sandwich structure (see above).
The mucous accumulation within these lesions
always contains the mucin MUCS5B, regardless of
the occurrence of the MUC5B polymorphism (a
well-known predisposing genetic feature of IPF)
[125-127]. This finding is typical of IPF micro-
honeycombing. In addition, micro-honeycomb
lesions in IPF show several abnormalities that can
be demonstrated by immunohistochemistry,
including increased expression of WNT/beta-
catenin targets such as MMP7, cyclin-D1, and
MYC, as well increased expression of senescence-
related markers pl6 and p21 [111, 117, 121].
These abnormal features are likely related to the
development of epithelial malignancies with
bronchiolar phenotypes in IPF [49].

';.
e

ciated marker p16 in type II pneumocytes; (d) laminin-5
v-2 chain expression in “sandwich” fibroblast foci; (e)
heat shock protein 27 in sandwich foci; (f) strong tubulin
beta-3 in both luminal epithelium and fibroblast foci

9.4.1.2 Molecular Analysis in IPF

The demonstration of an increasing number of
gene abnormalities (affecting genes involved in
surfactant  synthesis, telomerase functions,
MUCS5B polymorphisms, telomere length, etc.)
in familiar and sporadic IPF is crucial for the
understanding of the pathogenesis of these devas-
tating diseases and may provide a new perspec-
tive for their classification, diagnosis, and
prognostication [128-131].

9.5 Diffuse Alveolar Damage

(DAD)

In diffuse alveolar damage (DAD), the morpho-
logical pattern characterizing acute respiratory
distress syndrome, the pneumocyte type II hyper-
plasia is generalized and diffuse, and markers of
EMT are easily demonstrated, including nuclear
beta-catenin, slug, tubulin beta-3, CK14, and oth-
ers (Fig. 9.8) [96, 120-123].
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Fig. 9.8 Immunohistochemical characterization of
hyperplastic type II pneumocytes in diffuse alveolar dam-
age: (a) cytokeratin 8/18; (b) nuclear and cytoplasmic
accumulation of beta-catenin; (c¢) strong immunoreactiv-

9.6 Pleuroparenchymal

Fibroelastosis (PPFE)

PPFE is a severe interstitial disease characterized
by progressive effacement of the pulmonary
parenchyma with pleural/subpleural fibroelasto-
sis often accompanied by interstitial thickening
and remodeling. Although PPFE has been
included within the idiopathic interstitial pneu-
monias [132], its identity is still matter of debate
[133, 134]. Relevant to diagnosis is the demon-
stration of abnormal interstitial accumulation of
elastic fibers that can be evidenced either using
elastic Van Gieson’s stain or, more precisely, with

ity for tubulin beta-3 in both epithelial cells and myofibro-
blasts; (d) laminin-5 y-2 chain expression in activated
pneumocytes

elastin-specific monoclonal antibodies. Recently,
the occurrence of podoplanin-reactive myofibro-
blasts has been proposed as a specific immuno-
histochemical staining to distinguish between
PPFE and IPF abnormal remodeling of the lung
parenchyma [135].

References

1. Khan J, Pritchard CC, Martins RG. Tissue is the
issue for diagnosis of EGFR T790M mutation. J
Thorac Oncol. 2016;11:€91-2.

2. Kaufmann O, Dietel M. Thyroid transcription fac-
tor-1 is the superior immunohistochemical marker
for pulmonary adenocarcinomas and large cell



94

M. Chilosi et al.

10.

11.

12.

14.

. Huang CL, Taki

carcinomas compared to surfactant proteins A and
B. Histopathology. 2000;36:8-16.

. Kargi A, Gurel D, Tuna B. The diagnostic value of

TTF-1, CK 5/6, and p63 immunostaining in classifi-
cation of lung carcinomas. Appl Immunohistochem
Mol Morphol. 2007;15:415-20.

. Koivunen JP, Mermel C, Zejnullahu K, et al.

EML4-ALK fusion gene and efficacy of an ALK
kinase inhibitor in lung cancer. Clin Cancer Res.
2008;14:4275-83.

. Aguiar PN Jr, De Mello RA, Hall P, Tadokoro H,

Lima Lopes G. PD-L1 expression as a predic-
tive biomarker in advanced non-small-cell lung
cancer: updated survival data. Immunotherapy.
2017;9:499-506.

. Carbognin L, Pilotto S, Milella M, Vaccaro V,

Brunelli M, Calio A, et al. Differential activity
of nivolumab, pembrolizumab and MPDL3280A
according to the tumor expression of programmed
death-ligand-1 (PD-L1): sensitivity analysis of trials
in melanoma, lung and genitourinary cancers. PLoS
One. 2015;10:0130142.

T, Adachi M, Konishi T,
Higashiyama M, Kinoshita M, et al. Mutations of
p53 and K-ras genes as prognostic factors for non-
small cell lung cancer. Int J Oncol. 1998;12:553-63.

. Lynch TJ, Bell DW, Sordella R, Gurubhagavatula S,

Okimoto RA, Brannigan BW, et al. Activating muta-
tions in the epidermal growth factor receptor under-
lying responsiveness of non-small-cell lung cancer
to gefitinib. N Engl J Med. 2004;350:2129-39.

