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Immunohistochemistry
in cancer biomarker
research

The impact of cancer biomarkers on the progression and implementation of
cancer research has been vast. Cancer biomarkers play a pivotal role in research,
from identifying new biomarkers for improved diagnostics and drug development
to validating biomarkers across cancer types and stages or prioritizing targets for
translation to preclinical research. Biomarkers have become central to targeted
drug development and patient segmentation, with clinical trials incorporating
biomarkers being more likely to succeed than those without biomarkers'.
Continuing research in this field offers hope for new biomarkers and increased
validation and applications of current biomarkers to improve diagnostics and
therapeutics for all cancer types.

IHCis a hugely popular tool in cancer research and remains the gold standard in
clinical cancer diagnostics. Each type of cancer is associated with specific protein
biomarkers that can be identified via IHC to offer a powerful tool for investigating
tumor development and responses. Using this technique, researchers can identify
the histogenesis of tumors, stage tumors, predict tumor prognosis, and predict
and monitor therapeutic response. Knowing the utilities and pitfalls of each
tumor-associated biomarker is essential to avoid potential diagnostic errors, as no
absolutely cancer-specific biomarker exists.

These tests can be run quickly, easily, and at a low cost compared to other
diagnostic methods. IHC is thus a robust and reliable technique and, with a
good panel of specific biomarkers, is ideal for rapid clinical diagnosis.

Choosing an antibody for IHC

Whatever cancer type you are interested in, an essential starting pointis the use
of a sensitive, specific, and consistent IHC antibody. Antibody validation is key to
ensuring antibody specificity and reproducibility. We use a variety of experimental
applications to validate our antibodies, including IHC, and many of the antibodies
on our catalog will state that they are suitable for use in IHC.

For consistent results between your IHC experiments and to ensure the long-term
viability of your research, we recommend using an antibody generated using
recombinant technology (i.e. recombinant antibodies). These antibodies are
developed in vitro and do not rely on an animal’s immune system for production,
meaning that batch-to-batch, they deliver consistency of performance.

In this guide, we have included a number of the most common cancer types:
breast, lung, colorectal, prostate, ovarian, and pancreatic cancer, and a range of
emerging and approved biomarkers for diagnosis, prognosis and therapeutic
monitoring.

Here you can find the right biomarker for your research and select the most highly
recommended antibody for use in IHC.

Learn more at www.abcam.com/cancer 4
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Biomarkers of cancer
metastasis

ABL1 PIK3CD
CDH1 ROCK1
FOS STAT3
MMP2 PEG10
PAK4 FAT1

Metastasis involves the spread of cancer from the primary tumor to distant tissues
and organs. This process is a significant factor in the determination of cancer
morbidity and a characteristic of cancer malignancy.

IHC has become an important application for identifying and classifying
carcinomas of unknown primary site’. The prediction of the metastatic potential
of atumor isimportant and could allow for personalized therapy at an early stage
to better treat cancers. Accurate biomarkers of metastasis thus represent an
enormous advance in the potential clinical treatment of cancer. The use of these
cancer biomarkers in the clinic could help to detect the initial stages of metastasis,
preferred sites of cancer metastasis and the probability of cancer recurrence.

The metastatic cascade can be separated into three main processes:

— Invasion occurs as tumor cells acquire the ability to penetrate surrounding
tissues, passing through the basement membrane and extracellular matrix.

— Intravasation involves the penetration of the lymphatic or vascular system by
the motile tumor cells.

— Extravasation involves the journey of metastatic cancer cells through
the circulatory system to invade the vascular basement membrane and
extracellular matrix at a secondary site.

Learn more at www.abcam.com/cancer 6
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Extracellular matrix changes

To dissociate from the primary tumor mass and invade the surrounding stroma,
metastatic cancer cells must undergo the loss of cell-cell adhesion and changesin
cell-matrix interactions?. These changes include the secretion of heparanases and
matrix metalloproteinases to degrade the basement membrane and extracellular
matrix (ECM) and the expression/suppression of proteins involved in motility and
migration.

Many metastatic biomarkers have been associated with the dysregulation of the
ECM to promote metastasis. The tight junction transmembrane protein Claudin-7
is utilized as a prognostic biomarker in the analysis of invasive ductal breast cancer
and is being explored as a cancer biomarker to distinguish chromophobe renal cell
carcinoma from other renal tumor subtypes3.

Claudin-1 expression is used as a prognostic biomarker and potential drug target
forlung adenocarcinoma cases*. E-Cadherin and Vimentin have been described as
prognostic biomarkers for patients with non-small cell lung cancer treated

with erlotinib®.

Epithelial to mesenchymal transition

Epithelial to mesenchymal transition (EMT) is a staged process where epithelial
cells lose cell polarity and adhesion and transition to an invasive, metastatic
cell phenotype. This transition is governed by a number of growth factors and
signaling pathways, including TGF, Wnt, and Notch. These signaling pathways
show cross-talk that facilitates EMT and subsequent cell invasion.

Various additional factors have been shown to contribute to EMT, such as hypoxia,
metabolic stressors, matrix stiffness and epigenetic and post-translational
modulators. The precise contribution of each of these factors to EMT remains
unknown and may vary according to each specific cancer®.

A number of biomarkers for the EMT process are used clinically in the diagnosis
and prognosis of various cancer types. Downregulation of E-cadherin is a key
eventin EMT, and the relationship between E-cadherin loss and EMT has been
established in many cancer types’.

Mucins are secreted from and localized to the apical borders of healthy epithelial
cell sheets. Over-expression of MUC1, MUC4, and MUC16 are all utilized in the
diagnostic and prognostic assessment of cancers, including breast, pancreatic
and ovarian cancers&.

Angiogenesis and lymphangiogenesis

The tumor must initialize angiogenesis, without which it would fail to develop, as
local diffusion for the transport of nutrients to and removal of waste products from
the tumor site will only suffice for very small tumors. Blood vessels in the tumor’s
vicinity provide a route for detached tumor cells to enter the circulatory system and
metastasize to secondary sites. Imbalances in angiogenic and lymphangiogenic
processes are thus frequently involved in cancer and lend several biomarkers that
indicate cancer progression and metastasis®.

Vascular endothelial growth factor (VEGF) has been a key therapeutic target

in the development of anti-angiogenic therapies to treat a range of cancers.
Bevacizumab is a VEGF neutralizing antibody approved for use in a variety of
cancer types, such as non-squamous non-small cell lung cancer and colorectal
cancer, with potential in the treatment of epithelial ovarian cancer’.
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Lymphatic metastases are common, with a number of cancers first metastasizing
to regional lymph nodes. Biomarkers for lymphangiogenesis and metastatic
spread are being investigated, with VEGF-C and VEGF-D and VEGFR3 emerging as
biomarkers for non-small cell lung cancer and breast cancer" 2.

Metastatic tumor development

Escaping circulation and establishing a metastatic tumor involves the integration
of multiple factors and events, such as traversing the endothelial wall and
transendothelial migration and angiogenesis. Consequently, many of the
biomarkers of extravasation reflect earlier metastatic processes, such as VEGF,
chemokines and cytokines, and ECM components, such as heparanase and matrix
metalloproteinases”-.

Additionally, the tumor microenvironment plays a key role in metastasis and offers
a number of biomarkers for clinical utility.
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Validating your cancer
biomarker antibody
for IHC

Immunohistochemistry determines the cellular or subcellular localization of a
specific protein. This technique plays a vital role in diagnostics and is increasingly
used to target drug therapies as a quick and cost-effective assay'2. Biomarkers
for conditions such as cancer are commonly analyzed via IHC to yield essential
diagnostic and prognostic information and to monitor treatments.

Interpreting positive and negative signals in IHC assays can be difficult. In
addition to the acknowledged problems of antigen retrieval in paraffin-embedded
sections, the differential availability of antigens between different assay formats
means that an antibody recognizing a single band on a western blot may
recognize multiple proteinsin IHC.

There is no easy way around these problems. The usual approachis to
compare samples to both positive and negative control sample staining and
to demonstrate that similar signals can be obtained using multiple antibodies
against the same target.

A crucial step prior to IHC analysis is antibody validation; this will ensure your
antibody is specific to the cancer biomarker of interest and sufficiently sensitive to
allow IHC analysis over the required dynamic range demanded by the pathology.

Early validation of your cancer biomarker antibody offers confidence in your
results and allows a better understanding of the target. Work produced with
validated antibodies ensures long-term reproducibility of results and is quicker to
transition to the clinical setting?.

At abcam, we perform rigorous antibody validation for IHC to guarantee antibody
specificity, sensitivity and reproducibility. We include numerous reviews direct
from researchers highlighting how our antibodies perform hands-on across many
different labs.

Important IHC antibody validation steps

No cross-reactivity: Determine cross-reactivity and target specificity in an
application such as western blotting“. This allows easy visualization of your
antibody specificity.
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Anti-ERG antibody [EPR3864] (ab92513) validation. Western blot analysis shows
ERG at the expected mol weight of 55kDa with no cross-reactivity in Jurkat cells
(lane 1) and Hela cells (lane 2).

Copyright () 2015 Abcam ple
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Correct IHC staining pattern: Use both positive and negative expressing

tissue samples with known localization patterns to confirm the antibody still
specifically and sensitively binds the target following formalin fixation and antigen
retrieval processes.

Confirm testing in relevant tissue: Antibody testing in tissue samples that are
representative of the end-use is important. This includes testing across healthy
and related diseased tissues to confirm antibody specificity and sensitivity in your
tissue of interest.
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Figure: IHC staining of ERG in FFPE tissue samples. (a) Human kidney tissue with negative control inset (b) mouse
brain tissue (c) human prostate cancer (d) human brain tissue with anti-ERG primary antibody (ab92513) show the
expected protein localization in each tissue type.

The antibody is only considered specific if it repeatedly demonstrates the expected
localization across all positive and negative controls.

Reproducible antibody performance: consistent antibody performance is critical to
the long-term viability of research results. Recombinant antibodies are defined by
their sequence, so can be reproducibly manufactured with the least batch-to-batch
variation among affinity reagents®.

Abcam recombinant antibodies offer excellent target specificity, sensitivity and
reproducibility.

Validating reproducibility in IHC antibodies requires comparison for each new
batch of antibody produced, to determine batch-to-batch consistency with
reproducible, clear staining of the target protein in each of the relevant tissues.

YN121206P (1pg/mL) YO012421P (1pg/mL) YQ092701PLE (1pg/mL)  YP110104P] (1ug/mL) YQ041603P) (1pg/mL)

Figure: Batch-to-batch reproducibility in the localization of PD-L1 in the FFPE human placenta across five batches
of Anti-PD-L1 antibody [28-8] (ab205921). IHC performed manually using a Biocare Decloaking Device and
Universal HIER antigen retrieval reagent (ab208572). The primary antibody was incubated overnight at 4°C,
followed by Goat anti-rabbit secondary antibody and HRP-linked anti-goat polymer antibody (ab209101).

DAB was used as a chromogen with a hematoxylin counterstain.
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Validating in your lab

We recommend that you perform initial in-house validation with your cancer
biomarker antibody before you begin your experiments.

— For well-established IHC antibodies, your own in-house validation can be as
straightforward as reproducing the expected result for your cancer biomarker
antibody on positive and negative tissues to gain an appropriate signal.

— When investigating validated cancer biomarkers in a new tissue or sample
preparation, or novel cancer biomarkers, your own validation may include
positive control material from previously investigated tissue. Antibody staining
and signal consistency should match those from previously validated tissues.
This allows you to optimize your antibody for use in your sample of interest.
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Lung cancer biomarkers

Lung cancer is one of the leading causes of cancer-related death worldwide,
accounting for approximately one-third of cancer-related deaths'. The diagnosis
of different lung cancers relies heavily on the use of IHC-based diagnostic tests
and continued research into lung cancer biomarkers that can be used in IHC.

Thereis anincreasing number of antibodies available for detecting lung
cancer-specific biomarkers used to determine different types of lung cancer
and their cells of origin. These different cancer types include adenocarcinoma,
squamous cell carcinoma, and large cell carcinoma.

Here we look at some of the most common primary IHC markers and metastatic
markers for lung cancer. We also provide recommendations of specific biomarker
antibodies for use in IHC.

Learn more at www.abcam.com/cancer
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Primary IHC lung cancer biomarkers

Aryl hydrocarbon receptor (AHR)

AHR s a transcription factor highly expressed in bronchial epithelial cells, where it
affects cell proliferation, differentiation, and cell-cell adhesion. It plays a key role

in diseases such as bronchitis and asthma, but itis also strongly implicated in the
progression of lung cancer. It does this through the promotion of cell proliferation,
angiogenesis, inflammation, and apoptosis?. AHR expression is also linked with
smoking-related tumors as it may upregulate CYP1A1, releasing harmful factors into
the lung tissue. It is, therefore, a marker of poor prognosis for lung cancer patients?.

