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Introduction:

Immunohistochemistry (IHC) or Immunocyto
chemistry  is a method for localizing specific antigens in
tissues or cells based on  antigen-antibody reaction. It seeks
to exploit the specificity provided by the binding of an
antibody with its antigen at the light microscopic level1.
Over the last several decades, an impressive array of
antibodies has become commercially available and many
of the antibodies have become integrated in to the routine
practice of pathology. Pathologic classification of lung cancer
remains a critical cornerstone of decision-making in
managing patients with lung cancer. Newer targeted
therapies further underscore the need for correct
classification, both to select patients likely to benefit from
these therapies and to avoid potential adverse effects of
individual agents when used in patients with specific
histologic types of cancers. The increasingly common use
of bronchoscopic samples, core-needle biopsies and fine-
needle aspiration samples have posed challenges to the
pathologist in achieving accurate and definitive diagnosis2.
IHC is widely used by the pathologist in modern pathology
practice. The awareness of IHC and its specific use will
be very useful for the pulmonologist for making a correct
and more specific diagnosis. IHC is a commonly used
effective  adjuvant technique in diagnosing primary and
metastatic neoplasms of the lung and pleura. Because of
its relative ease of use and specificity, IHC has largely
replaced histochemistry and electron microscopy in
diagnosing pulmonary and pleural neoplasms. Even though
most primary lung cancers can be diagnosed by histologic

criteria alone, it becomes difficult when they are poorly
differentiated or clinical situations become complicated.
IHC techniques are often used to confirm or eliminate a
pathological diagnosis. In addition, many metastatic tumors
are morphologically similar to primary lung and pleural
tumors and IHC is an effective way to distinguish them.
Even though IHC has come in to wide use in diagnostic
pathology since 1990s, the knowledge about different
immunostains and its specific role for the accurate diagnosis
is poor among practicing pulmonologists. Unless the
physician who is evaluating a  patient with pulmonary
disease gives the detailed clinical history and diagnostic
possibilities the pathologist may not be able to do the specific
immunomarker. IHC can be performed on a recut section
of a paraffin embedded or frozen tissue block or on a
cytologic preparation such as a smear or cytospin.

Role of Inmmunohistochemistry in
Respiratory diseases

1. Small cell carcinoma Vs Non small cell lung cancer

2. Squamous cell carcinoma Vs Adeno carcinoma

3. Primary pulmonary or Metastatic adenocarcinoma

4. Epitheloid Mesothelioma or Adenocarcinoma

5. Mesothelioma or Squamous cell carcinoma

6. Spindle cell neoplasms

7. Diagnosis of Lymphoma

8. Detection of primary in metastatic carcinoma

9. Pulmonary neuroendocrine tumors

10. Non neoplastic pulmonary diseases
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Common Immunohistochemical  Markers
for lung neoplasms

Thyroid Transcription Factor-1 (TTF-1)

Adenocarcinoma is the most common epithelial
malignancy in lung. Adenocarcinoma account for 38%of
all lung cancers in the United States9,10. Sub classification
of adenocarcinomas according to primary site can be a
challenging task. Thyroid transcription factor-1 (TTF-1)
has been the most widely used antibody to identify
pulmonary origin. Greater than 80% of adenocarcinoma
express this protein.TTF 1 is a nuclear transcription factor
that is expressed in normal lung, in thyroid and in their
neoplasms. In normal lung tissues, TTF-1 is expressed in
the nuclei of epithelial cells in the distal lung parenchyma,
type 2  pneumocytes, and nonciliated bronchiolar cells
(Claracells)6. Expression of TTF-1 by a tumor in the lung
usually indicates a pulmonary or thyroid carcinoma. These
two alternatives can usually be differentiated based on
additional staining for the surfactant protein B (positive
in many lung adenocarcinomas) and thyroglobulin (positive
in many thyroid cancers). TTF-1 is a highly specific
immunomarker for adenocarcinoma of the lung and
malignant effusion3. Su YC etal found that 73% of primary
lung adenocarcinomas expressed TTF-1, whereas all
nonpulmonary adenocarcinomas except thyroid  lacked
TTF-1 staining.

 Metastatic tumors are more common than primary
tumors in the lung, and the most frequent histological
type is adenocarcinoma4. Microscopic comparison of the
pulmonary tumor with slides of the previous tumor can
frequently help to  differentiate primary from metastatic
tumor5.In other cases judicious use of other immunostains
will help to identify the primary site.