. Marchetti A, Martella C, Felicioni L, Barassi F,

Salvatore S, Chella A, et al. EGFR mutations in
non-small-cell lung cancer: analysis of a large series
of cases and development of a rapid and sensitive
method for diagnostic screening with potential
implications on pharmacologic treatment. J Clin
Oncol. 2005;23:857-65.

Pelosi G, Fabbri A, Bianchi F, Maisonneuve P, Rossi
G, Barbareschi M, et al. ANp63 (p40) and thyroid
transcription factor-1 immunoreactivity on small
biopsies or cellblocks for typing non-small cell lung
cancer: a novel two-hit, sparing-material approach. J
Thorac Oncol. 2012;7:281-90.

Doxtader EE, Cheng YW, Zhang Y. Molecular test-
ing of non-small cell lung carcinoma diagnosed by
endobronchial ultrasound-guided transbronchial
fine-needle aspiration. Arch Pathol Lab Med. 2018.
Cai G, Wong R, Chhieng D, Levy GH, Gettinger
SN, Herbst RS, et al. Identification of EGFR muta-
tion, KRAS mutation, and ALK gene rearrangement
in cytological specimens of primary and meta-
static lung adenocarcinoma. Cancer Cytopathol.
2013;121:500-7.

. Kondoh'Y, Taniguchi H, Kitaichi M, Yokoi T, Johkoh

T, Oishi T, et al. Acute exacerbation of interstitial
pneumonia following surgical lung biopsy. Respir
Med. 2006;100:1753-9.

Park IN, Kim DS, Shim TS, Lim CM, Lee SD, Koh
Y, et al. Acute exacerbation of interstitial pneumo-

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

217.

nia other than idiopathic pulmonary fibrosis. Chest.
2007;132:214-20.

Babiak A, Hetzel J, Krishna G, Fritz P, Moeller P,
Balli T, et al. Transbronchial cryobiopsy: a new tool
for lung biopsies. Respiration. 2009;78:203-8.
Hetzel J, Hetzel M, Hasel C, Moeller P, Babiak
A. Old meets modern: the use of traditional
cryoprobes in the age of molecular biology.
Respiration. 2008;76:193-7.

Casoni GL, Tomassetti S, Cavazza A, Colby TV,
Dubini A, Ryu JH, et al. Transbronchial lung cryo-
biopsy in the diagnosis of fibrotic interstitial lung
diseases. PLoS One. 2014;9:e86716.

Schumann C, Hetzel J, Babiak AJ, Merk T, Wibmer
T, Moller P, et al. Cryoprobe biopsy increases the
diagnostic yield in endobronchial tumor lesions. J
Thorac Cardiovasc Surg. 2010;140:417-21.

. Hetzel J, Eberhardt R, Herth FJ, Petermann C,

Reichle G, Freitag L, et al. Cryobiopsy increases the
diagnostic yield of endobronchial biopsy: a multi-
centre trial. Eur Respir J. 2012;39:685-90.
Sanchez-Cabral 0, Martinez-Mendoza D,
Fernandez-Bussy S, Lopez-Gonzdlez B, Perea-
Talamantes C, Rivera-Rosales RM, et al. Utility of
transbronchial lung cryobiopsy in non-interstitial
diseases. Respiration. 2017;94:285-92.

Pathak V, Shepherd RW, Hussein E, Malhotra
R. Safety and feasibility of pleural cryobiopsy com-
pared to forceps biopsy during semi-rigid pleuros-
copy. Lung. 2017;195:371-5.

Tousheed SZ, Manjunath PH, Chandrasekar S,
Murali Mohan BV, Kumar H, Hibare KR, et al.
Cryobiopsy of the pleura: an improved diag-
nostic tool. J Bronchology Interv Pulmonol.
2018;25:3741.

Tomassetti S, Wells AU, Costabel U, Cavazza A,
Colby TV, Rossi G, et al. Bronchoscopic lung cryobi-
opsy increases diagnostic confidence in the multidis-
ciplinary diagnosis of idiopathic pulmonary fibrosis.
Am J Respir Crit Care Med. 2016;193:745-52.
Hetzel J, Maldonado F, Ravaglia C, Wells AU, Colby
TV, Tomassetti S, et al. Transbronchial cryobiopsies
for the diagnosis of diffuse parenchymal lung dis-
eases: expert statement from the cryobiopsy working
group on safety and utility and a call for standardiza-
tion of the procedure. Respiration. 2018;95:188-200.
Raparia K, Aisner DL, Allen TC, Beasley MB,
Borczuk A, Cagle PT, et al. Transbronchial lung
cryobiopsy for interstitial lung disease diagnosis:
a perspective from members of the Pulmonary
Pathology Society. Arch Pathol Lab Med.
2016;140(11):1281-4.

Menestrina F, Lestani M, Mombello A, Cipriani A,
Pomponi F, Adami F, et al. Transbronchial biopsy
in sarcoidosis: the role of immunohistochemi-
cal analysis for granuloma detection. Sarcoidosis.
1992;9:95-100.