IHC stain (marker localization):
Nuclear and cytoplasm

View antibodies to AHR

Programmed death-1 ligand (PD-L1)

PD-L1 is a transmembrane protein that acts by inhibiting T cell activation and
proliferation. PD-L1 protein detection by IHC testing is widely used as a predictive
biomarker assay for anti-PD-1/PD-L1 therapies for several cancer types, including
lung cancer. Non-small cell lung cancer (NSCLC) accounts for 75% of all lung
cancers, and approximately 50% of NSCLC cases will have expression of PD-L1 in
histology carried out on patient biopsies, making it a strong biomarker for this
cancer type.

IHC stain (marker localization):
Cellmembrane

Recommended IHC antibody:
Recombinant Anti-PD-L1 antibody [28-8] (ab205921)

View antibodies to PD-L1

Figure: Formalin-fixed, paraffin-embedded human lung cancer tissue stained for PD-L1 using ab205921.
Reproduced under Creative Commons Attribution License, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are credited.

Nakamura et al PLoS One. 2017; 12(10): e0186192. Published online 2017 Oct 19. doi: 10.1371/journal.pone.0186192

Programmed death-1 (PD1) (PDCD1/CD279)

Programmed death-1 receptor is the receptor to transmembrane ligand PD-L1
(above) and is found to be expressed on the surface of T-cells. Tumors use

this PD-1/PD-L1 interaction to evade and suppress the immune response.
These interactions are commonly seen in NSCLC as described above for PD-L1.
Nivolumab, an anti-PD-1 drug, is approved for use in squamous NSCLC3.

IHC stain (marker localization):
Cellmembrane

Recommended IHC antibody:
Recombinant Anti-PD1 antibody [CAL20] (ab237728)

View antibodies to PD1
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Surfactant protein A (SPA)

SPAis alarge protein expressed within alveoli cells of the lung and is responsible
for fighting infectious disease and reducing alveoli surface tension. SPAis also a
biomarker used to detect adenocarcinoma in the lung. It is thought to be a marker
of good prognosis as SPA is known to reduce tumor progression in the lung by
recruiting natural killer cells to the site of the tumor+.

IHC stain (marker localization):
Secreted protein within the extracellular space

Recommended IHC antibody:
Recombinant Anti-ALK antibody [SP144] (ab183332)

View antibodies to SPA

SOX2

SOX2is a transcription factor that plays a crucial role in the developing embryonic
lung. Itis also important for the formation of the proximal airways, where it

is used as a marker of proliferation and lung stem cells. It is also found to be
overexpressed in over 80% of patients with lung squamous cell carcinoma (LSCC),
atype of NSCLC. Itis therefore commonly used as a marker of lung cancer cells
derived from this squamous cell lineage®.
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Nuclear

Recommended IHC antibody:
Recombinant Anti-SOX2 antibody [SP76] (ab93689)

View antibodies to SOX2

Figure: Immunohistochemical analysis of paraffin-embedded human lung carcinoma tissue sections
labeling SOX2 with ab93689 at 1:100. Negative control used PBS instead of primary antibody. Sections were
counterstained with hematoxylin.

MET

The MET proto-oncogene is a transmembrane tyrosine kinase receptor, and its
signaling cascade is involved in proliferation, apoptosis, and cellular migration.
Italso plays arole in the progression of NSCLC. Overexpression of MET in NSCLC
leads to misregulation of proliferation and cell migration leading to a more
aggressive cancers®.

IHC stain (marker localization):
Cell membrane

Recommended IHC antibody:
Recombinant Anti-Met (c-Met) antibody [EP1454Y] - N-terminal
(ab51067)

View antibodies to MET

Figure: Immunohistochemical staining of paraffin-embedded human bladder carcinoma with purified ab51067
at a working dilution of 1/100. The secondary antibody used is HRP goat anti-rabbit IgG H&L (ab97051) at 1/500.
The sample is counterstained with hematoxylin.
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Fas

Fas (or apoptosis antigen 1 APO-1) is a death receptor expressed on the cell surface
which mediates apoptosis. Misregulation of apoptosis in normal cell types can lead
to the progression of cancer. FasL (the FAS ligand) overexpression has been shown
as a prognosis of advanced cancer stage in NSCLC.

IHC stain (marker localization):
Secreted protein and cell membrane

Recommended IHC antibody:
Recombinant Anti-Fas antibody [EPR5700] (ab133619)

View antibodies to Fas

Figure: Immunohistochemical analysis of paraffin-embedded human tonsil tissue labeling CD95 with ab133619
antibody at a dilution of 1/250.

Glutathione S-transferase pi 1 (GSTP1)

GSTP1 is an enzyme responsible for breaking down toxic compounds. In the

lung, GSTP1 is highly expressed and is known to carry out the metabolism of
carcinogens carried into the lung through smoking. Certain variants of GSTP1 are
used as markers of lung cancer prognosis. The Ile105Val variant is associated with
areduced risk of lung cancer and a reduction in mortality from the disease®.

IHC stain (marker localization):
Cytoplasm

Recommended IHC antibody:
Recombinant Anti-GST3 / GST pi antibody [EPR8263] (ab138491)

View antibodies to GSTP1

Figure: Immunohistochemistry (Formalin/PFA-fixed paraffin-embedded sections) analysis of human tonsil tissue
sections labeling GST3 / GST pi with Purified ab138491 at 1/100 dilution (0.99 pg/mL).

Ki67

Ki67 is an essential protein involved in cell division and is commonly used as a
marker of cellular proliferation. IHC staining for Ki-67 is a commonly used method
for evaluating proliferative activity in various tumor types, including lung tumors.
Studies suggest a key role of Ki-67 as a prognostic marker of NSCLC®.

IHC stain (marker localization):
Nuclear

Recommended IHC antibody:
Recombinant Anti-Ki67 antibody [SP6] (ab16667)

View antibodies to Ki67

Figure: IHC image of ab15580 stained human skin carcinoma FFPE section. Section was pre-treated using pressure
cooker heat mediated antigen retrieval with sodium citrate buffer (pH=6) for 30 seconds at 125°C. Section was
incubated with ab15580 at a dilution of 1:200 for 1h at room temperature and detected using an HRP conjugated
polymer system.
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MCM7

MCM?7 is a chromosomal maintenance protein important during the cell cycle
and has been associated with various cancer types, including lung cancers. Both
MCM7 and ki67 (the proliferation marker) are highly expressed in squamous cell
carcinomas of the lung. Both are associated with poor prognosis in the disease.
MCM7 can also be used as an IHC biomarker from bronchial brushings™®.

IHC stain (marker localization):
Nuclear

Recommended IHC antibody:
Recombinant Anti-MCM7/PRL antibody [EP1974Y] (ab52489

View antibodies to MCM7

Figure: Immunohistochemistry (Formalin/PFA-fixed paraffin-embedded sections) analysis of human tonsil tissue
sections labeling MCM7/PRL with purified ab52489 at 1/50 dilution (5.4 pg/mL). Perform heat mediated antigen
retrieval using ab93684 (Tris/EDTA buffer, pH 9.0). ImmunoHistoProbe one step HRP Polymer (ready to use) was
used as the secondary antibody.

Achaete-scute complex 1 (ASCL1)

ASCL1 is a transcription factor necessary for neuroendocrine lung development and
the growth of both SCLC and NSCLC. It acts as a marker of poor prognosis in NSCLC
and looks promising as a potential druggable target for the treatment of NSCLC™".

IHC stain (marker localization):
Mitochondrion outer membrane; Peroxisome membrane;
Microsome membrane; Endoplasmic reticulum membrane

Recommended IHC antibody:
Recombinant Anti-MASH1/Achaete-scute homolog 1 antibody
[EPR19592] (ab213151)

View antibodies to ASCL1

Figure: Immunohistochemical analysis of paraffin-embedded human lung small cell carcinoma tissue labeling
MASH1/Achaete-scute homolog 1 with ab213151 at 1/1000 dilution, followed by Goat Anti-Rabbit IgG H&L (HRP)
at 1/500 dilution.

Learn more at www.abcam.com/cancer 19


https://www.abcam.com/research/cancer
https://www.abcam.com/products?sortOptions=Relevance&keywords=MCM7&selected.classification=Primary%20antibodies&selected.application=IHC-P
https://www.abcam.com/products?sortOptions=Relevance&keywords=ASCL1&selected.classification=Primary%20antibodies&selected.application=IHC-P

Metastatic markers

C-reactive protein (CRP)

Increased levels of CRP are an indication of inflammation. It is commonly seen to
be expressed in lung cancer patients who smoke. Smoking leads to chronic lung
inflammation and the upregulation of several inflammation response genes,
including CRP. Expression of CRP is a marker of lung squamous cell carcinomas
and small-cell cancers but not adenocarcinoma of the lung.

IHC stain (marker localization):
Secreted protein

Recommended IHC antibody:
Recombinant Anti-C Reactive Protein antibody [Y284] (ab32412)

View antibodies to CRP

Figure: Immunohistochemistry (Formalin/PFA-fixed paraffin-embedded sections) analysis of human liver tissue
labeling C Reactive Protein with purified ab32412 at 1/100. Heat mediated antigen retrieval was performed
using Tris/EDTA buffer pH 9. ab97051, a HRP-conjugated goat anti-rabbit IgG (H+L) was used as the secondary
antibody (1/500).

MCMé6

MCME6 is a chromosomal maintenance protein important for the cell cycle and
mitosis and has been associated with increasing the metastatic potential of various
cancer types, including lung cancers. It has been shown to be expressed in around
50% of NSCLC patient samples, and high expression levels of MCM6 is linked to a
poor prognosis of this disease. Its expression is also seen to be higher in patients
who smoke’3,

IHC stain (marker localization):
Nuclear

Recommended IHC antibody:
Anti-MCM6 antibody [EPR17686] (ab201683)
- View antibodies to MCM®6

Figure: Immunohistochemical analysis of paraffin-embedded human tonsil tissue labeling MCM6 with ab201683
at 1/4000 dilution, followed by Goat Anti-Rabbit IgG H&L (HRP) (ab97051) secondary antibody at 1/500 dilution.
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Breast cancer biomarkers

Emerging breast cancer biomarkers

ALDH1A1

Aldehyde dehydrogenase 1 family
member A1 (ALDH1A1) has been
identified as a putative cancer stem
cell marker in breast cancer?.

View antibodies to ALDH1A1

SLFN11

Schlafen 11 (SLFN11) is emerging as
an important requlator of cellular
response to DNA damage. Preclinical
and emerging clinical trial data
suggest that SLFN11 is a predictive
biomarker of response to a wide
range of therapeutics that cause DNA
damage, raising exciting possibilities
forits clinical applicationZ.

View antibodies to SLFN11

IHCisa common method used in the diagnosis of breast cancer and research
into breast cancer pathology. These markers are used to determine different
breast cancer types, e.qg. in situ or invasive carcinoma, distinguishing normal
breast cell types, e.g. luminal, basal and myoepithelial, and also proliferation and

disease progression?3.

Here we look at some of the most common primary IHC markers for breast
cancer and some cell type specific biomarkers. We also recommend specific IHC

antibodies for each biomarker.
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Established breast cancer biomarkers

Estrogen receptor alpha

Determining the distribution of estrogen receptor alpha (ER-a) in breast cancer
samplesis animportantinitial step for the diagnosis and treatment evaluation

of the disease*. Approximately 70% of breast cancer samples will give a positive
staining signal for ER-a, making it a crucial biomarker for breast cancer diagnosis®.
ER-ais a nuclear protein with a ligand-dependent transcription factor function. Itis
also most commonly detected in both luminal A and B subtypes of breast cancer®.

IHC stain (marker localization):
Nuclear stain

Recommended IHC antibody:
Recombinant Anti-Estrogen Receptor alpha antibody [E115] -
ChIP Grade (ab32063)

View antibodies to Estrogen receptor alpha

Figure: Immunohistochemical staining of paraffin-embedded human breast carcinoma tissue with ab32063 at
a dilution of 1/5000. The secondary antibody used was Goat Anti-Rabbit IgG H&L (HRP Polymer). The sample is
counter-stained with hematoxylin. Antigen retrieval was heat mediated using ab93684 (Tris/EDTA buffer, pH 9.0).

Progesterone receptor

The progesterone receptor (PR) is another biomarker important for the initial
diagnosis and evaluation of breast cancer®. PR is known to be induced by ER-a

and plays a key role in ER-a protein regulation. PR as a biomarker is therefore
commonly used as an indicator of ER-a function®. PR is highly expressed in luminal
A-type breast cancer tissue and is associated with a good prognosis’.