Cytokeratin(CK)
Carcinoma demonstrate epithelial characteristics

including production of cytokeratins and epithelial
differentiation is therefore usually reflected by staining
for one or more CKs. Cytokeratin7 (CK7) and Cytokeratin
20 (CK20) are the most commonly used cytokeratin markers.
CK7 is expressed by almost all primary lung
adenocarcinomas and CK 20 is usually negative, even though
it is co expressed in less than 10%primary mucinous
adenocarcinomas11. Metastatic adenocarcinoma from an

unknown primary site is a common clinical problem. The
use of CK20 and CK7 was proposed to identify the primary
sites in this situation8. If the primary site of malignancy
is lung, breast, ovary or thyroid CK 7 will be positive and
CK20 negative. Colorectal cancers will be negative for CK7
and positive for CK20. Mesotheliomas are also CK positive,
but they stain positive for other mesothelial markers such
as Calretinin, WT-1 and Vimentin also. Melanoma and
lymphoma are negative for CK. Some sarcomas especially
synovial sarcoma and rarely  angiosarcoma and
leiomyosarcoma can also be positive for CK. Small cell
carcinomas show paranuclear dot positivity for cytokeratin.

Other immunomarkers
Surfactant protein B - adenocarcinoma

p63,CK 5/6 - squamous cell carcinoma

WT-1,Calretinin, Vimentin, Mesothelin - Mesothelioma

S 100 - Nerve sheath tumors, Melanoma

CDX2 - Colorectal carcinoma

PE 10 - Bronchoalveolar carcinoma

CD34- Solitary fibrous tumor

Synaptophysin, CD56, Neuron specific Enolase (NSE)
and Chromogranin A - Neuroendocrine tumors including
small cell carcinoma

CD45 (LCA)    - lymphoma

Application of IHC in diagnosis of lung
cancer

1.   Small cell lung cancer (SCLC) Vs Non
small cell lung cancer (NSCLC)

In most cases, SCLC can be differentiated from NSCLC
by morphologic criteria. However, biopsy crush artifact,
tumor necrosis, poor fixation, and limited tumor
representation can occasionally result in suboptimal
morphology, making definitive diagnosis more difficult2.
Cytokeratin (CK) immunostaining show paranuclear dot
positivity in most of the cases of SCLC12. Commonly used
immunostains for detecting neuroendocrine differentiation
are chromogranin, synaptophysin and CD5613. Recognizing
the fact that an individual tumor may stain with one, several,
or none of these markers, many pathologists order two
or three of the neuroendocrine markers to increase the
probability of detecting neuroendocrine differentiation.
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Distinguishing SCLC from large cell neuroendocrine
carcinoma (LCNEC) on occasion can be difficult, since
SCLC and LCNEC overlap in their histologic and
immunophenotypic characteristics. Hiroshima K etal
reported more frequent CD56 expression in SCLC (96%)
than LCNEC (53%), whereas synaptophysin was expressed
in 77% of LCNECs and 57% of SCLCs, and chromogranin
A in 59% of LCNECs and 36% of SCLCs14

2. Squamous cell carcinoma Vs Adeno
carcinoma

The differentiation in to Squamous cell carcinoma
or Adeno carcinoma is important for targeted therapies
and further genetic evaluation. TTF-1 and napsin-A will
be positive in 90% of pulmonary adenocarcinoma. Squamous
cell carcinoma is almost always negative for TTF-1. P63
and CK5/6 are valuable in confirming squamous cell
carcinoma.15

3.  Primary Pulmonary Vs Metastatic
Adenocarcinoma

Metastatic neoplasms are more common than primary
tumors of lung. Detailed history with image findings must
be provided to the pathologist along with the specimen
and any past history of malignancy and its reports must
be communicated. In difficult situation IHC is of immense
value in differentiating primary pulmonary or metastatic
tumors. Thyroid transcription factor-1 (TTF-1) has been
the most widely used antibody to identify pulmonary origin.
More than 80% of pulmonary adenocarcinoma express
this protein. Extra pulmonary adenocarcinomas except
thyroid are usually negative for TTF-1. Although TTF-1
immunohistochemistry has clearly advanced the diagnosis
of primary and metastatic adenocarcinomas in the lung,
antibodies to napsin-A and surfactant protein B have also
demonstrated its usefulness for this purpose. 80% of primary
adenocarcinoma stain positive for napsin-A. The combined
use of napsin A or surfactant protein B and TTF-1 may
improve the likelihood of confirming pulmonary origin
of an adenocarcinoma16.