Poletti V, Chilosi M, Olivieri D. Diagnostic inva-
sive procedures in diffuse infiltrative lung diseases.
Respiration. 2004;71:107-19.



9

Immunohistochemistry and Molecular Biology in Transbronchial Cryobiopsies

95

28

29.

30.

31.

32.

33.

34

35.

36.

37.

38.

39.

40.

. Chilosi M, Pea M, Martignoni G, Brunelli M, Gobbo
S, Poletti V, et al. Cathepsin-k expression in pul-
monary lymphangioleiomyomatosis. Mod Pathol.
2009;22:161-6.

Poletti V, Tomassetti S, Ravaglia C, Dubini A,
Piciucchi S, Cavazza A, et al. Histopathology and
cryobiopsy. In: ERS Monograph. Idiopathic pulmo-
nary fibrosis. ERS Monograph. 2016; p. 57-73.
Colby TV, Tomassetti S, Cavazza A, Dubini A,
Poletti V. Transbronchial cryobiopsy in diffuse lung
disease: update for the pathologist. Arch Pathol Lab
Med. 2017;141:891-900.

Dejmek A, Naucler P, Smedjeback A, Kato H, Maeda
M, Yashima K, et al. Napsin A (TA02) is a useful
alternative to thyroid transcription factor-1 (TTF-
1) for the identification of pulmonary adenocarci-
noma cells in pleural effusions. Diagn Cytopathol.
2007;35:493-7.

Ordoéiez NG. Value of PAXS, PAX2, napsin A, car-
bonic anhydrase IX, and claudin-4 immunostaining
in distinguishing pleural epithelioid mesothelioma
from metastatic renal cell carcinoma. Mod Pathol.
2013;26:1132-43.

Moll R, Franke WW, Schiller DL, Geiger B, Krepler
R. The catalog of human cytokeratins: patterns of
expression in normal epithelia, tumors and cultured
cells. Cell. 1982;31:11-24.

. Hirano T, Gong Y, Yoshida K, Kato Y, Yashima K,
Maeda M, et al. Usefulness of TAO2 (napsin A) to
distinguish primary lung adenocarcinoma from
metastatic lung adenocarcinoma. Lung Cancer.
2003;41:155-62.

Kolla V, Gonzales LW, Gonzales J, Wang P,
Angampalli S, Feinstein SI, et al. Thyroid transcrip-
tion factor in differentiating type II cells: regulation,
isoforms, and target genes. Am J Respir Cell Mol
Biol. 2007;36:213-25.

Zhu LC, Yim J, Chiriboga L, Cassai ND, Sidhu GS,
Moreira AL. DC-LAMP stains pulmonary adenocar-
cinoma with bronchiolar Clara cell differentiation.
Hum Pathol. 2007;38:260-8.

Tsutahara S, Shijubo N, Hirasawa M, Honda Y,
Satoh M, Kuroki Y, et al. Lung adenocarcinoma with
type II pneumocyte characteristics. Eur Respir J.
1993;6:135-7.

Mizutani Y, Nakajima T, Morinaga S, Gotoh M,
Shimosato Y, Akino T, et al. Immunohistochemical
localization of pulmonary surfactant apoproteins
in various lung tumors. Special reference to non-
mucus producing lung adenocarcinomas. Cancer.
1988;61:532-7.

Pelosi G, Fraggetta F, Pasini F, Maisonneuve P,
Sonzogni A, lannucci A, et al. Immunoreactivity
for thyroid transcription factor-1 in stage I non-
small cell carcinomas of the lung. Am J Surg Pathol.
2001;25:363-72.

Fabbro D, di Loreto C, Stamerra O, Beltrami CA,
Lonigro R, Damante G. TTF-1 gene expression
in human lung tumours. Eur J Cancer. 1996;32A:
512-7.

41.

42.

43.

44,

45.

46.

47.

48

49.

50.

51.

52.

53.

Inamura K, Satoh Y, Okumura S, Nakagawa K,
Tsuchiya E, Fukayama M, et al. Pulmonary adenocar-
cinomas with enteric differentiation: histologic and
immunohistochemical characteristics compared with
metastatic colorectal cancers and usual pulmonary
adenocarcinomas. Am J Surg Pathol. 2005;29:660-5.
Mazziotta RM, Borczuk AC, Powell CA,
Mansukhani M. CDX2 immunostaining as a gas-
trointestinal marker: expression in lung carcinomas
is a potential pitfall. Appl Immunohistochem Mol
Morphol. 2005;13:55-60.

Shah RN, Badve S, Papreddy K, Schindler S, Laskin
WB, Yeldandi AV. Expression of cytokeratin 20 in
mucinous bronchioloalveolar carcinoma. Hum
Pathol. 2002;33:915-20.

Nottegar A, Tabbo F, Luchini C, Brunelli M, Bria
E, Veronese N, et al. Pulmonary adenocarcinoma
with enteric differentiation: immunohistochemistry
and molecular morphology. Appl Immunohistochem
Mol Morphol. 2018;26:383-7.

Tabbo F, Nottegar A, Guerrera F, Migliore E, Luchini
C, Maletta F, et al. Cell of origin markers identify
different prognostic subgroups of lung adenocarci-
noma. Hum Pathol. 2018;75:167-78.