IHC stain (marker localization):
Nuclear

Recommended IHC antibody:
Recombinant Anti-Progesterone Receptor antibody [SP42]
(ab101688)

View antibodies to Progesterone receptor

Figure: Immunohistochemistry (Formalin/PFA-fixed paraffin-embedded sections) analysis of human breast cancer
tissue sections labeling progesterone receptor with ab101688 at 1/400 dilution. Heat mediated antigen retrieval
with sodium citrate buffer (pH 6.0, epitope retrieval solution 1) for 10 mins. Rabbit specific IHC polymer detection
kit HRP/DAB (ab209101) was used as the secondary antibody. Hematoxylin was used as a counterstain. Nuclear
staining on human breast cancer tissue, performed on a Leica Biosystems BOND® RX instrument.
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ErbB2/HER2

Overexpression of ErbB2/HER2 can be found in 20-30% of breast cancer tumors
and is commonly found in more aggressive types of the disease®. ErbB2/HER2 is
used as a diagnostic indicator for the FDA approved monoclonal antibody therapy,
Trastuzumab (Herceptin). During this therapy ErbB2/HER2 acts as the binding
target of Trastuzumab?®.

IHC stain (marker localization):
Cytoplasmic, nuclear, and strongly in the cell membrane

Recommended IHC antibody:
Recombinant Anti-ErbB2 / HER2 antibody [EPR19547-12]
(ab214275)

View antibodies to HER2

Figure: Immunohistochemical analysis of paraffin-embedded human breast cancer tissue labeling ErbB2 with
ab214275 at 1/4000 dilution, followed by Goat Anti-Rabbit IgG H&L (HRP) (ab97051) at 1/500 dilution.

p53

Mutated versions of the tumor suppressor p53 can be found in 80% of
triple-negative breast cancer (TNBC) cases, ie tumors lacking expression of ER,
PR, and ErbB2/HER2. This makes mutant p53 an excellent biomarker for TNBC,
one of the more difficult breast cancers to treat as it will not respond to endocrine
or anti-HER2 treatments™. Currently, there are mixed findings on the prognostic
potential of p53 expression in breast cancer. Some studies have associated it with
a positive prognostic outcome and others - with negative'. p53 IHC stains are
commonly used for diagnostic purposes.

ARSI e . TR
ik .{-:.‘;f;?w,:?j s IHC stain (marker localization):

Cytoplasm and strong nuclear

Recommended IHC antibody:
Recombinant Anti-p53 antibody [E26] (ab32389)

View antibodies to p53

Figure: Immunohistochemistry (Formalin/PFA-fixed paraffin-embedded sections) analysis of human
endometrium cancer tissue sections labeling p53 with purified ab32389 at 1/5000 dilution (0.09 pg/mL).

BRCA1

Mutations in the BRCA genes are some of the most well-known breast
cancer-associated protein mutations. BRCA1 is a tumor suppressor gene and one
of the most commonly mutated genes in breast cancer. Patients with a BRCA1
mutation have a 40-80% increased risk of developing the disease, making it a
crucial biomarker in the diagnosis and prognosis of many breast cancer types'.

IHC stain (marker localization):
Nuclear signal

Recommended IHC antibody:
Recombinant Anti-BRCA1 antibody [EPR19433] (ab213929)

View antibodies to BRCA1

Figure: Immunohistochemical analysis of paraffin-embedded human breast cancer tissue labeling BRCA1 with
ab213929 at 1/400 dilution, followed by rabbit specific IHC polymer detection kit HRP/DAB (ab209101).
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Epidermal growth factor receptor (EGFR)

EGFRis atransmembrane receptor, and its expression is frequently found in

TNBC and inflammatory breast cancer (IBC). It is most commonly associated

with a poor prognosis'3. High levels of EGFR expression is linked to an increased
ability of breast cancer to undergo metastasis, making it a common biomarker for
aggressive breast cancer types™.

IHC stain (marker localization):
Cytoplasm and strong nuclear

Recommended IHC antibody:
Recombinant Anti-EGFR (phospho Y1068) antibody [EP774Y]
(ab40815)

View antibodies to EGFR
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Figure: Immunohistochemistry (Formalin/PFA-fixed paraffin-embedded sections) analysis of human breast
cancer tissue sections labeling EGFR with purified ab40815 at 1:500 dilution (1.75 pg/mL). Heat-mediated antigen
retrieval was performed using heat mediated antigen retrieval using ab93684 (Tris/EDTA buffer, pH 9.0).

Cytokeratin 7 (CK7) and Cytokeratin 20 (CK20)

CK7 and CK20 are cytokeratins expressed in breast epithelia. Different CK7 and
CK20 IHC expression patterns are commonly used to distinguish many carcinoma
types, including breast carcinomas. Most breast cancers are CK7 positive and CK20
negative, making the combination of these cytokeratins an excellent biomarker
combination. Approximately 80% of breast adenocarcinomas are CK7 positive and
CK20 negative'.

IHC stain (marker localization):
Cytoplasm

Recommended CK7 IHC antibody:
Recombinant Anti-Cytokeratin 7 antibody [EPR1619Y] -
Cytoskeleton Marker (ab68459)

View antibodies to CK7

Figure: Immunohistochemistry (Formalin/PFA-fixed paraffin-embedded sections) analysis of human breast
carcinoma tissue labeling Cytokeratin 7 with unpurified ab68459.

IHC stain (marker localization):
Cytoplasm

Recommended CK20 IHC antibody:
Recombinant Anti-Cytokeratin 20 antibody [EPR1622Y] -
Cytoskeleton Marker (ab76126)

View antibodies to CK20

Figure: ab76126 at 1/100 dilution staining Cytokeratin 20 in human colon adenocarcinoma by
immunohistochemistry, paraffin-embedded tissue.
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Cyclin D1

Cyclin D1 is one of the main regulatory proteins of the cell cycle, promoting the cell
cycle progression from G1 to S phase. Mutations in cyclin D1 are amplified in many
different types of cancer, including many breast cancers. 50% of breast cancers
will contain an overexpression of cyclin D16, It has been used as a biomarker for
poor prognosis for many breast cancer types, but some studies are beginning to
suggest that it could also indicate a positive outcome if expressed in some luminal
subtypes of breast cancer?.

IHC stain (marker localization):
Nuclear
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Recommended IHC antibody:
IHC antibody: Recombinant Anti-Cyclin D1 antibody [EPR2241] -
C-terminal (ab134175)

View antibodies to Cyclin D1

Figure: Immunohistochemical staining of paraffin-embedded human endometrial adenocarcinoma with purified
ab134175 at a dilution of 1/100. An HRP goat anti-rabbit (ab97051) was used as the secondary antibody at a
dilution of 1/500 and the sample was counterstained with hematoxylin.

Ki67

Ki67 is an important protein involved in cell division and is commonly used as
a marker of cellular proliferation. It is also used in breast cancer diagnosis to
determine the level of cell proliferation, which can be a prognostic marker and
a good indication of how well certain breast cancers will respond to endocrine
therapy’s.

IHC stain (marker localization):
Nuclear

Recommended IHC antibody:
Recombinant Anti-Ki67 antibody [SP6] (ab16667)

View antibodies to Ki67

Figure: IHC image of ab15580 stained human skin carcinoma FFPE section. Section was pre-treated using
pressure cooker heat-mediated antigen retrieval with sodium citrate buffer (pH=6) for 30 seconds at 125°C.
Section was incubated with ab15580 at a dilution of 1:200 for 1h at room temperature and detected using an HRP
conjugated polymer system.
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Cyclooxygenase-2 (COX-2)

COX-2is an enzyme responsible for producing prostanoids. Its expression in
breast tissue correlates strongly with breast cancer development. Overexpression
of COX-2 has been shown to drive breast cancer phenotypes, and blocking the
action of this protein also shows potential for breast cancer therapy. There is also
a strong link between COX-2 overexpression in breast adipose tissue and cancer
progression linked to obesity'.

IHC stain (marker localization):
Cytoplasm

Recommended IHC antibody:
Recombinant Anti-COX2 / Cyclooxygenase 2 antibody
[EPR12012] (ab179800)

View antibodies to COX2

Figure: Immunohistochemistry (Formalin/PFA-fixed paraffin-embedded sections) analysis of human colonic
carcinoma tissue labeling COX2/Cyclooxygenase 2 with unpurified ab179800 at a dilution of 1/250.

Caveolin-1

Caveolin-1 is the main component of caveolae, small invaginations found in the
cell membrane. It's also known to play a key role in cell proliferation, invasion,
and breast cancer metastasis. It is also used as a biomarker for breast cancer
treatments and disease outcome. High expression of Caveolin-1 is a sign of poor
prognosis and indicates more aggressive metastatic breast cancer®.

Ve %

iﬁgﬁ%’%@f IHC stain (marker localization):
%@fi{%}% Cellmembrane

Recommended IHC antibody:
Recombinant Anti-Caveolin-1 antibody [E249] - Caveolae
Marker (ab32577)

View antibodies to Caveolin-1

Figure: Immunohistochemistry (Formalin/PFA-fixed paraffin-embedded sections) analysis of mouse lung tissue
sections labeling Caveolin-1 with purified ab32577 at 1/2000 dilution (0.06 pg/mL). Tissue was counterstained
with Hematoxylin. Rabbit specific IHC polymer detection kit HRP/DAB (ab209101) secondary antibody was used
at 1:0 dilution.
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Cell type specific biomarkers

FOXA1

The transcription factor FOXA1 has been shown to have a unique distribution
within breast cancer cells compared to other cell types. FOXA1 binding is crucial
for chromatin opening and the transcriptional activation of ER-a responsive
genes within breast cancer cells?'. Studies have identified thousands of breast
cancer-associated single nucleotide polymorphisms (SNPs) within the enhancer
regions for FOXA12,

IHC stain (marker localization):
Nuclear signal

Recommended IHC antibody:
Recombinant Anti-FOXA1 antibody [EPR10881] (ab170933)

View antibodies to FOXA1

Figure: Immunohistochemistry (Formalin/PFA-fixed paraffin-embedded sections) analysis of human breast cancer
tissue sections labeling FOXA1 with purified ab170933 at 1:1000 dilution (1.13 pg/mL). Heat-mediated antigen
retrieval was performed using ab93684 (Tris/EDTA buffer, pH 9.0).

GATA-binding protein 3 (GATA3)

GATA3is a zinc finger transcription factor crucial for breast luminal epithelium
differentiation. It is also a diagnostic biomarker for both primary and metastatic
breast cancer and commonly found in luminal A and B breast cancer tissue. GATA3
also has a strong association with HER2-positive and ER-a positive hormone
response in luminal breast cancers®.

IHC stain (marker localization):
Nuclear signal

Recommended IHC antibody:
Recombinant Anti-GATA3 antibody [EPR16651] - ChIP Grade
(ab1994238)

View antibodies to GATA3

Figure: Immunohistochemical analysis of paraffin-embedded human breast carcinoma tissue labeling GATA3 with
ab199428 at 1/500 dilution followed by Goat Anti-Rabbit IgG H&L (HRP) (ab97051) at 1/500 dilution.
Nuclear staining on human breast carcinoma tissue is observed. Counterstained with hematoxylin.

Cytokeratin 5 (CK5)

CK5 is a cytokine found to be expressed in the basal cell layer of the mammary
duct. Tumors that arise from these cells are also known to be CK5 positive, so
CK5 is an excellent biomarker for the diagnosis of basal type breast cancers.
The CK5-positive progenitor cells may also differentiate into glandular and
myoepithelial cancer types?.

IHC stain (marker localization):
Cytoplasm and cell membrane

Recommended IHC antibody:
Recombinant Anti-Cytokeratin 5 antibody [EP1601Y] -
Cytoskeleton Marker (ab52635)

View antibodies to CK5

Figure: Unpurified ab52635 showing positive staining in basal cell breast carcinoma tissue.

Learn more at www.abcam.com/cancer 29


https://www.abcam.com/research/cancer
https://www.abcam.com/products?sortOptions=Relevance&keywords=FOXA1&selected.classification=Primary%20antibodies&selected.application=IHC-P
https://www.abcam.com/products?sortOptions=Relevance&keywords=gata3&selected.classification=Primary%20antibodies&selected.application=IHC-P
https://www.abcam.com/products?sortOptions=Relevance&keywords=ck5&selected.classification=Primary%20antibodies&selected.application=IHC-P

Smooth muscle myosin heavy chain (SMMHC)

SMMHC is expressed specifically in the contractile myoepithelial cells of the
breast. A loss of the myoepithelial layer is commonly associated with invasive
breast cancers. Markers such as SMMHC can be used in IHC to detect this layer
more reliably than a hematoxylin and eosin stain alone3.

IHC stain (marker localization):
Cytoplasm

Recommended IHC antibody:
Anti-smooth muscle Myosin heavy chain I antibody
[MYH11/923] (ab233940)

View antibodies to SMMHC

Figure: Formalin-fixed, paraffin-embedded human breast carcinoma tissue stained for smooth muscle Myosin
heavy chain I using ab233940 at 1 pg/mL in immunohistochemical analysis.

E-cadherin

E-cadherin is expressed at the cell junction of normal breast epithelial cells.

Aloss of E-cadherin is associated with a phenotypic switch by these cells to
become invasive and migratory breast cancer cells. Loss of E-cadherin expression
is commonly used as a biomarker for metastatic lobular breast carcinomas®.