4.  Mesothelioma Vs Adenocarcinoma

The important differential diagnosis of pleural
malignant epithelial tumors are  malignant mesothelioma

and metastasis. IHC is now an integral part of the diagnosis
of malignant mesothelioma. Unfortunately, despite extensive
investigation, there is no immunostain that can reliably
differentiate mesothelial hyperplasia from malignant
mesothelioma, and this remains a topic of continued
interest17. Currently, the most commonly used mesothelial
markers include antibodies to CK5/6, Calretinin and
Vimentin. Anti-podoplanin (D240) is also gaining popularity
and is an emerging marker that is highly sensitive and
specific for epitheliod mesothelioma18. Epithelioid
mesotheliomas are more likely to stain for these markers
than sarcomatoid mesotheliomas19. Adenocarcinomas, on
the other hand, are usually positive for one or more of
the following antibodies: Carcino embryonic antigen (CEA),
Leu-M1, B72.3 20.

5. Mesothelioma vs Squamous cell
carcinoma

Squamous cell carcinoma can also present as pleural
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or subpleural mass and may mimic a mesothelioma both
clinically and radiologically. True keratinisation and p63
staining is highly suggestive of squamous cell carcinoma.
Negative p63 and positive calretinin are diagnostic of
mesothelioma

6. Solitary fibrous tumor of pleura(SFT)

Pleuropulmonary fibrous tumor of pleura is a rare
mesenchymal cell tumor which has gained importance
during the last two decades. SFT originate from the
submesothelial tissue of pleura. Fibrous tumor of pleura
is positive for CD34 in most of the cases and some of the
tumors are also positive for Bcl-2, smooth muscle actin,
Desmin, Leu 7 and Vimentin21.

7. Spindle Cell Neoplasms

The lung and pleural neoplasm with spindle cell
morphology include sarcomatoid and pleomorphic
carcinomas, sarcomatoid and biphasic mesotheliomas, true
sarcomas and melanoma. A neoplasm arising in lung and
consisting of spindled cells is most often a sarcomatoid
carcinoma. But sarcomatoid carcinoma of the lung is rare,
and its incidence is estimated as 0.3-1.3% of all lung
malignancies 22, 23,.

IHC by itself may not always be definitive in resolving
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the exact differential diagnosis in case of spindle cell
neoplasm. In pleura, mesothelioma, metastases from other
carcinomas, synovial sarcoma, angiosarcoma and
leiomyosarcoma are other possibilities. Cytokeratin is
positive for 90% of sarcomatoid carcinoma. Cytokeratin
(65%) and Bcl2 are used for synovial sarcoma. Desmin,
Smooth muscle actin (SMA) and Muscle specific actin (MSA)
are the markers for leiomyosarcoma. CD34 and CD31 are
useful for angiosarcoma. If melanoma is suspected S100,
HMB 45 and melan-A is advisable.

EGFR (Epidermal Growth Factor Receptor
Gene)

Among the targeted therapies the most widely used
for the treatment of lung cancers are currently the EGFR
tyrosine kinase inhibitors. Epidermal growth factor pathway
has been found to be activated in a significant percentage
of lung cancers, particularly adenocarcinomas. Mutations
that lead to EGFR over expression or over activity have
been associated with a number of cancers, including lung
cancer24.

High EGFR expression by IHC can identify patients
who may benefit from tyrosine kinase inhibitors25.
Identification of those patients with lung cancer who have
EGFR mutations in advance can not only determine which
patients will benefit from EGFR TKIs but also identify
those patients who will not benefit from standard cytotoxic
chemotherapy and also spare them from the potential
complications of these drugs.

8. IHC for non neoplastic Pulmonary diseases

The role of immunohistochemistry in the diagnosis
of non neoplastic respiratory diseases is limited. A number
of studies are available in the literature looking to the
utility of IHC in non neoplastic respiratory diseases.
Musthafa et al reported that Immuno histochemistry with
anti-MPT64 antiserum is a rapid, sensitive, and specific
method for establishing an etiological diagnosis of
tuberculosis in histologic specimens26. Ki67 monoclonal
antibody for sarcoidosis27, Cathepsin-K for detection of
micro-granulomas in hypersensitivity pneumonitis 28,
Langerin and CD1a markers in distinguishing LCH from
other interstitial and inflammatory processes29. N-cadherin,
Ki-67, PI3K and p110 marker expression in IPF30. are few
immunomarkers identified.

Conclusion.

Immunohistochemistry represents an important
complementary tool for the routine diagnosis of lung cancer
and for the identification of the different histological types
and prognostic factors. Targeted therapy for lung cancer
has emerged as an important component for the treatment
of defined groups of patients and immunohistochemistry
is among the techniques that have been investigated for
their usefulness in identifying patients whose tumors are
likely to respond to individual agents. IHC  is an invaluable
tool for the pathologist in resolving the diagnostic issues
in lung tumors. The awareness among the practising
pulmonologists is vital because proper clinical details and
discussion will direct the pathologist to choose the correct
IHC.

CK 7
TTF1
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