Chilosi M, Murer B. Mixed adenocarcinomas of
the lung: place in new proposals in classification,
mandatory for target therapy. Arch Pathol Lab Med.
2010;134:55-65.

Puglisi F, Barbone F, Damante G, Bruckbauer M,
Di Lauro V, Beltrami CA, et al. Prognostic value of
thyroid transcription factor-1 in primary, resected,
non-small cell lung carcinoma. Mod Pathol.
1999;12:318-24.

. Tsuta K, Ishii G, Nitadori J, Murata Y, Kodama T,

Nagai K, et al. Comparison of the immunopheno-
types of signet-ring cell carcinoma, solid adeno-
carcinoma with mucin production, and mucinous
bronchioloalveolar carcinoma of the lung character-
ized by the presence of cytoplasmic mucin. J Pathol.
2006;209:78-87.

Calio A, Lever V, Rossi A, Gilioli E, Brunelli M,
Dubini A, et al. Increased frequency of bronchio-
lar histotypes in lung carcinomas associated with
idiopathic pulmonary fibrosis. Histopathology.
2017;71:725-35.

Mills AA, Zheng B, Wang XJ, Vogel H, Roop
DR, Bradley A. p63 is a p53 homologue required
for limb and epidermal morphogenesis. Nature.
1999;398:708-13.

Yang A, Schweitzer R, Sun D, Kaghad M, Walker
N, Bronson RT, et al. p63 is essential for regenera-
tive proliferation in limb, craniofacial and epithelial
development. Nature. 1999;398:714-8.

Yang A, McKeon E P63 and P73: P53 mim-
ics, menaces and more. Nat Rev Mol Cell Biol.
2000;1:199-207.

Hibi K, Trink B, Patturajan M, Westra WH, Caballero
OL, Hill DE, et al. AIS is an oncogene amplified in
squamous cell carcinoma. Proc Natl Acad Sci U S A.
2000;97:5462-7.



96

M. Chilosi et al.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Wang BY, Gil J, Kaufman D, Gan L, Kohtz DS,
Burstein DE. P63 in pulmonary epithelium, pul-
monary squamous neoplasms, and other pulmonary
tumors. Hum Pathol. 2002;33:921-6.

Tatsumori T, Tsuta K, Masai K, Kinno T, Taniyama
T, Yoshida A, et al. p40 is the best marker for diag-
nosing pulmonary squamous cell carcinoma: com-
parison with p63, cytokeratin 5/6, desmocollin-3,
and sox2. Appl Immunohistochem Mol Morphol.
2014;22:377-82.

Chilosi M, Zamo A, Brighenti A, Malpeli G,
Montagna L, Piccoli P, et al. Constitutive expres-
sion of DeltaN-p63alpha isoform in human thy-
mus and thymic epithelial tumours. Virchows Arch.
2003;443:175-83.

Zamo A, Malpeli G, Scarpa A, Doglioni C, Chilosi
M, Menestrina F. Expression of TP73L is a help-
ful diagnostic marker of primary mediastinal large
B-cell lymphomas. Mod Pathol. 2005;18:1448-53.
Pelosi G, Sonzogni A, Harari S, Albini A, Bresaola
E, Marchio C, et al. Classification of pulmonary
neuroendocrine tumors: new insights. Transl Lung
Cancer Res. 2017;6:513-29.

Mengoli MC, Rossi G, Cavazza A, Franco R, Marino
FZ, Migaldi M, et al. Diffuse idiopathic pulmonary
neuroendocrine cell hyperplasia (DIPNECH) syn-
drome and carcinoid tumors with/without NECH:
a clinicopathologic, radiologic, and immuno-
molecular comparison study. Am J Surg Pathol.
2018;42:646-55.

Rossi G, Jocollé G, Conti A, Tiseo M, Zito Marino
F, Donati G, et al. Detection of ROS1 rearrangement
in non-small cell lung cancer: current and future per-
spectives. Lung Cancer (Auckl). 2017;8:45-55.
Rossi G, Ragazzi M, Tamagnini I, Mengoli MC,
Vincenzi G, Barbieri F, et al. Does immunohisto-
chemistry represent a robust alternative technique
in determining drugable predictive gene alterations
in non-small cell lung cancer? Curr Drug Targets.
2017;18:13-26.

Boyle TA, Masago K, Ellison KE, Yatabe Y, Hirsch
FR. ROS1 immunohistochemistry among major
genotypes of non-small-cell lung cancer. Clin Lung
Cancer. 2015;16:106—11.

Selinger CI, Li BT, Pavlakis N, Links M, Gill AJ, Lee
A, et al. Screening for ROS1 gene rearrangements
in non-small-cell lung cancers using immunohisto-
chemistry with FISH confirmation is an effective
method to identify this rare target. Histopathology.
2017;70:402-11.

Kim EK, Kim KA, Lee CY, Shim HS. The frequency
and clinical impact of HER?2 alterations in lung ade-
nocarcinoma. PLoS One. 2017;12:e0171280.