IHC stain (marker localization):
Celljunctions

Recommended IHC antibody:
Recombinant Anti-E Cadherin antibody [EP700Y] - Intercellular
Junction Marker (ab40772)

View antibodies to E-cadherin

Figure: Fluorescent immunohistochemical analysis of paraffin-embedded human breast carcinoma tissue using
unpurified ab40772. Green-E-Cadherin red-PL.

Alpha smooth muscle actin (ACTA2)

Smooth muscle actin is highly expressed in normal breast myoepithelial cells. It is
commonly used as a marker of this normal breast cell type. Smooth muscle actin
is commonly used for histology in conjunction with SMMHC and calponin to mark
out the myoepithelial layer. Acombination of markers such as this is much more
reliable than using hematoxylin and eosin stains alone?.

IHC stain (marker localization):
Cytoplasm

Recommended IHC antibody:
Recombinant Anti-alpha smooth muscle Actin antibody
[EPR5368] (ab124964)

View antibodies to ACTA2

Figure: IHC image of alpha smooth muscle actin staining in a human breast ductal carcinoma formalin-fixed
paraffin-embedded tissue section, performed on a Leica Bond™ system using the standard protocol F.

Learn more at www.abcam.com/cancer 30


https://www.abcam.com/research/cancer
https://www.abcam.com/products?sortOptions=Relevance&keywords=smmhc&selected.classification=Primary%20antibodies&selected.targetName=smooth%20muscle%20Myosin%20heavy%20chain%20I%7Csmooth%20muscle%20Myosin%20heavy%20chain%2011&selected.application=IHC-P
https://www.abcam.com/products?sortOptions=Relevance&keywords=E%20cadherin&selected.classification=Primary%20antibodies&selected.application=IHC-P
https://www.abcam.com/products?sortOptions=Relevance&keywords=ACTA2&selected.classification=Primary%20antibodies&selected.application=IHC-P

Calponin

Calponins are proteins found within the contractile components of the
myoepithelium. Similarly to SMMHC and ACTA2, calponin stains are used as a
marker of the myoepithelial layer in the diagnosis of invasive breast cancers3.

IHC stain (marker localization):
Cytoplasm

Recommended IHC antibody:
Recombinant Anti-Calponin 1 antibody [SP181] (ab227661)

View antibodies to Calponin

Figure: Formalin-fixed, paraffin-embedded human breast tissue stained for Calponin 1 using ab227661 at 1/100
dilution in immunohistochemical analysis.

Delta-1-Catenin

Delta-1-Catenin is a member of the p120 family and acts as a binder of E-cadherin.
Delta-1-Catenin can be used in histology to detect invasive lobular breast cancer,
high tumor-node-metastasis stage, and lymph node metastasis. It is also strongly
associated with HER2-positive breast cancers and can be used as an indicator of
poor prognosis as it is thought to promote a malignant phenotype?.

IHC stain (marker localization):
Cytoplasm and cell membrane

Recommended IHC antibody:
Recombinant Anti-delta 1 Catenin/CAS antibody [SP63] -
C-terminal (ab227638)

View antibodies to Delta-1-Catenin

Figure: Formalin-fixed, paraffin-embedded human breast carcinoma tissue stained for delta 1 Catenin/CAS using
ab227638 at 1/100 dilution in immunohistochemical analysis.

Cytokeratin 14 (CK14)

CK14is a cytokine found to be expressed in the basal cell layer of the mammary
duct. Itis most commonly found to be co-expressing with CK5 in this tissue type.
And similarly to CK5, the histological detection of CK14 is an excellent biomarker
for the diagnosis of basal type breast cancers?.

IHC stain (marker localization):
Cytoplasm

Recommended IHC antibody:
Recombinant Anti-Cytokeratin 14 antibody [EPR17350] -
Cytoskeleton Marker (ab181595)

View antibodies to CK14

Figure: Immunohistochemical analysis of paraffin-embedded human squamous cell carcinoma of cervix
tissue labeling Cytokeratin 14 with ab181595 at 1/2000 dilution, followed by prediluted HRP polymer for
Rabbit/Mouse IgG.
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Emerging colorectal cancer biomarkers

NOTUM

NOTUM is a key mediator during the early stages of mutation fixation that can
be targeted to restore wild-type cell competitiveness and provide preventative
strategies for people at a high risk of developing colorectal cancer’.

View antibodies to NOTUM

Here we look at some of the most common primary IHC markers for colorectal
cancer (CRC) and cell type specific biomarkers. We also recommend specific
antibodies for each biomarker for use in key applications such as IHC.
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Established colorectal cancer biomarkers

Calretinin

Calretinin is a calcium-binding protein that plays a role in message targeting

and intracellular calcium buffering. While absent in normal colonocytes, it is
expressed in most poorly differentiated colon carcinomas?. Strongly positive
calretinin staining in colon medullary carcinoma, as well as correlations between
the expression of calretinin and degree of differentiation in human colorectal
adenocarcinomas, have been reported emphasizing the potential of calretinin as
anIHC biomarker for bowel cancer3“.

IHC stain (marker localization):
Cytoplasmic and nuclear

Recommended IHC antibody:
Recombinant Anti-Calretinin antibody [EP1798] (ab92341)

View antibodies to Calretinin

Figure: Immunohistochemistry (Formalin/PFA-fixed paraffin-embedded sections) analysis of human
mesothelioma tissue sections labeling Calretinin with purified ab92341 at 1:4000 (0.034 pg/mL).

MuUC2

MUC2 is part of the mucin family and characteristically observed in goblet cells

of small and large bowel mucosa®. It is involved with coating the epithelia of the
intestines, airways, and other mucus membrane-containing organs. Loss of MUC2
expression has been reported to be a predictor of adverse outcomes, and further
prospective studies that evaluate adjuvant chemotherapy in stages II and III colon
cancer should include MUC2 expression analysis for patient stratification®.

IHC stain (marker localization):
Intestine, secreted into the inner and outer mucus layers

Recommended IHC antibody:
Recombinant Anti-MUC2 antibody [EPR6145] (ab134119)

View antibodies to MUC2

Figure: Immunohistochemical analysis of paraffin-embedded human colonic adenocarcinoma tissue using
unpurified ab134119 showing +ve staining.
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COX-2

COX-2is aninducible enzyme that regulates prostaglandin synthesis and is
overexpressed in several epithelial cancers. It is involved in the regulation of
apoptosis, angiogenesis, and tumor cell invasiveness, which contribute to its
effects on tumorigenesis. Multiple studies have shown that selective COX-2
inhibitors are a great targeted approach to the chemoprevention of CRC%7,

IHC stain (marker localization):
Microsome membrane and endoplasmic reticulum membrane

Recommended IHC antibody:
Recombinant Anti-COX2/Cyclooxygenase 2 antibody
[EPR12012] (ab179800)

View antibodies to COX-2

Figure: Immunohistochemistry (Formalin/PFA-fixed paraffin-embedded sections) analysis of human colonic
carcinoma tissue labeling COX2/Cyclooxygenase 2 with unpurified ab179800 at a dilution of 1/250.

LI Cadherin

LI Cadherin, is one of a group of cadherins that act as calcium-dependent cell
adhesion proteins that preferentially interact with themselves in a homophilic
manner in connecting cells® High LI Cadherin expression has been associated with
liver metastasis, a major cause of death associated to colorectal cancer, and poor
survival of patients®.

IHC stain (marker localization):
Cellmembrane

Recommended IHC antibody:
Recombinant Anti-LI Cadherin antibody [EPR3996] (ab109190)

Sy ey ? View antibodies to LI Cadherin

Figure: Immunohistochemical staining of paraffin-embedded human colonic adenocarcinoma tissue using
ab109190 at a dilution of 1/250.

GPA33

The GPA33 gene codes for A33 antigen, a transmembrane glycoprotein that is
expressed in normal colonic and small bowel epithelium as well as more than 95%
of human colon cancers™. IHC in CRC tissue has shown strong A33 membrane
staining in samples of well-differentiated tumors'', and there are also proposals for
using antibodies to GPA33 as a potentially potent radioimmunotherapy regimen
for GPA-33 positive CRC tumors in humans'2.

IHC stain (marker localization):
Cell membrane

Recommended IHC antibody:
Recombinant Anti-GPA33 antibody [EPR4240] (ab108938)

View antibodies to GPA33

Figure: Immunohistochemistry (Formalin/PFA-fixed paraffin-embedded sections) analysis of human colon cancer
tissue sections labeling GPA33 with purified ab108938 at 1:400 dilution (0.25 pg/mL). ImmunoHistoProbe one
step HRP Polymer (ready to use) was used as the secondary antibody.
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EGFR

Epidermal growth factor receptor (EGFR) is usually involved in cell growth and is
recognized as an important player in CRC initiation and progression’. In late-stage
colorectal cancer, the most commonly used targeted therapies are monoclonal
antibodies that prevent EGFR activation'. However, future development of
anti-EGFR directed nanoparticles that could inhibit overactive EGFR signals could
potentially reduce CRC risk™.

IHC stain (marker localization):
Secreted and cellmembrane

Recommended IHC antibody:
Recombinant Anti-EGFR antibody [SP84] - C-terminal
(ab227642)

View antibodies to EGFR

Figure: Formalin-fixed, paraffin-embedded human colon adenocarcinoma tissue stained for EGFR using
ab227642 at 1/100 dilution in immunohistochemical analysis.

VEGF

VEGF is a heparin-binding glycoprotein with potent angiogenic activity within
endothelial cells. Angiogenesisis crucial for the progression of colorectal
carcinoma. VEGF is expressed in around 50% of colorectal cancers and shows very
low expression in normal colonic mucosa, making it a good biomarker for the
diagnosis of CRC from histology samples’®.

IHC stain (marker localization):
Secreted protein

Recommended IHC antibody:
Recombinant Anti-VEGFA antibody [EP1176Y] - C-terminal
(ab52917)

View antibodies to VEGF

Figure: Immunohistochemistry (Formalin/PFA-fixed paraffin-embedded sections) analysis of human kidney tissue
sections labeling VEGFA with purified ab52917 at 1:100 dilution (2.96 pg/mL).

p53

The tumor suppressor p53is a transcription factor involved in cell cycle arrest and
apoptosis under cellular stress. Mutations within p53 is one of the most frequent
triggers leading to the progression of CRC and is found in 34% of the proximal
colon tumors, and 45% of distal colorectal tumors.

IHC stain (marker localization):
Cytoplasm and strong nuclear

Recommended IHC antibody:
Recombinant Anti-p53 antibody [E26] (ab32389)

View antibodies p53

Figure: Formalin-fixed, paraffin-embedded human colon carcinoma tissue stained for p53 using ab16665 at 1/100
dilution in immunohistochemical analysis.
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Ki67

Ki67 is an important protein involved in cell division and is commonly used as a
marker of cellular proliferation. Quantifying Ki67 expression by IHC will give you
the Ki67 labeling index, which is commonly used in clinical pathology to estimate
cancer prognosis. High Ki67 expression is thought to be an indication of a good
prognosis for patients with colorectal cancer.

IHC stain (marker localization):
Nuclear

Recommended IHC antibody:
Recombinant Anti-Ki67 antibody [SP6] (ab16667)

View antibodies to Ki67

Figure: ab15580 staining Ki67-proliferation marker in human colon tissue sections by IHC-P (formaldehyde-fixed
paraffin-embedded sections).

Insulin-like growth factor binding protein 2 (IGFBP2)

IGFBP-2 interacts with the extracellular matrix, proteoglycans and integrin
receptors within many different cell types. It may also act as a transcription
factor to stimulate gene expression. Studies have shown that IGFBP-2 is uniquely
distributed at the bottom of human colonic crypts and that increased levels of
IGFBP-2 can be seen in many colorectal cancers. This expression co-localizes
with the phosphorylated p65 subunit of NF-kB, making these good biomarkers
for CRC".

IHC stain (marker localization):
Secreted protein

Recommended IHC antibody:
Recombinant Anti-IGFBP2 antibody [EPR18012-257] (ab188200)

;m,sm:: N View antibodies to IGFBP2

only control #ageam pic

Figure: Immunohistochemical analysis of paraffin-embedded mouse choroid plexus tissue labeling IGFBP2 with
ab188200 at 1/1000 dilution, followed by a Goat Anti-Rabbit IgG H&L (HRP) ready to use. Cytoplasmic staining on
mouse choroid plexus (PMID: 7525264; PMID: 7678219) is observed.

PKM2

The M2 isoform of PK(PKM2) is a glycolytic enzyme involved in aerobic glycolysis
and anabolic metabolism in cancer cells. PKM2 also promotes the transcription of
Oct-46, HIF-1a7, STAT38, and 3-catenin during the progression of various cancers.

