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1.1 Expression Pattern
and Diagnostic Pitfalls

The following chapters provide an overview of
the most common immunohistochemical mark-
ers used for tumor diagnosis in addition to the
immunoprofile of the most common tumors. The
expression pattern of targeted antigens is also
listed as an important factor to consider in the
interpretation of the immunohistochemical stains
and includes the following expression (stain)
patterns:

1. Nuclear staining pattern: characteristic for
antigens expressed in cellular nuclei or on the
nuclear membrane. Good examples for this
expression pattern are transcription factors
and steroid hormone receptors.

2. Cytoplasmic staining pattern: characteristic
for antigens located in the cytoplasm.
Common examples are the cellular skeletal
proteins such as vimentin, actin, desmin, and
cytokeratins. Some antigens display a further
restricted cytoplasmic staining pattern and
stain-specific organelles, as, e.g., mitochon-
dria (leading to a granular cytoplasmic stain-
ing) or the Golgi apparatus (unilateral
perinuclear pattern).

3. Membrane staining pattern: characteristic for
antigens located within the cell membrane,
typical examples are the majority of CD
antigens.
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4. Extracellular staining pattern: this pattern is
characteristic for extracellular and tissue
matrix antigens in addition to the cell secre-
tion products such as collagens and CEA.

It is noteworthy to mention that some anti-
gens have different expression patterns depend-
ing on cell cycle phase or on differentiation
stage such as the immunoglobulin expression
in lymphoid tissue. Other antigens have a
unique expression pattern characteristic for
some tumors.

Finally, it is important to remember that the
interpretation of immunohistochemical results
is not the description of positive or negative
stains. The conventional H&E morphology of
the tumor in addition to the characteristics of
each antibody and the expression pattern of tar-
geted antigens must be considered as well as
the results of internal positive and negative con-
trols, which may be present in examined tissue
sections.

1.2 Immunohistochemical
Pathways for the Diagnosis
Primary Tumors

and of Metastasis

of Unknown Primary Tumors

Because of the large number of available antibod-
ies for immunohistochemical antigen profiling of
tumors, it is important to choose an initial infor-
mative screening antibody panel. For the choice
of such initial diagnostic panel, the histomor-
phology of the examined tumor, the tumor loca-
tion and clinical data, as well as the specificity
and the sensitivity of the available antibodies
must be considered.

For tumors with an ambiguous morphology or
tumors with undetermined histogenic differentia-
tion, we found that the most informative, time-,
and money-saving primary panel consists of anti-
bodies reacting with epithelial, mesenchymal,
neural, and hematopoietic cell lines (Algorithm
1.1) [1-4].

The following panel is an example for an ini-
tial screening panel:

Pan-cytokeratin (cytokeratin cocktail)
LCA (leukocyte common antigen)

S100 and HMB45 (or melanoma cocktail)
Oct4/SALL-4

Vimentin

hAEE ol

Other tissue-specific markers can be added if
the morphology of the tumors favors any differ-
entiation line.

If tumors reveal the small round blue cell mor-
phology, another screening antibody panel is nec-
essary and can include the following antibodies
(Algorithm 1.2):

1. S100

2. Pan-cytokeratin (cytokeratin cocktail)

3. Desmin and/or myogenic transcription
factors

4. LCA

5. CD99

6. CD56

This panel can be modified according to the
age of the patient, tumor location, and clinical
history. Adding one or more of tissue- or organ-
specific markers to the initial diagnostic panel
can give additional valuable diagnostic
information.

For orientation, we suggest a group of diagnos-
tic algorithms to ease solving the most common
diagnostic  problems (Algorithms 1.1-1.13).
According to the results obtained from the initial
algorithm, a second panel with more selective anti-
bodies can be assembled using tissue and/or tumor-
specific markers for the final histopathologic
diagnosis. The immunohistochemical conclusion
must be made considering the histomorphology of
the tumor and the expression profile of all antibod-
ies in the used panel and always to remember that
there is no antibody exclusively specific for a cer-
tain tissue type or particular tumor entity.

In the following 13 algorithms, general
screening antibodies are placed in blue boxes,
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more specific antibodies in red boxes, and the aberrant expression of different antigens, which
most probable diagnosis in green ones. It is may cause misdiagnosis. Finally, all immuno-
important to remember that the immunoprofile histochemical markers have to be interpreted in
of tumors may be a subject of exceptions or the appropriate morphological context.