Ko YS, Kim NY, Pyo JS. Concordance analysis
between HER2 immunohistochemistry and in situ
hybridization in non-small cell lung cancer. Int J
Biol Markers. 2018;33:49-54.

Wu YC, Chang IC, Wang CL, Chen TD, Chen
YT, Liu HP, et al. Comparison of IHC, FISH and
RT-PCR methods for detection of ALK rearrange-

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

ments in 312 non-small cell lung cancer patients in
Taiwan. PLoS One. 2013;8:¢70839.

Peretti U, Ferrara R, Pilotto S, Kinspergher S,
Caccese M, Santo A, et al. ALK gene copy num-
ber gains in non-small-cell lung cancer: prognostic
impact and clinico-pathological correlations. Respir
Res. 2016;17:105.

Calio A, Bria E, Pilotto S, Gilioli E, Nottegar A,
Eccher A, et al. ALK gene copy number in lung can-
cer: Unspecific polyploidy versus specific amplifi-
cation visible as double minutes. Cancer Biomark.
2017;18:215-20.

Lan B, Ma C, Zhang C, Chai S, Wang P, Ding L,
Wang K. Association between PD-L1 expression
and driver gene status in non-small-cell lung cancer:
a meta-analysis. Oncotarget. 2018;9:7684-99.
Yaziji H, Battifora H, Barry TS, Hwang HC, Bacchi
CE, Mclntosh MW, et al. Evaluation of 12 antibod-
ies for distinguishing epithelioid mesothelioma
from adenocarcinoma: identification of a three-
antibody immunohistochemical panel with maximal
sensitivity and specificity. Mod Pathol. 2006;19:
514-23.

Kushitani K, Amatya VJ, Okada Y, Katayama Y,
Mawas AS, Miyata Y, et al. Utility and pitfalls of
immunohistochemistry in the differential diagno-
sis between epithelioid mesothelioma and poorly
differentiated lung squamous cell carcinoma.
Histopathology. 2017;70:375-84.

Marchevsky AM, LeStang N, Hiroshima K, Pelosi
G, Attanoos R, Churg A, et al. The differential
diagnosis between pleural sarcomatoid mesothe-
lioma and spindle cell/pleomorphic (sarcomatoid)
carcinomas of the lung: evidence-based guidelines
from the International Mesothelioma Panel and
the MESOPATH National Reference Center. Hum
Pathol. 2017;67:160-8.

Husain AN, Colby TV, Ordéfiez NG, Allen TC,
Attanoos RL, Beasley MB, et al. Guidelines for
pathologic diagnosis of malignant mesothelioma
2017 update of the consensus statement from the
International Mesothelioma Interest Group. Arch
Pathol Lab Med. 2018;142:89-108.

Amin KM, Litzky LA, Smythe WR, Mooney AM,
Morris JM, Mews DJ, et al. Wilms’ tumor 1 sus-
ceptibility (WT1) gene products are selectively
expressed in malignant mesothelioma. Am J Pathol.
1995;146:344-56.

Doglioni C, Dei Tos AP, Laurino L, Iuzzolino P,
Chiarelli C, Celio MR, Viale G. Calretinin: a novel
immunocytochemical marker for mesothelioma. Am
J Surg Pathol. 1996;20:1037-46.

He C, Wang B, Wan C, Yang T, Shen Y. Diagnostic
value of D2-40 immunostaining for malignant
mesothelioma: a  meta-analysis.  Oncotarget.
2017;8:64407-16.

Sheibani K, Shin SS, Kezirian J, Weiss LM. Ber-EP4
antibody as a discriminant in the differential diag-
nosis of malignant mesothelioma versus adenocarci-
noma. Am J Surg Pathol. 1991;15:779-84.



9

Immunohistochemistry and Molecular Biology in Transbronchial Cryobiopsies

97

78

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

. Comin CE, Novelli L, Boddi V, Paglierani M, Dini
S. Calretinin, thrombomodulin, CEA, and CD15: a
useful combination of immunohistochemical mark-
ers for differentiating pleural epithelial mesothe-
lioma from peripheral pulmonary adenocarcinoma.
Hum Pathol. 2001;32:529-36.

Ordénez NG. Application of immunohistochemis-
try in the diagnosis of epithelioid mesothelioma: a
review and update. Hum Pathol. 2013;44:1-19.

Wu D, Hiroshima K, Matsumoto S, Nabeshima K,
Yusa T, Ozaki D, et al. Diagnostic usefulness of p16/
CDKN2A FISH in distinguishing between sarcoma-
toid mesothelioma and fibrous pleuritis. Am J Clin
Pathol. 2013;139:39-46.

Cigognetti M, Lonardi S, Fisogni S, Balzarini
P, Pellegrini V, Tironi A, et al. BAPl (BRCAI-
associated protein 1) is a highly specific marker for
differentiating mesothelioma from reactive mesothe-
lial proliferations. Mod Pathol. 2015;28:1043-57.
Churg A, Sheffield BS, Galateau-Salle F. New mark-
ers for separating benign from malignant mesothe-
lial proliferations: are we there yet? Arch Pathol Lab
Med. 2016;140:318-21.

Chilosi M, Zinzani PL, Poletti V. Lymphoproliferative
lung disorders. Semin Respir Crit Care Med.
2005;26:490-501.