IHC stain (marker localization):
Nuclear and cytoplasm

Recommended IHC antibody:
Recombinant Anti-PKM antibody [EPR10139] (ab154816)

View antibodies to PKM2

Figure: Immunohistochemical analysis of paraffin-embedded human cervical carcinoma, labeling PKM using
ab154816 at 1/100 dilution.
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Cell type specific biomarkers

CDX2

CDX2is a transcription factor expressed specifically in the intestine, where it is
involved in the maintenance of intestinal cell types. Low CDX2 expression in CRC
is associated with advanced stages of cancer progression, vessel invasion, and
metastasis. Over 20% of CRC show some reduction of CDX2 protein by histology.
Seeing normal or high levels of CDX2 expression is a biomarker for a good
prognosis for survival from the disease’@.

IHC stain (marker localization):
Nuclear

Recommended IHC antibody:
Recombinant Anti-CDX2 antibody [EPR2764Y] (ab76541)

View antibodies to CDX2

Figure: Unpurified ab76541 showing positive staining in colonic adenocarcinoma tissue. Heat-mediated antigen
retrieval was performed before commencing with IHC staining protocol.

Ep-CAM

Ep-CAM is a commonly used biomarker used in colorectal adenocarcinoma to
discriminate cancer cells from mesothelial cells. Being able to distinguish between
adenocarcinoma and mesothelial cells by histology is crucial for clinicians to be
able to correctly diagnose and assign treatment to patients.

IHC stain (marker localization):
Cell membrane

Recommended IHC antibody:
Recombinant Anti-EpCAM antibody [EPR20532-225] (ab223582)

View antibodies to Ep-CAM

Figure: Immunohistochemical analysis of paraffin-embedded human colon tissue labeling EpCAM with ab223582
at 1/500 dilution, followed by Goat Anti-Rabbit IgG H&L (HRP) Ready to use. Membranous staining on human
colon is observed (PMID: 15637741). Counterstained with hematoxylin.

Villin

Villin is an actin-binding protein expressed in the epithelial cells lining the gut and
has been shown to regulate epithelial-mesenchymal transition (EMT) in colorectal
cancers. Microsatellite instability (MSI) colorectal cancers have also been shown
to have very low levels of villin expression compared to normal gut epithelial cells.
This loss of villin leads to poorly differentiated histology of the CRC™.

! IHCstain (marker localization):

Cytoplasm

Recommended IHC antibody:
Recombinant Anti-Villin antibody [EPR3491(3)] (ab133510)

o ‘g View antibodies to Villin

Figure: Immunohistochemical analysis of paraffin-embedded human colon adenocarcinoma tissue labeling villin
with ab133510 at 1/100 dilution.
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CK20 (Cytokeratin 20) and CK7 (Cytokeratin 7)

CK7 and CK20 are cytokeratins expressed in the gut epithelia. Different CK7
and CK20 IHC expression patterns are commonly used to distinguish colorectal
adenocarcinomas. Most colorectal cancers are CK7 negative and CK20
positive, making the combination of these cytokeratins an excellent biomarker
combination. CK7 and CK20 expression varies between colorectal carcinomas
according to histological grade and tumor location.

CK20

IHC stain (marker localization):
Cytoplasm

Recommended CK20 IHC antibody:
Recombinant Anti-Cytokeratin 20 antibody [EPR1622Y] -
Cytoskeleton Marker (ab76126)

View antibodies to CK20

Figure: ab76126 at 1/100 dilution staining Cytokeratin 20 in human colon adenocarcinoma by
immunohistochemistry, paraffin-embedded tissue.

CK7

IHC stain (marker localization):
Cytoplasm

Recommended CK7 IHC antibody:
Recombinant Anti-Cytokeratin 7 antibody [EPR1619Y] - Cytoskeleton Marker
(ab68459)

View antibodies to CK7

Learn more at www.abcam.com/cancer 41


https://www.abcam.com/research/cancer
https://www.abcam.com/products?sortOptions=Relevance&keywords=CK20&selected.classification=Primary%20antibodies&selected.targetName=Cytokeratin%2020&selected.application=IHC-P
https://www.abcam.com/products?sortOptions=Relevance&keywords=CK7&selected.classification=Primary%20antibodies&selected.targetName=Cytokeratin%207&selected.application=IHC-P

References

1. Flanagan, D.]., Pentinmikko, N., Luopajarvi, K. et al. NOTUM from Apc-mutant
cells biases clonal competition to initiate cancer. Nature 594, 430-435 (2021).

2.Vonlanthen, S., Kawecki,T. ., et al., Heterozygosity of SNP513 in Intron 9 of the
Human Calretinin Gene (CALB?2) is a Risk Factor for Colon Cancer ANTICANCER
RESEARCH 27,4279-4288 (2007).

3. Gotzos V., WintergerstE. S., et al., Selective distribution of calretinin in
adenocarcinomas of the human colon and adjacent tissues. Am J Surg Pathol 23(6),
701-11,(1999).

4. Winn B., Tavares, R., et al., Differentiating the undifferentiated:
immunohistochemical profile of medullary carcinoma of the colon with an
emphasis on intestinal differentiation. Hum Pathol, 40(3), 398-404 (2009).

5. Betge, J., Schneider, N. L., et al., MUC1, MUC2, MUC5AC, and MUC6 in colorectal
cancer: expression profiles and clinical significance. Virchows Arch., 469(3), 255-265
(2016).

6. Herendeen). M., Lindley C., (2003). Use of NSAIDs for the chemoprevention of
colorectal cancer. Ann Pharmacother; 37(11):1664-74.

7.Sinicrope F. A., Gill S., Role of cyclooxygenase-2 in colorectal cancer. Cancer
Metastasis Rev, 23(1-2):63-75(2004).

8. uniprot.org

9. Bartolomé, R. A., Barderas, R., et al., Cadherin-17 interacts with a21 integrin
to regulate cell proliferation and adhesion in colorectal cancer cells causing liver
metastasis. Oncogene, 33: 1658-1669, (2013).

10. Heath ). K., White S.J., et al.,, The human A33 antigen is a transmembrane
glycoprotein and a novel member of the immunoglobulin superfamily. Proc Nat/
Acad Sci USA; 94(2): 469-74, (1997).

11. Baptistella, A. R., Salles Dias, M. V,, et al., Heterogeneous expression of A33
in colorectal cancer: possible explanation for A33 antibody treatment failure.
Anticancer Drugs, 27(8): 734-7, (2016).

12. Cheal, S. M., Fung, E. K., et al., Curative Multicycle Radioimmunotherapy
Monitored by Quantitative SPECT/CT-Based Theranostics, Using Bispecific
Antibody Pretargeting Strategy in Colorectal Cancer./ Nucl/ Med, 58:1735-1742
(2017).

13. Markman B., Javier Ramos F., et al., EGFR and KRAS in colorectal cancer Adv Clin
Chem; 51:71-119, (2010).

Learn more at www.abcam.com/cancer 42


https://www.abcam.com/research/cancer

14. Bertotti, A., Papp, E., et al., The genomic landscape of response to EGFR
blockade in colorectal cancer. Nature, 526, 263-267, (2015).

15. Pabla, B., Bissonnette, M., and Konda,V. J., Colon cancer and the epidermal
growth factor receptor: Current treatment paradigms, the importance of diet, and
the role of chemoprevention. WorldJ Clin Oncol, 6(5): 133-141 (2015).

16. Bendardaf, Riyad et al. “VEGF-1 expression in colorectal cancer is associated
with disease localization, stage, and long-term disease-specific survival.” Anticancer
research, 28(6B), 3865-70 (2008).

17.Shmuel, B., Shvab, A., et al., Global analysis of L1-transcriptomes identified
IGFBP-2 as a target of ezrin and NF-kB signaling that promotes colon cancer
progression, Oncogene, 32, 3220-3230, (2013).

18. Graule, J., Uth, K., et al., CDX2 in colorectal cancer is an independent prognostic
factor and regulated by promoter methylation and histone deacetylation in tumors
of the serrated pathway, Clinical Epigenetics, 10(120), (2018).

19. Arango D, Al-Obaidi S, Williams DS, et al., Villin expression is frequently lost in
poorly differentiated colon cancer. Am J Pathol, 180(4):1509-21 (2012).

Learn more at www.abcam.com/cancer 43


https://www.abcam.com/research/cancer

prostate
cancer
biomarkers




Prostate cancer
biomarkers

Emerging prostate cancer biomarkers

Androgen Receptor (AR-V7 specific) Hepsin/HPN

Although multiple androgen-receptor Hepsin may contribute to the poor
variants have been discovered, AR-V7 response of prostate cancer cells to
is the only known androgen-receptor immunotherapies thatrely on
variant encoding a functional STING activationZ.

protein product that is detectable
in clinical specimens. Detection

of AR-V7 in circulating tumor cells
may be associated with resistance
to enzalutamide and abirateronein
patients with castration-resistant
prostate cancer’.

View antibodies to AR-V7 specific View antibodies to HPN

Prostate cancer is the second most common cancer in men worldwide. IHC is
used for diagnosis from prostate biopsy, though the precision and accuracy of
the current biomarkers used in this test remains controversial. Therefore, many
are looking for alternative specific and sensitive prostate cancer biomarkers

to improve outcomes3. While a panel of IHC prostate cancer biomarkers are
commonly used for prostate cancer diagnosis (including PSA, AMACR and high
molecular weight cytokeratins), issues around benign tumors mimicking this
profile and the early detection of presence and progression of prostate cancer,
and recurrence following clinical intervention are still not accurately validated by
current biomarkers for prostate cancer. There remains a lack of reliable biomarkers
to accurately predict low-risk cancer and avoid overtreatment.

As such, aggressive forms of prostate cancer may be missed, and indolent disease
may be subjected to unnecessary radical therapy. New biomarker discovery and
validation promise to improve early detection and prognosis and to provide targets
for therapeutic interventions*.
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Established prostate cancer biomarkers

Prostate specific antigen (PSA)

PSAis the most widely known biomarker for prostate cancer. It is expressed in
prostate epithelial cells and secreted to the seminal fluid, where it's responsible
for cleaving semenogelins. PSA is considered to be a highly sensitive and specific
biomarker for prostate tumors. It was approved by the FDA for diagnosis of
prostate cancer in conjunction with digital rectal exam in 1994. Consequently, the
detection of PSA in additional tissues via IHC is typically associated with metastatic
cancer of prostatic origin, and the presence of this biomarker is often used to
differentiate between prostatic and urothelial carcinomas®.

IHC stain (marker localization):
Cytoplasmic and extracellular

Recommended IHC antibody:
Recombinant Anti-Prostate Specific Antigen antibody
[EP1588Y] (ab76113)

View antibodies to PSA

Figure: Immunohistochemistry (Formalin/PFA-fixed paraffin-embedded sections) analysis of human prostate
cancer tissue sections labeling Prostate Specific Antigen with purified ab76113 at 1/1000 dilution (0.51 pg/mL).

Alpha-methylacyl-CoA racemase (AMACR)

AMACR is a mitochondrial and peroxisomal enzyme that functions to oxidize

fatty acids and bile acid intermediates. It is over-expressed in the epithelium of
approximately 80% of prostate cancer cases and acts as a robust biomarker of
prostate cancer. Detection of AMACR via IHC has been shown to be importantin the
differential diagnosis of prostate carcinoma from benign prostate mimics.

AMACR overexpression in prostate cells is indicative of poor patient prognosis,
associated with a high Gleason's score, high initial PSA levels, and indicative of the
increased chance of bone metastasis®.

L Al s,

i {;”‘ ~ IHC stain (marker localization):
Ry S, .1 Cytoplasmic
/ f& | .
Y ¢ . RecommendedIHCantibody:

j é? ﬂé + ¢« Anti-AMACR antibody [AMACR/1864] (ab268062)
53:;;' (i.": 2, View antibodies to AMACR

Figure: Formalin-fixed, paraffin-embedded human prostate carcinoma tissue stained for AMACR using ab268062
at 2 pug/mL in immunohistochemical analysis.
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SLC45A3 (Prostate cancer-associated protein 6/P501S/prostein)

SLC45A3 shows a predominantly homogenous Golgi staining pattern in prostatic
epithelia. It is highly specific for prostate glandular cells and thus used in the
differentiation of metastatic prostate cancers from other tumor types. SLC45A3
may be expressed in PSA-negative prostate tumors, and the use of these markers
in conjunction offers increased sensitivity in the identification of prostate cancer
metastases’. Weaker expression of SLC45A3 has been noted in some aggressive
tumors, correlating with increased Gleason scores and risk of cancer relapse.

e ; IHC stain (marker localization):
% . Membrane

Recommended IHC antibody:
Recombinant Anti-SLC45A3 antibody [EPR4795(2)] (ab137065)

View antibodies to SLC45A3

Figure: Immunohistochemistry (Formalin/PFA-fixed paraffin-embedded sections) analysis of human prostate
carcinoma tissue sections labeling SLC45A3 with purified ab137065 at 1/1000 dilution (0.128 pg/mL).