Leucocyte common antigen Vimentin
(LCA)

Pan-Cytokeratin

See panels 1.3,
1.4

Germ cell tumors
(see individual
[ELES]

Epithelial tumors / Cytokeratin positive Lympho
Carcinoma non-epithelial tumors (see lymphoma

(see carcinoma (see panel 1.4) panels)
pannels)

Pan-Cytokeratin + CD6§
Fascin

Pan-Cytokeratin -

HMB45
Melan A

. Tyrosinase Histiocytic /
- Small cell-, endocrine- & SOX-10 dendritic cell

neuroendocrine carcinomas tumors
- Myoepithelial tumors (see panel 1.13)
- Granulosa cell tumor
(see individual panels)

- Neuroectodermal tumors
- Nerve & nevrve sheat
tumors
- Neuroblastoma
- Cartilaginous tumors
- Lipomatous tumors
(see individual panels)

- Melanoma
- Clear cell sarcoma

Algorithm 1.1 Primary Screening Antibody Panel

Leucocyte common antigen Pan-Cytokeratin

(LCA)

Desmin

NSE ; Lymphoma
NB84 (see lymphoma
CDs56 panels)
Neurofila-
ments Melanoma
NKX2.2

Desmin
WT-1
PNET/ B-/T-ALL Small cell
" (see lymphoma a
Ewing's panels) carcinoma
Myogenin Sarcoma
Myo D1
Desmoplastic small
round cell tumor

Neuroblastoma

Embryonal
Rhabdomyosarcoma

Algorithm 1.2 Antibody Panel for Tumors with Small Round Blue Cell Morphology
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Vimentin +/Pan-Cytokeratin -

Fibrosarcoma

Osseous tumors /
Solitary fibrous Osteosarcoma
tumor

Osteonectin
Osteopontin
SATB-2

PNET/
Ewings
sarcoma HMB45
Melan A
Tyrosinase
Sloal

Endothelial tumors

- Neuroectodermal tumors

- Nerve & nevrve sheat

tumors
- Neuroblastoma

- Cartilaginous tumors Melanoma
- Lipomatous tumors

sm-Actin (see individual panels)

Calponin
h-Caldesmon

HMB45
Melan A

Smooth muscle tumors /
Leiomyosarcoma

Mast cell
disease

PEComa
Myofibroblastic tumors

Rhabdomyosarcoma

Algorithm 1.3  Cytokeratin-Negative Tumors

Vimentin +
Pan-Cytokeratin +/-

Epitheloid Carcinoma

.. sarcoma (See panel 1.5)
Calretinin

Mesothelin
Germ cell Thrombomodulin

tumors : . :
(See panel S0 A Desmin Monophasic WT-1

13.1) Smoothelin epithelioid &
Transgelin biphasic synovial
h-Caldesmon sarcoma Inhibi
Calponin LU - Mesothelioma
- Adenomatoid tumor

Desmoplastic small

round cell tumor _ _
Neuroendocrine carcinoma Brachyury

Leiomyosarcoma

Chordoma

- Sex cord stromal tumors
- Adrenocortical tumors

oriocarcinol

Algorithm 1.4 Tumors with Cytokeratin/Vimentin Co-expression



1.2 Immunohistochemical Pathways for the Diagnosis Primary Tumors 5

Pan-Cytokeratin +
Vimentin +/-

Metaplastic Estrogen receptors Parathyroid hormone
carcinoma PAX-8 GATA-3

Endometroid

carcinoma Parathyroid

neoplasms

Arginase
Thyroglobin Calcitonin Hep Par 1

PAX-8 AFP
Glypican-3

Medullary thyroid
Follicular thyroid carcinoma

carcinoma Hepatocellular carcinoma

Collecting duct
carcinoma
Papillary thyroid
carcinoma

Chromophobe renal cell

Papillary renal cell Clear cell renal cell :
carcinoma

carcinoma carcinoma

Algorithm 1.5 Carcinomas with Cytokeratin/Vimentin Co-expression

Pan-Cytokeratin +

CK7 +/CK20 - CK7 - /CK20 -

(see panel 1.7) (see panel 1.8)

Uroplakin

GATA-3
Polyoma virus

- Transitional cell carcinoma

= (EHEmGET Wiy Merkel cell carcinoma

Endocervical adenocarcinoma CDX-2
SATB-2
Villin

Mucinous ovarian carcinoma
Villin

- : Colorectal adenocarcinoma
Pancreatobiliary adenocarcinoma

Gastric adenocarcinoma

Algorithm 1.6 CK7/CK20 Expression Pattern in Carcinomas
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CK7 +/CK20 -

CK 5/6/14
p63

Gastric/esophageal
adenocarcinoma -Salivary gland tumors
-Tumors of skin adnexa

Estrogen &

Progesterone
receptors

Calcitonin
(617.