Munari E, Rinaldi M, Ambrosetti A, Bonifacio
M, Bonalumi A, Chilosi M, et al. Absence of
TCLI1A expression is a useful diagnostic feature in
splenic marginal zone lymphoma. Virchows Arch.
2012;461:677-85.

Poletti V, Gurioli C, Piciucchi S, Rossi A, Ravaglia
C, Dubini A, et al. Intravascular large B cell lym-
phoma presenting in the lung: the diagnostic value of
transbronchial cryobiopsy. Sarcoidosis Vasc Diffuse
Lung Dis. 2015;31:354-8.

Schiavo D, Batzlaff C, Maldonado F. Pulmonary
parenchymal lymphoma diagnosed by broncho-
scopic cryoprobe lung biopsy. J Bronchology Interv
Pulmonol. 2016;23:174-6.

Yap E, Low I. Bronchoscopic transbronchial cryo-
biopsy diagnosis of recurrent diffuse large B-cell
lymphoma in the lung: a promising new tool? J
Bronchology Interv Pulmonol. 2017;24:e22-3.
Chilosi M, Lestani M, Baruzzi G, Poletti
V. Histopathological and immunohistological find-
ings in AIDS-associated lung disorders. Eur Respir
Mon. 1995;2:150-203.

Troxell ML, Lanciault C. Practical applications in
immunohistochemistry: evaluation of rejection and
infection in organ transplantation. Arch Pathol Lab
Med. 2016;140:910-25.

Hofmann-Thiel S, Turaev L, Hoffmann
H. Evaluation of the hyplex TBC PCR test for detec-
tion of Mycobacterium tuberculosis complex in clin-
ical samples. BMC Microbiol. 2010;10:95.

Chilosi M, Doglioni C. Constitutive p63 expression
in airway basal cells. A molecular target in diffuse
lung diseases. Sarcoidosis Vasc Diffuse Lung Dis.
2001;18:23-6.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Chilosi M, Poletti V, Murer B, Lestani M, Cancellieri
A, Montagna L, et al. Abnormal re-epithelialization
and lung remodeling in idiopathic pulmonary fibrosis:
the role of deltaN-p63. Lab Investig. 2002;82:1335-45.
Sheikh HA, Fuhrer K, Cieply K, Yousem S.
p63 expression in assessment of bronchioloal-
veolar proliferations of the lung. Mod Pathol.
2004;17:1134-40.

Romano RA, Ortt K, Birkaya B, Smalley K, Sinha
S. An active role of the DeltaN isoform of p63 in reg-
ulating basal keratin genes K5 and K14 and directing
epidermal cell fate. PLoS One. 2009;4:e5623.

Ficial M, Antonaglia C, Chilosi M, Santagiuliana
M, Tahseen AO, Confalonieri D, et al. Keratin-14
expression in pneumocytes as a marker of lung
regeneration/repair during diffuse alveolar damage.
Am J Respir Crit Care Med. 2014;189:1142-5.
Confalonieri M, Buratti E, Grassi G, Bussani R,
Chilosi M, Farra R, et al. Keratinl4 mRNA expres-
sion in human pneumocytes during quiescence,
repair and disease. PLoS One. 2017;12:e0172130.
Wallace WA, Howie SE, Lamb D, Salter
DM. Tenascin immunoreactivity in cryptogenic
fibrosing alveolitis. J Pathol. 1995;175:415-20.
Kuhn C, Mason RJ. Immunolocalization of SPARC,
tenascin, and thrombospondin in pulmonary fibrosis.
Am J Pathol. 1995;147:1759-69.

Greenberger PA. 7. Immunologic lung disease. J
Allergy Clin Immunol. 2008;121(2 Suppl):S393-7.
LuY, Malmhill C, Sjostrand M, Radinger M, O’Neil
SE, Lotvall J, et al. Expansion of CD4(+) CD25(+)
and CD25(—) T-Bet, GATA-3, Foxp3 and RORyt
cells in allergic inflammation, local lung distribu-
tion and chemokine gene expression. PLoS One.
2011;6:e19889.

Chilosi M, Mombello A, Montagna L, Benedetti
A, Lestani M, Semenzato G, et al. Multimarker
immunohistochemical staining of calgranulins,
chloroacetate esterase, and S100 for simultaneous
demonstration of inflammatory cells on paraffin sec-
tions. J Histochem Cytochem. 1990;38:1669-75.
Reghellin D, Poletti V, Tomassett S, Dubini A,
Cavazza A, Rossi G, et al. Cathepsin-K is a sensi-
tive immunohistochemical marker for detection of
micro-granulomas in hypersensitivity pneumonitis.
Sarcoidosis Vasc Diffuse Lung Dis. 2010;27:57-63.
Badalian-Very G, Vergilio JA, Degar BA, MacConaill
LE, Brandner B, Calicchio ML, et al. Recurrent
BRAF mutations in Langerhans cell histiocytosis.
Blood. 2010;116:1919-23.