Prostate specific membrane antigen (PSMA)

PSMA is a type Il membrane glycoprotein with both folate hydrolase and
N-acetylat-ed-alpha-linked-acidic peptidase (NAALAD) activity. In contrast to PSA,
PSMA is expressed in high-grade prostatic adenocarcinomas and is associated with
a high Gleason score. Detection of PSMA can help to identify metastatic prostate
cancer in surgical specimens, yielding higher sensitivity than PSA alone®. The high
sensitivity and specificity of this marker for prostatic carcinoma make it useful to
differentiate prostate from urothelial tumors.

IHC stain (marker localization):
Cytoplasmic and cell membrane

Recommended IHC antibody:
Recombinant Anti-PSMA antibody [EPR6253] (ab133579)

View antibodies to PSMA

Figure: Formalin-fixed, paraffin-embedded human prostate carcinoma tissue stained for PSMA using ab133579 at
1:300 in immunohistochemical analysis.
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Prostatic acid phosphatase (PAP)

PAP is an acid phosphatase enzyme expressed in prostate tissue at levels
approximately two-fold greater than in other tissues. This biomarker has been
investigated as a marker for metastatic prostate cancer due to its high and
relatively specific expression in prostate epithelial cells and has been considered
as a target antigen in autologous cellularimmunotherapy for patients with
prostate cancer®.

Knockdown of PAP expression is associated with promotion of cell growth
and tumorigenicity, leading to the development of castration-resistant
androgen-specific prostate cancer'.

IHC stain (marker localization):
Secreted, cytoplasmic and cell membrane

Recommended IHC antibody:
Recombinant Anti-PAP antibody [EPR4067] (ab109004)

View antibodies to PAP

Figure: Immunohistochemistry (Formalin/PFA-fixed paraffin-embedded sections) analysis of human prostate
tissue sections labeling PAP with purified ab109004 at 1/40,000 dilution (0.0024 pg/mL).

NKX3.1

NKX3.1 is a prostate-specific androgen-regulated transcription factor important
in normal prostate development, regulating the proliferation of glandular
epithelium, and in the formation of ducts in the prostate. Due to its highly
specific expression in prostate epithelial cells, NKX3.1 can be used as a diagnostic
biomarker for prostate cancer and other metastatic lesions originating in the
prostate. Some studies show that NKX3.1 offers improved sensitivity over PSA for
the identification of poorly differentiated metastatic prostate cancer™.

IHC stain (marker localization):
Nuclear

Recommended IHC antibody:
Recombinant Anti-NKX3 antibody [EPR16653] (ab196020)

View antibodies to NKX3.1

Figure: Formalin-fixed paraffin-embedded human prostate hyperplasia tissue stained for NKX3.1 (ab196020) at
1/500 dilution. Negative control: Used PBS instead of primary antibody.
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p63

A member of the p53 protein family, p63 has pleiotropic functions, including cell
proliferation, survival, apoptosis, differentiation, senescence and aging.

This biomarker shows a nuclear localization in basal cells of the prostate and

is absent from usual-type acinar prostate cancers. Aberrant p63 expression in
prostate cancers may represent a molecularly distinct subclass and rare tumor
type with some studies suggesting that further research of this biomarker may
yield identification of the prostate cancer cell-of-origin™.

IHC stain (marker localization):
Nuclear

Recommended IHC antibody:
Recombinant Anti-p63 antibody [EPR5701] (ab124762)

View antibodies p63

Figure: Immunohistochemistry (Formalin/PFA-fixed paraffin-embedded sections) analysis of human breast tissue
sections labeling p63 with purified ab124762 at 1/5000 dilution (0.16 pg/mL).

ERG

ERG is a transcriptional regulator that is identified in approximately half of all
prostatic adenocarcinomas. This emerging biomarker for prostate cancer localizes
to the nucleus of cells and is commonly found as a fusion product with TMPRSS2 or
SLC45A3'3, These ERG fusion products play an important role in the carcinogenesis
of prostate cancer and may be predictive biomarkers of prostate cancer',

LM IHC stain (marker localization):
"3 f.\ Nuclear and cytoplasmic

A

Recommended IHC antibody:
Recombinant Anti-ERG Antibody [EPR3864] (ab92513)

* nns
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View antibodies to ERG
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Figure: Formalin-fixed paraffin-embedded human prostatic adenocarcinoma stage 3 tissue stained for ERG
(ab92513) using unpurified antibody in immunohistochemical analysis.

PTEN

PTEN protein loss is an emerging IHC biomarker for prostate cancer. This protein

is a cytosolic lipid phosphatase that negatively regulates AKT activity in cell growth
to act as atumor suppressor. Loss of PTEN expression is observed in approximately
20-30% of cases and considered prognostic for poor patient outcomes in this
disease’®.

IHC stain (marker localization):
Nuclear

Recommended IHC antibody:
Recombinant Anti-PTEN Antibody [EPR9941-2] (ab170941)

"lf View antibodies to PTEN

Figure: Formalin-fixed, paraffin-embedded human prostate adenocarcinoma tissue stained for PTEN using
ab228466 at 1/200 dilution in immunohistochemical analysis.
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Fatty acid synthase

This enzyme plays a role in the synthesis of long chain fatty acids. Fatty acid
synthase overexpression is an emerging biomarker linked to prostate cancer
carcinogenesis. Studies suggest that this emerging biomarker may act in cancer by
inhibiting apoptosis, and associate Fatty acid synthase overexpression in prostate
cancer IHC with increased Gleason score and more aggressive tumors'”18,

IHC stain (marker localization):
Nuclear

Recommended IHC antibody:
Recombinant Anti-Fatty Acid Synthetase Antibody (ab128870)

View antibodies to Fatty Acid Synthase

Figure: Immunohistochemistry (Formalin/PFA-fixed paraffin-embedded sections) analysis of human breast cancer
tissue sections labeling Fatty acid synthase with purified ab128870 at 1:450 dilution (1.09 pg/mL).

FOXA1

Mutations in the FOXA1 transcription factor have been associated with tumor
progression in prostate cancer. IHC analysis of FOXA1 as a prostate cancer
biomarker has identified overexpression in prostate cancer metastases and linked
this biomarker with more aggressive, castration-resistant cancer types. It may also
act as anindependent predictor of recurrence’.

IHC stain (marker localization):
Nuclear

Recommended IHC antibody:
Recombinant Anti-FOXA1 antibody [EPR10881] - ChIP Grade
(ab170933)

View antibodies to FOXA1

Figure: Formalin-fixed paraffin-embedded human prostate tissue labeled with FOXA1 (ab170933) with unpurified
antibody at 1:100 in immunohistochemical analysis.

Prostate secretory protein 94 (PSP94)

PSP94 (prostate secretory protein of 94 aa; also called PIP) is one of the major
secretory proteins from the prostate gland. This potential prostate cancer
biomarker shows decreasing expression as prostate cancer progresses from a
hormone-dependent to a hormone-independent state with a complete lack of
PSP94 production in highly advanced metastatic prostate cancer. This differential
expression could make PSP94 a prognostic clinical marker for prostate cancer and
could help distinguish patients with aggressive forms of prostate cancer?.

IHC stain (marker localization):
Cytoplasmic and secreted

Recommended IHC antibody:
Recombinant Anti-Prostate Secretory Protein/PSP antibody
[EPR7346] (ab133296)

View antibodies to PSP

Figure: Immunohistochemical analysis of paraffin-embedded human prostate tissue labeling Prostate Secretory
Protein/PSP with 1/250 ab133296.
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Vascular endothelial growth factor A (VEGFA)

VEGFA is a mediator of angiogenesis and tumor proliferation in many cancer types.
Initial studies in prostate cancer suggest it may act as a prognostic biomarker for
aggressive forms of prostate cancer and could be used to select prostate cancer
patients suitable for novel anti-angiogenic therapies?'. VEGFA expression has been
shown to be significantly elevated in cases of prostatic cancer compared to benign
hyperplasia, demonstrating it may serve as a potential diagnostic biomarker.
Further, expression levels of VEGFA correlated with cancer grading, suggesting its
utility as a prognostic marker?,

IHC stain (marker localization):
Nuclear

Recommended IHC antibody:
Recombinant Anti-VEGFA antibody [EP1176Y] - C-terminal
(ab52917)

View antibodies to VEGFA

Figure: Immunohistochemistry (Formalin/PFA-fixed paraffin-embedded sections) analysis of human kidney tissue
sections labeling VEGFA with purified ab52917 at 1:100 dilution (2.96 pg/mL).

In normal tissue, p27¢?' is a tumor suppressor that inhibits cyclin/cyclin
dependent kinase (CDK) cell cycle progression and regulates cancer cell invasion
and migration. Decreased expression of p27¢rT is associated with poor patient
prognosis in prostate adenocarcinomas. Additionally, cytoplasmic localization of
p274r! has been linked to cyclin/CDK independent roles in tumorigenicity?3.

IHC stain (marker localization):
Nuclear and cytoplasmic in some cancers

Recommended IHC antibody:
Recombinant Anti-p27 KIP1 antibody [Y236] (ab32034)

View antibodies to p274’

Figure: Unpurified ab32034 showing positive staining in colonic adenocarcinoma tissue. Heat-mediated antigen
retrieval was performed using ab93684 (Tris/EDTA buffer, pH 9.0).
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Cell type specific biomarkers

Cytokeratin 5 (CK5)

CKS5, basic (type II) cytokeratin, acts as a dimer in partnership with cytokeratin
142, Itis a member of the intermediate filament family of proteins, which
provide the cell with a structural framework stretching from around the
nucleus to desmosomes and hemidesmosomes. It is highly expressed in basal
cells of prostate tissue, with diffuse cytoplasmic localization and perinuclear
enhancement. This marker is used in conjunction with AMACR and PSA to rule
out prostate cancer with increased accuracy®.

IHC stain (marker localization):
Cytoplasmic

Recommended IHC antibody:
Recombinant Anti-Cytokeratin 5 antibody [EP1601Y] -
Cytoskeleton Marker (ab52635)

View antibodies to CK5

Figure: Immunohistochemistry (Formalin/PFA-fixed paraffin-embedded sections) analysis of human prostate
cancer tissue sections labeling Cytokeratin 5 with ab64081 at 1/100 dilution (2.46 pg/mL). Heat-mediated antigen
retrieval with sodium citrate buffer (pH 6.0, epitope retrieval solution 1) for 10mins. Rabbit specific IHC polymer
detection kit HRP/DAB (ab209101) was used as the secondary antibody.

Cytokeratin 6 (CK6)

CK6 is a basic cytokeratin that dimerizes with cytokeratin 16/17 for function?®.

CKé6 is a cytoskeletal protein and serves as a marker for prostate basal cells,
showing similar localization to CK5 of diffuse cytoplasmic staining with enrichment
in the perinuclear area. Negative staining of this marker is often used in conjunction
with CK5- and AMACR+ staining to diagnose problematic prostatic cancers?.

IHC stain (marker localization):
Cytoplasmic

Recommended IHC antibody:
Recombinant Anti-Cytokeratin 6 antibody [EP1603Y] (ab52620)

View antibodies to CK6

Kallikrein 2 (KLK2)

Kallikrein 2 is highly expressed in the prostate gland under androgen control

for expression?. It is a trypsin-like serine protease requiring post-translational
modification for activity. In prostate tissue, KLK2 functions upstream of PSA to
activate this prostate cancer biomarker; consequently, it is associated with seminal
plasma liquefaction®.

IHC stain (marker localization):

e I Cytoplasmic and secreted
= ¢ @ P

a8

“

g "oy | View antibodies to KLK2

Figure: Immunohistochemistry (Formalin/PFA-fixed paraffin-embedded sections) analysis of human prostate
tissue sections labeling Kallikrein with ab40749 at 18 pg/mL.
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Emerging ovarian cancer biomarkers

CcDbo

CD9is widely expressed in
Tubo-ovarian high-grade serous
carcinoma (HGSC) and represents
an important new therapeutic target
with immediate relevance for NK
immunotherapy.

CD9 suppresses anti-tumor cytokine
production and cytotoxicity in NK-92
cells’.

View antibodies to CD9

PAX8

The transcription factor PAX8 is
critical for the development of the
thyroid and urogenital system. PAX8
binds alarge number of genomic
sites and forms transcriptional hubs.
At a subset of these, PAX8 together
with PRDM3 regulates a specific
gene expression module involved in
adhesion and extracellular matrix.

PRDM3 is amplified in ovarian
cancers. The MECOM locus and

PAX8 sustain in vivo tumor growth,
further supporting that the identified
function of the MECOM locus
underlies PAX8-driven oncogenic
functions in ovarian cancer?.

View antibodies to PAX8

Ovarian cancer is the leading cause of gynecologic cancer death in women and
impacts female life and health worldwide. The high death rate in this disease is due
to the late stage of disease diagnosis. Although radical surgical tumor debulking
and platinum plus paclitaxel-based chemotherapy are currently established
therapies for the treatment of ovarian cancer, the 5-year survival rate is still around
40%?3. The ability to sensitively and specifically predict the presence of early ovarian
cancer, disease status, stage, and associated therapeutic efficacy, has the potential
to revolutionize ovarian cancer detection and treatment®.