Salivary gland

Th lobi
yroglobin o

PAX-8

Squamous cell

carcinoma
Pulmorary

Medullary thyroid adenocarcinoma

carcinoma

Follicular thyroid
carcinoma

Mammaglobin PAX-8
GATA-3

GCFP15 Endometroid
carcinoma

Breast carcinoma

Serous ovarian carcinoma

Algorithm 1.7 Cytokeratin CK7+/CK20— Carcinoma

Pan-Cytokeratin +
CK7 -/CK20 -

CK5/6/14
p63/p40

CKs8/18
CK19

- Granulosa-/
Androgen receptors Sertoli-/ Leydlg

cell tumors
Chromogranin

Synaptophysin

- Adrenocortical
tumors

Apocrine
Hormones of carcinoma
endocrine
panceas
(Insulin, gastrin,
glucagon,
somatostatin, VIP)
PAX-6
PAX-8
SATB-2

Neuroendocrine tumors of
gastrointestinal tract

Pulmonary neuroendocrine
tumors

Endocrine tumors of pancreas
- Seminoma
- Dysgerminoma

Algorithm 1.8 Cytokeratin CK 7—/CK 20— Carcinoma
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Lymphoid neoplasia of B- cell type

CD19, CD20, CD79¢., PAX5

Splenic

marginal zone
lymphoma

- Nodal marginal
zone lymphoma
-Marginal zone

lymphoma of
MALT type

Precursor B
lymphobla:
lymphoma

Cyclin D1
SOX11

CD11c
CD103

TRAP
BRAF

Annexin
Al

CD5 +/-
CD10 +/-
CD30 +/-

Pediatric
follicular
lymphoma

Burkitt
lymphoma

Follicular lymphoma

Diffuse large B-
cell lymphoma
(NOS)

B-cell
prolymphocytic
leukemia

Mediastinal large B-cell lymphoma

Mantle cell
lymohoma

Algorithm 1.9 B-cell Neoplasms

CD38
CD138
Vs38c
MUM1
Kappa/lambda
light chain

- Monoclonal gaopathy of umdetermined significance (MGUS)
- Plasma cell myeloma
- Solitary plasmacytoma of bone
- Extraosseous plasmacytoma
- Monoclonal immunoglobulin deposition diseases

Algorithm 1.10 Plasma Cell Neoplasms



1 Immunohistochemistry in Tumor Diagnostics

Lymphoid neoplasms of T- cell type

CD2, CD3

Precurcer T-
lymphoblastic
lymphoma

- Primary cutaneous CD30+ T-
cell lymphoproliferative
disorders

- Anaplastic large cell
lymphoma, ALK -

- Adult T- cell ymphoma
- Mycosis fungoides

- Angioimmunoblastic T-cell
lymphoma

Algorithm 1.11 T-cell Neoplasms

Leucocyte common antigen

(LCA; CD45)

Peripheral
T- cell ymphoma

(NOS) T- cell
prolymphocytic

leukemia

- Subcutaneous panniculitis like
T- cell lymphoma

- Hepatosplenic T- cell ymphoma

- Enteropathy-associated T- cell
lymphoma

-T- cell large granular lymphocytic
leukemia

- Indolent T- cell lymphoproliferative
disorder of the Gl tract

Anaplastic large cell ymphoma, ALK+

B-cell associated antigens

CD19, CD20, CD79a. CD2, CD3

Lymphoma of B-cell type
(see panel 9)

Algorithm 1.12 T/NK-cell Neoplasms

T-cell associated antigens

CD56, CD2
Cytotoxic molecules
Cytoplasmic CD3

CD7

Lymphoma of T-cell type
(See panel 11)

- NK- cell lymphoma:
- Aggressive NK- cell leukemia
- Extranodal NK/T- cell lymphoma, nasal type
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Algorithm 1.13

CD1a
Langerin
(CD207)

Langerhans cell histiocytosis

Histiocytic and Dendritic Cell Tumors
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