Haroche J, Charlotte F, Arnaud L, von Deimling
A, Hélias-Rodzewicz Z, Hervier B, et al. High
prevalence of BRAF V600OE mutations in Erdheim-
Chester disease but not in other non-Langerhans cell
histiocytoses. Blood. 2012;120:2700-3.

Roden AC, Hu X, Kip S, Parrilla Castellar ER,
Rumilla KM, et al. BRAF V600E expression in
Langerhans cell histiocytosis: clinical and immuno-
histochemical study on 25 pulmonary and 54 extra-
pulmonary cases. AmJ Surg Pathol. 2014;38:548-51.



98

M. Chilosi et al.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

Chilosi M, Facchetti F, Calid A, Zamo A, Brunelli
M, Martignoni G, et al. Oncogene-induced senes-
cence distinguishes indolent from aggressive forms
of pulmonary and non-pulmonary Langerhans cell
histiocytosis. Leuk Lymphoma. 2014;55:2620-6.
Cangi MG, Biavasco R, Cavalli G, Grassini G, Dal-
Cin E, Campochiaro C, et al. BRAFV600E-mutation
is invariably present and associated to oncogene-
induced senescence in Erdheim-Chester disease.
Ann Rheum Dis. 2015;74:1596-602.

Martignoni G, Pea M, Reghellin D, Gobbo S,
Zamboni G, Chilosi M, et al. Molecular pathology
of lymphangioleiomyomatosis and other perivascu-
lar epithelioid cell tumors. Arch Pathol Lab Med.
2010;134:33-40.

Bonetti F, Chiodera PL, Pea M, Martignoni G, Bosi
F, Zamboni G, et al. Transbronchial biopsy in lymph-
angiomyomatosis of the lung. HMB45 for diagnosis.
Am J Surg Pathol. 1993;17:1092—-102.

Chilosi M, Doglioni C, Murer B, Poletti V. Epithelial
stem cell exhaustion in the pathogenesis of idio-
pathic pulmonary fibrosis. Sarcoidosis Vasc Diffuse
Lung Dis. 2010;27:7-18.

Chilosi M, Carloni A, Rossi A, Poletti V. Premature
lung aging and cellular senescence in the pathogen-
esis of idiopathic pulmonary fibrosis and COPD/
emphysema. Transl Res. 2013;162:156-73.

Selman M, Pardo A. Revealing the pathogenic and
aging-related mechanisms of the enigmatic idio-
pathic pulmonary fibrosis. An integral model. Am J
Respir Crit Care Med. 2014;189:1161-72.
Thannickal VI, Murthy M, Balch WE, Chandel NS,
Meiners S, Eickelberg O, et al. Blue journal confer-
ence. Aging and susceptibility to lung disease. Am J
Respir Crit Care Med. 2015;191:261-9.

Carloni A, Poletti V, Fermo L, Bellomo N, Chilosi
M. Heterogeneous distribution of mechanical
stress in human lung: a mathematical approach to
evaluate abnormal remodeling in IPF. J Theor Biol.
2013;332:136-40.

Minagawa S, Araya J, Numata T, Nojiri S, Hara H,
Yumino Y, et al. Accelerated epithelial cell senes-
cence in IPF and the inhibitory role of SIRT6 in
TGF-B-induced senescence of human bronchial epi-
thelial cells. Am J Physiol Lung Cell Mol Physiol.
2011;300:L391-401.

Yanai H, Shteinberg A, Porat Z, Budovsky A,
Braiman A, Zeische R, et al. Cellular senescence-
like features of lung fibroblasts derived from idio-
pathic pulmonary fibrosis patients. Aging (Albany
NY). 2015;7:664-72.

Schafer MJ, White TA, lijima K, Haak AJ, Ligresti G,
Atkinson EJ, et al. Cellular senescence mediates fibrotic
pulmonary disease. Nat Commun. 2017;8:14532.
Yamaguchi M, Hirai S, Tanaka Y, Sumi T, Miyajima
M, Mishina T, et al. Fibroblastic foci, covered with
alveolar epithelia exhibiting epithelial-mesenchymal
transition, destroy alveolar septa by disrupting blood
flow in idiopathic pulmonary fibrosis. Lab Investig.
2017;97:232-42.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

Kaarteenaho-Wiik R, Tani T, Sormunen R, Soini Y,
Virtanen I, Paidkko P. Tenascin immunoreactivity as
a prognostic marker in usual interstitial pneumonia.
Am J Respir Crit Care Med. 1996;154:511-8.
Chilosi M, Calio A, Rossi A, Gilioli E, Pedica
F, Montagna L, et al. Epithelial to mesenchymal
transition-related proteins ZEB1, f-catenin, and
B-tubulin-III in idiopathic pulmonary fibrosis. Mod
Pathol. 2017;30:26-38.

Chilosi M, Poletti V, Zamo A, Lestani M, Montagna
L, Piccoli P, et al. Aberrant Wnt/beta-catenin path-
way activation in idiopathic pulmonary fibrosis. Am
J Pathol. 2003;162:1495-502.

Chilosi M, Zamo A, Doglioni C, Reghellin D,
Lestani M, Montagna L, et al. Migratory marker
expression in fibroblast foci of idiopathic pulmonary
fibrosis. Respir Res. 2006;7:95.