Consequently, the identification and validation of applicable diagnostic and
prognostic ovarian cancer biomarkers are essential to improve patient outcomes3.

Learn more at www.abcam.com/cancer
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Established ovarian cancer biomarkers

Paired box 8 (PAX8)

PAX8 is a transcription factor essential in organogenesis, morphogenesis, cell
growth, and differentiation. PAX8 is highly expressed in both benign and malignant
primary epithelial ovarian carcinomas, but not in metastatic ovarian cancer®.

High expression levels of PAX8 correlate with shorter survival rates. PAX8 acts as a
diagnostic and prognostic biomarker for ovarian cancer®.
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Figure: Immunohistochemical analysis of paraffin-embedded human ovarian cancer tissue labeling PAX8 with
ab239363 at 1/2000 dilution followed by a ready to use Rabbit specific IHC polymer detection kit HRP/DAB
(ab209101). Nuclear staining in human ovarian cancer (PMID: 21317881).

MUC16

Also known as CA125. This membrane-associated mucin, found in cornea and
conjunctiva, in respiratory tract and female reproductive tract epithelium, forms a
lubricating barrier against foreign particles and infectious agents. This biomarker
is 79% sensitive for ovarian cancer and considered the most reliable diagnostic
marker for ovarian cancer and a potential cancer therapeutic target. Assayed as

a serum biomarker for ovarian cancer diagnosis, MUC16 is also used in IHC to
distinguish ovarian origins of metastases’.

IHC stain (marker localization):
Strong membranous staining

Recommended IHC antibody:
Recombinant Anti-MUC16 antibody [EPR1020(2)] (ab110640)

View antibodies to MUC16

Figure: FFPE IHC of human ovarian serous papillary carcinoma tissue sections labeling MUC16 with purified
ab110640 at 1:1000 dilution (0.12 pg/mL). Negative control: PBS instead of the primary antibody.

Wilms tumor protein (WT1)

This ovarian cancer biomarker is used in IHC to differentiate ovarian carcinoma
(WT1+) from breast or pancreatic carcinomas (WT1-). It is a robust diagnostic and
prognostic biomarker of ovarian cancers and used in combination with PAX8 to
refine diagnosis in phenotype overlapping cases of serous cancers®8,

IHC stain (marker localization):
Nuclear

Recommended IHC antibody:
Recombinant Anti-WT1 antibody [CAN-R9(IHC)-56-2] (ab89901)

View antibodies to WT1

Figure: FFPE IHC of human ovarian serous adenocarcinoma tissue sections labeling Wilms Tumor Protein with
Anti-WT1 (ab89901) at 1:500 dilution (0.49 pg/mL). Negative control: PBS instead of the primary antibody.
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p53

This tumor suppressor protein is commonly mutated in many cancer types and
overexpressed in over 96% of high-grade serous ovarian cancer. p53 mutations and
p53 overexpression are both related to shorter patient survival, with the strongest
predictor of outcome being a combination of both mutations and overexpression®.
As an IHC biomarker, p53 expression is used to differentiate malignant cancers
(p53+) from reactive and metaplastic conditions (p53-)°.

;,:E;;f‘"‘;‘." .~ IHCstain (marker localization):
e - Nuclear

Recommended IHC antibody:
Recombinant Anti-p53 antibody [SP161] (ab227655)

View antibodies to p53

Figure: Formalin-fixed, paraffin-embedded human ovarian adenocarcinoma tissue stained for p53 using
ab227655 at 1/100 dilution in immunohistochemical analysis.

Human epididymis protein 4 (HE4)

HE4 is a protease inhibitor that is approved by the United States FDA for
monitoring recurrence or progressive disease in patients with epithelial ovarian
cancer. This biomarker is used in combination with MUC16 for the diagnosis of
ovarian cancer, with some reports suggesting that HE4 offers increased specificity
over MUC16 for the diagnosis of early ovarian cancer™.

IHC stain (marker localization):
Nuclear

Recommended IHC antibody:
Recombinant Anti-HE4 antibody [EPR16658] (ab200828)

View antibodies to HE4

Figure: FFPE IHC of human ovarian carcinoma labeling HE4 with ab200828 at 1/1000 dilution.
Negative control: PBS instead of the primary antibody.

CDKN2A/p16INK4a

CDKNZ2a is a tumor suppressor protein, which, when silenced in ovarian cancer,
can promote carcinogenesis. Increased expression of CDKN2A, the gene product
of p16INK4a, in ovarian cancer has been associated with progression and
unfavorable outcomes, though this may be histotype dependent, with some
studies suggesting no overall association with survival in high-grade serous
tumors, block expression of this biomarker associated with shorter overall survival
in endometriosis-associated carcinomas, clear cell and endometrioid cancers,

and absence of CDKN2A expression associated with shorter overall survival in
low-grade serous ovarian carcinoma’.

IHC stain (marker localization):
Nuclear and cytoplasmic

Recommended IHC antibody:
Recombinant Anti-CDNK2A/p16NK4a antibody [EPR1473] - C-terminal (ab108349)

View antibodies to CDKN2A/p16INK4a
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Estrogen receptor alpha

Estrogen receptor alpha (ERa) is an established biomarker in the prognosis and
treatment prediction of breast cancer. However, itis also emerging as a valuable
biomarker in ovarian cancer. ERa staining in ovarian cancer IHC correlates with
positive response to anti-estrogen treatment (e.g., tamoxifen) or chemotherapy,
and better clinical outcomes. ER staining shows variable results dependent
upon the stage and grade of ovarian cancer, with some studies showing negative
expression correlates with favorable outcomes. ER expression in ovarian
carcinoma is associated with better differentiated, more advanced tumors.

ER levels are typically higher in high-grade, low-grade serous and endometrioid
carcinoma, but lower in mucinous and clear-cell carcinoma’.
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£ T Recommended IHC antibody:
27 ‘ga¥iw . Anti-Estrogen Receptor alpha antibody [SP1] (ab16660)

View antibodies to Estrogen Receptor alpha

Figure: FFPE IHC of human ovarian adenocarcinoma tissue stained for Estrogen Receptor alpha using ab16660 at
1/200 dilution.

Progesterone receptor

This biomarker is often used in conjunction with estrogen receptor in IHC assay
of ovarian carcinoma. Positivity of PR-B expression is correlated with positive
response to chemotherapy and positive patient outcomes, though it offers limited
additional information over ER alone'.
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Figure: Immunohistochemistry analysis of human breast carcinoma tissue labeling SP2 with ab16661. This image
was generated from the hybridoma version.
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Human epidermal growth factor receptor 2 (HER2)

HER2 (also called c-erbB2, neu, ERBB2 and CD340) is a tyrosine kinase that
dimerizes with members of the EGFR family for activity. Under normal conditions,
HER2 acts to influence cellular migration, differentiation, and interactions
between cells.

HER2 mutants offer a well-established breast cancer biomarker, but its use as
an ovarian cancer biomarker is more controversial'. In ovarian cancer, HER2
expression is more commonly seen in the serous subtype, in older patients,
patients with advanced stage and high-grade differentiation cancers, leading to
poor patient prognosis for ovarian cancer patients3.

IHC stain (marker localization):
Nuclear, perinuclear and membranous

Recommended IHC antibody:
Recombinant Anti-Erb2 antibody [EP1045Y] (ab134182)

View antibodies to HER2

Figure: Immunohistochemistry (Formalin/PFA-fixed paraffin-embedded sections) analysis of human breast
carcinoma tissue sections labeling EErbB2/HER2 with purified ab134182 at 1:1600 dilution (0.68 pg/mL).

Osteopontin

Osteopontin is a secreted, integrin-binding matrix phosphorylated glycoprotein
thatis overexpressed in many advanced cancers. It plays a role in many
physiological and pathological processes; wound healing, inflammation, immune
response, and tumorigenesis. Osteopontin promotes ovarian cancer progression
and cell survival and increases HIF-1alpha expression through the PI3-K/Akt
pathway. Osteopontin may serve as a potential diagnostic biomarker for ovarian
cancer'®” and could potentially influence cancer therapy and be used in the
development of novel anti-tumor treatments'’.

IHC stain (marker localization):
Secreted

Recommended IHC antibody:
Recombinant Anti-Ostepontin antibody [EPR21139-316] (ab214050)

View antibodies to Osteopontin
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Programmed cell death protein 1 (PD1)

Also called CD279. This well-known immune checkpoint receptor controls
lymphocyte activation by providing negative signals in conjunction with signals
from lymphocyte antigen receptors'®. PD1 expression in ovarian cancers is
associated with advanced stages of the disease in patients with high-grade
tumors.

PD1 expression in IHC is an emerging biomarker for ovarian cancer diagnosis
and poor patient prognosis. This biomarker is used to stratify patients for
immuno-therapy with PD1 inhibitors, such as nivolumab, with the therapeutic
effect seen only in a subset of patients, and additional biomarkers are required to
accurately determine therapeutic efficacy'%.

IHC stain (marker localization):
Cell membrane

Recommended IHC antibody:
Recombinant Anti-PD1 antibody [CAL20] (ab237728)

View antibodies to PD1

(b)

Figure: Immunohistochemical analysis of human large and locally advanced breast cancers staining PD1 using
ab52587. (Panel a) Low level of PD-1+ T cell infiltration. (Panel b) high level of PD-1+ T cell infiltration. (Itu:
intratumoral Str: stromal).

This image is from PubMedId: 27777963. Kaewkangsadan V et al. (2016) Reproduced under the Creative
Commons license https://creativecommons.org/licenses/by/4.0/

Insulin-like growth factor binding protein 2 (IGFBP2)

Insulin-like growth factor binding protein 2 (IGFBP2) is overexpressed in malignant
ovarian tissues and in the serum and cystic fluid of ovarian cancer patients. IGFBP2
overexpression does not correlate with the stage of ovarian cancer. This biomarker
has shown some utility in the differentiation of serous carcinoma from clear cell
carcinoma for ovarian cancer diagnosis?'. IGFBP2 enhances the invasion capacity
of ovarian cancer cells, consequently, blockage of IGFBP2 may thus constitute a
viable strategy for targeted cancer therapy?.

IHC stain (marker localization):
Secreted

Recommended IHC antibody:
Recombinant Anti-IGFBP2 antibody [EPR18012-257] (ab188200)

View antibodies to IGFBP2
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Kallikrein 8

This steroid-hormone regulated serine protease is not typically expressed in
normal ovarian tissue, but elevated levels have been shown in ovarian cancers,
suggesting this biomarker offers potential use in the diagnosis of ovarian cancer®.

Kallikrein 8-positive tumors have been associated with lower-grade tumors, no
residual tumor after surgery, and optimal debulking success, suggesting Kallikrein
8 may act as a favorable prognostic biomarker for ovarian cancer?.

IHC stain (marker localization):
Secreted

Recommended IHC antibody:
Recombinant Anti-Kallikrein 8/KLK8 antibody [EPR5752(2)]
(ab150395)

View antibodies to KLK8

Figure: Immunohistochemical analysis of paraffin-embedded human endometrial carcinoma tissue labeling
Kallikrein 8/KLK8 with ab150395 at 1/50 dilution.

Cytokeratin 7 (CK7)

CK7 is an established biomarker to differentiate primary ovarian carcinoma from
metastatic colorectal carcinoma of the ovary. This biomarker can also be used in
IHC analysis of ovarian cancer to differentiate primary serous tumors (negative)
from primary mucinous tumors (positive). CK7 is negatively expressed in yolk sac
tumors, but diffusely expressed in both clear cell carcinoma and endometrioid
adenocarcinoma, making it a useful biomarker (often used in conjunction with
EMA) to differentiate ovarian cancer subtypes®>%.

IHC stain (marker localization):
Cytoplasmic

Recommended IHC antibody:
Recombinant Anti-Cytokeratin 7 antibody [EPR1619Y] -
Cytoskeleton Marker (ab68459)

View antibodies to CK7

Figure: FFPE IHC of human ovarian carcinoma tissue stained for Cytokeratin 7 using ab68459.

Cytokeratin 20 (CK20)

CK20 is used as a biomarker in conjunction with CK7 to diagnose primary
mucinous tumors of the ovary. Absence of this biomarker in CK7+ ovarian
tumors is indicative of ovarian adenocarcinoma, including endometrioid, clear
cell, serous and seromucinous cacrinomas. CK20 is also used in pathological
analysis to discriminate between ovarian tumors and secondary metastatic
tumors of the ovary?>%’.

IHC stain (marker localization):
Cytoplasmic

Recommended IHC antibody:
Recombinant Anti-Cytokeratin 20 antibody [EPR1622Y] -
Cytoskeleton Marker (ab76126)

View antibodies to CK20

Figure: ab76126 showing positive staining in human colonic adenocarcinoma tissue.
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Cell type specific biomarkers

Pan-cytokeratin

This cytokeratin cocktail recognizesK1-8, 10, 14-16 and 19, but does not
detect CK17 or CK18.Itis commonly used in IHC of ovarian tissue in conjunction
with Vimentin.