Chilosi M, Murer B, Poletti V. Usual interstitial
pneumonia. In: Zander S, Popper HH, Jagirdar J,
Haque AK, Cagle PT, Barrios R, editors. Molecular
pathology of lung diseases. Berlin: Springer; 2008.
p. 607-15.

Willis BC, Liebler JM, Luby-Phelps K, Nicholson
AG, Crandall ED, du Bois RM, et al. Induction of
epithelial-mesenchymal transition in alveolar epi-
thelial cells by transforming growth factor-betal:
potential role in idiopathic pulmonary fibrosis. Am
J Pathol. 2005;166:1321-32.

Seibold MA, Wise AL, Speer MC, Steele MP, Brown
KK, Loyd JE, et al. A common MUC5B promoter
polymorphism and pulmonary fibrosis. N Engl J
Med. 2011;364:1503-12.

Seibold MA, Smith RW, Urbanek C, Groshong SD,
Cosgrove GP, Brown KK, et al. The idiopathic pul-
monary fibrosis honeycomb cyst contains a muco-
ciliary pseudostratified epithelium. PLoS One.
2013;8:e58658.

Plantier L, Crestani B, Wert SE, Dehoux M,
Zweytick B, Guenther A, et al. Ectopic respiratory
epithelial cell differentiation in bronchiolised distal
airspaces in idiopathic pulmonary fibrosis. Thorax.
2011;66:651-7.

Alder JK, Chen JJ, Lancaster L, Danoff S, Su SC,
Cogan JD, et al. Short telomeres are a risk factor for
idiopathic pulmonary fibrosis. Proc Natl Acad Sci U
S A.2008;105:13051-6.

Mathai SK, Yang IV, Schwarz MI, Schwartz
DA. Incorporating genetics into the identification
and treatment of idiopathic pulmonary fibrosis.
BMC Med. 2015;13:191.

Kaur A, Mathai SK, Schwartz DA. Genetics in idio-
pathic pulmonary fibrosis pathogenesis, prognosis,
and treatment. Front Med (Lausanne). 2017;4:154.
Schwartz DA. Idiopathic pulmonary fibrosis is a
complex genetic disorder. Trans Am Clin Climatol
Assoc. 2016;127:34-45.

Travis WD, Costabel U, Hansell DM, King TE
Jr, Lynch DA, Nicholson AG, et al. An official
American Thoracic Society/European Respiratory
Society statement: update of the international



9

Immunohistochemistry and Molecular Biology in Transbronchial Cryobiopsies

99

133.

134.

multidisciplinary classification of the idiopathic
interstitial pneumonias. Am J Respir Crit Care Med.
2013;188:733-48.

Rosenbaum JN, Butt YM, Johnson KA, Meyer K,
Batra K, Kanne JP, et al. Pleuroparenchymal fibro-
elastosis: a pattern of chronic lung injury. Hum
Pathol. 2015;46:137-46.

Oda T, Ogura T, Kitamura H, Hagiwara E, Baba T,
Enomoto Y, et al. Distinct characteristics of pleu-

135.

roparenchymal fibroelastosis with usual interstitial
pneumonia compared with idiopathic pulmonary
fibrosis. Chest. 2014;146:1248-55.

Enomoto Y, Matsushima S, Meguro S, Kawasaki
H, Kosugi I, Fujisawa T, et al. Podoplanin-positive
myofibroblasts: a pathologic hallmark of pleu-
roparenchymal  fibroelastosis. ~ Histopathology.
2018;72:1209-15.



	9: Immunohistochemistry and Molecular Biology in Transbronchial Cryobiopsies
	9.1	 Introduction
	9.2	 Immunohistochemistry in Neoplastic Pulmonary Pathology
	9.2.1	 Immunohistochemical Markers in the Diagnosis of Lung Carcinomas
	9.2.1.1	 Markers of Pulmonary Epithelial Differentiation (Fig. 9.2)
	9.2.1.2	 MUC5AC a Marker of Airway Goblet Cells
	9.2.1.3	 p63 Truncated Isoforms: A Marker of Squamous Metaplasia
	9.2.1.4	 Predictive Markers

	9.2.2	 Pleural Pathology (Fig. 9.3)
	9.2.3	 Immunohistochemical Markers in the Diagnosis of Pulmonary Lymphomas

	9.3	 Immunohistochemistry in Nonneoplastic Pulmonary Pathology
	9.3.1	 Immunohistochemical Markers in the Diagnosis of Lung Infections (Fig. 9.4)
	9.3.2	 Immunohistochemical Markers in the Diagnosis of Interstitial Lung Diseases
	9.3.3	 Macrophage Markers and Pathology
	9.3.3.1	 BRAF-Related Histiocytoses


	9.4	 Lymphangioleiomyomatosis
	9.4.1	 Immunohistochemistry in the Diagnosis of Idiopathic Pulmonary Fibrosis and DPLD
	9.4.1.1	 Microscopic Honeycomb Lesions
	9.4.1.2	 Molecular Analysis in IPF


	9.5	 Diffuse Alveolar Damage (DAD)
	9.6	 Pleuroparenchymal Fibroelastosis (PPFE)
	References