Pan-cytokeratin staining shows membranous staining in the majority of tumor
types and epithelial labeling in normal tissue. Pan-cytokeratin typically shows
strong staining across healthy and tumorous tissue?.

IHC stain (marker localization):
Cytoplasmic

Recommended IHC antibody:
Recombinant Anti-pan Cytokeratin antibody [C-11] (ab7753)

View antibodies to Pan-CK

Figure: Fluorescence multiplex immunohistochemical analysis of human breast cancer tissue (formalin-fixed
paraffin-embedded section). Merged staining of Anti-PD-L1 (ab251611; cyan; Opal™ 520), Anti-Granzyme B
(ab219803; yellow; Opal™ 540), Anti-PD1 (ab251613; magenta; Opal™ 570), Anti-pan Cytokeratin (ab264485;
red; Opal™ 620), Anti-EpCAM (ab225894; red; Opal™ 620), Anti-CD8 alpha (ab251596; green; Opal™ 650) and
Anti-FOXP3 (ab96048; orange; Opal™ 690).

Vimentin

Vimentin is a type Il intermediate filament protein that anchors the structure

of the cytoplasm. In IHC of normal ovarian tissue, vimentin localizes to surface
epithelium and granulosa cells. The variable staining of this biomarker in different
ovarian carcinomas, from no staining in benign mucinous tumors or serous
cystadenomas to strong cytoplasmic staining in malignant serous tumors, can be
used to differentially diagnose various ovarian cancer types?.

IHC stain (marker localization):
Cytoplasmic

Recommended IHC antibody:
Recombinant Anti-Vimentin antibody [EPR3776] - Cytoskeleton
Marker (ab92547)

View antibodies to Vimentin

Figure: Anti-vimentin (ab92547) staining in human ovarian cancer tissue using immunohistochemistry
(formaldehyde-fixed, paraffin-embedded sections).
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Forkhead box L2 (FOXL2)

FOXL2 belongs to a large family of forkhead FOX transcription factors. It is one

of the first genes expressed in female gonad development, required for proper
granulosa cell differentiation during folliculogenesis, and maintains a strong
expression in granulosa cells throughout life. FOXL2 mutations are presentin 70 -
95% of ovarian adult granulosa cell tumors, but not in ovarian fibromas or ovarian
juvenile granulosa cell tumors.

Consequently, IHC analysis of FOXL2 mutation is used by pathologists to distinguish
diffuse adult granulosa cell tumors from cellular fibroma in ovarian tissue?°3°,

IHC stain (marker localization):
Nuclear

Recommended IHC antibody:
Recombinant Anti-FOXL2 antibody [EPR23523-68] (ab246511)

View antibodies to FOXL2

Figure: Immunohistochemical analysis of paraffin-embedded human ovary tissue labeling FOXL2 with ab246511
at 1/2000 dilution followed by a ready to use Rabbit specific IHC polymer detection kit HRP/DAB (ab209101).
Positive staining on human ovary.

ARID1A

This biomarker is a member of the SWI/SNF ATP-dependent chromatin-remodeling
complexes®'. It functions in cellular differentiation and development.

Expressed in the nucleus of normal tissue, inactivation of this protein and loss of
expression is seen in ~50% of ovarian clear cell carcinoma3®? and may be an early
eventin the development of endometriosis-associated ovarian carcinomas334,

IHC stain (marker localization):
Nuclear

Recommended IHC antibody:
Recombinant Anti-ARID1A antibody [EPR13501-73] (ab182561)

View antibodies to ARID1A
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Emerging pancreatic cancer biomarkers

TFF1 Pentraxin 3/PTX3

TFF1 has been used for the detection PTX3is a stromal

of pancreatic ductal adenocarcinoma compartment-specific pancreatic
inurine samples’. cancer biomarker that is suitable for

validation studies?.

View antibodies to TFF1 View antibodies to PTX3

Pancreatic cancer is the 7" leading cause of cancer-related death worldwide with a
higher death toll in developed countries. The most common subtype of pancreatic
cancer is pancreatic ductal adenocarcinoma, accounting for approximately 85% of
all cases. Globally, the mortality rate coincides with the incidence rate, emphasizing
the poor prognosis for this cancer type3. Immunohistochemistry offers a useful
assay in the identification and classification of pancreatic neoplasms.

The diagnostic accuracy for this cancer type has been significantly improved by the
continuous discovery and validation of new tumor-associated biomarkers and the
development of effective immunohistochemical panels. Application of appropriate
IHC panels allows pathologists to differentiate between the different types of
pancreatic cancer and to distinguish pancreatic carcinomas from other secondary
metastatic cancers®.
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Established pancreatic cancer biomarkers

Insulin-like growth factor 2 binding protein 3 (IMP3)

IMP3, a cell-surface glycoprotein, is not expressed in normal pancreatic ductal
epithelium and so may serve as a sensitive and specific biomarker to discriminate
between benign and malignant pancreatic epithelium?®. This biomarker may

play a role in the migration, invasion and adhesion of pancreatic cell cancer.
Identification of IMP3 by IHC is associated with poor prognosis of pancreatic ductal
adenocarcinoma®.

EOBSERLd  IHCstain:
2 0 Nuclear and cytoplasmic

Recommended IHC antibody:
Recombinant Anti-IMP3 anitbody [ERP12021-114] (ab179807)

View antibodies to IMP3

Figure: Immunohistochemistry (Formalin/PFA-fixed paraffin-embedded sections) analysis of human lung cancer
tissue sections labeling IMP3 with purified ab179807 at 1/1000 dilution (0.10 pg/mL).

$100 calcium binding protein P (S100P)

S100P is a sensitive and specific diagnostic biomarker for pancreatic cancer. It has

a potential role in the proliferation, survival, motility and invasiveness of pancreatic
cells. Levels of STOOP expression increase during the progression from pancreatic
intraepithelial neoplasia to invasive adenocarcinoma. This biomarker can be

used to differentiate between positive pancreatic adenocarcinoma and negative
pancreatic endocrine tumors’.

IHC stain:
Nuclear and cytoplasmic

Recommended IHC antibody:
Recombinant Anti-S100P antibody [EPR6143] (ab133554)

View antibodies to S100P

Figure: Formalin-fixed paraffin-embedded human pancreatic adenocarcinoma tissue labeled with Anti-S100P
(ab133554) at 1:250 in IHC.

MUC1

Also known as Epithelial Membrane Antigen (EMA), CD227 and episialin.

In normal cells, MUCT acts as a barrier to the apical surface of epithelial cells,
playing a protective and regulatory role. In pancreatic adenocarcinoma, MUC1 is
highly expressed and associated with poor patient prognosis®.

IHC stain:
Membranous and cytoplasmic

Recommended IHC antibody:
Recombinant Anti-MUC1 antibody [EPR1023] (ab109185)

View antibodies to MUC1

Figure: ab109185 (unpurified) showing positive staining in breast ductal infiltrating carcinoma tissue.
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Mesothelin (MSLN)

MSLN is expressed on the surface of pancreatic adenocarcinoma cells and may
play arolein cell adhesion. It serves as a diagnostic and prognostic biomarker
for pancreatic cancer and may be used to targetimmunotherapy. Mesothelin
expression in pancreatic adenocarcinoma is associated with high tumor
aggressiveness and poor patient outcome®.

IHC stain:
Extracellular, cell membrane and punctate cytoplasmic staining

Recommended IHC antibody:
Recombinant Anti-Mesothelin antibody [EPR2685(2)]
(ab134109)

View antibodies to MSLN

Figure: Formalin-fixed paraffin-embedded human pancreatic carcinoma labeled with Anti-Mesothelin (ab134109)
using unpurified antibody in IHC analysis.

SMAD4

Also known as DPC4 and MADH4. SMAD4 acts downstream of TGF-B as a tumor
suppressor through inhibiting growth and promoting apoptosis. Loss of function
of SMAD4 may therefore act as a tumorigenic factor. Loss of SMAD4 expression
in IHC has been associated with poor survival and may represent a negative
prognostic biomarker in patients with pancreatic cancer’.

IHC stain:
Nuclear staining in normal cells with loss of nuclear staining
in malignancy

Recommended IHC antibody:
Recombinant Anti-SMAD4 antibody [SP306] - C-terminal
(ab217267)

View antibodies to SMAD4

Figure: Formalin-fixed paraffin-embedded human pancreatic adenocarcinoma labeled with Anti-SMAD4
(@ab217267) at 1:100 in IHC.

Toposiomerase I alpha (TOP2A)

TOP2A cleaves the double-stranded DNA helix in protein synthesis and DNA
replication. Overexpression of this enzyme induces tumor development and
progression'. TOP2A over-expression is correlated with tumor metastasis and
shorter patient survival times, thus TOP2A is considered a prognostic biomarker
in pancreatic cancer’.

IHC stain:
Cytoplasmic and nucleoplasmic

Recommended IHC antibody:
Recombinant Anti-Toposiomerase II alpha anitbody [EP1102Y] (ab52934)

View antibodies to TOP2A
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CEACAM1

Also called CD66, biliary glycoprotein, BGP and C-CAM. CEACAM1 is a cell adhesion
molecule expressed in adenocarcinomas and in pancreatic intraductal neoplasia
lesions'. Initially regarded as a tumor suppressor as its expression shows
considerable downregulation within the epithelia in the early phases of solid
cancers, more recently CEACAM1 has been suggested as a biomarker for the
progression of malignancy and metastatic spread.

IHC stain:
Secreted and cellmembranous

Recommended IHC antibody:
Recombinant Anti-CEACAM1 antibody [EPR4049] (ab108397)

View antibodies to CEACAM1

Figure: Immunohistochemical analysis of paraffin-embedded human hepatic carcinoma tissue labeling CEACAM1
with ab300061 at 1/2000 followed by a ready to use LeicaDS9800 (BOND™ Polymer Refine Detection). Positive
staining on human hepatic carcinoma (PMID: 27377843).

Thymidylate synthase

Under normal conditions, this enzyme contributes to the de novo mitochondrial
thymidylate biosynthesis pathway. It is the target for 5-fluorouracil (5-FU) in the
treatment of pancreatic cancer. Thymidylate synthase has been identified as a
prognostic biomarker for favorable outcomes following resection in patients with
pancreatic adenocarcinoma’.

IHC stain:
Cytoplasmic

Recommended IHC antibody:
Recombinant Anti-Thymidylate Synthase antibody [EPR4545]
(ab108995)

View antibodies to Thymidylate Synthase

Figure: Immunohistochemistry (Formalin/PFA-fixed paraffin-embedded sections) analysis of human colon
carcinoma tissue sections labeling Thymidylate Synthase with purified ab108995 at 1:100 dilution.
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Regenerating gene protein 3A (REG3A)

This pancreatic protein is a calcium-dependent protein that promotes islet growth
in response to inflammation or injury. REG3A is an emerging biomarker for
pancreatic cancer development. Its role in pancreatic cancer has been linked to
inflammation-related pancreatic cancer development. High REG3A expression
levels in IHC are common in the early stages of pancreatic cancer and may act

as ancillary diagnostic and prognostic factors for the development of pancreatic
ductal adenocarcinoma'e.

IHC stain:
Nuclear

Recommended IHC antibody:
Recombinant Anti-REG3A + REG3G antibody [EPRR18188]
(ab202057)

View antibodies to REG3A

Figure: Immunohistochemical analysis of paraffin-embedded human pancreas tissue labeling REG3G + REG3A
with ab202057 at 1/600 dilution, followed by Goat Anti-Rabbit IgG H&L (HRP) (ab97051) secondary antibody at
1/500 dilution.

p-glycoprotein

P-glycoprotein acts as an ATP-dependent drug efflux pump to remove drugs
and toxins from cells. Pancreatic tumors and ductal adenocarcinomas are both
associated with elevated expression levels of p-glycoprotein. Expression levels
of this novel pancreatic cancer biomarker correlate with a more favorable
patient prognosis'’.

IHC stain:
Cell membrane

Recommended IHC antibody:
Recombinant Anti-P glycoprotein antibody [EPR10364-57] (ab170904)

View antibodies to p-glycoprotein

KRAS

This G-protein acts downstream of the Epidermal Growth Factor Receptor, and
asingle amino acid substitution results in an activating mutation. In pancreatic
cancer, KRAS mutations, such as G12D, occur early during carcinogenesis, are
presentin 90% of tumors and associated with poor prognosis'®. These mutations
are used to differentiate between metastatic pancreatic cancer and primary
tumors in other mucinous tissues.

IHC stain:
Cell membrane

Recommended IHC antibody:

Recombinant Anti-Ras antibody [EPR23474-20] (ab275875)

Recombinant Anti-Ras (mutated G12D) antibody [HL-10] - BSA and Azide free
(ab289373)

View antibodies to KRAS
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MUC4

This transmembrane mucin protein provides a protective layer of mucus to

the apical surface of epithelial cells. MUC4 is expressed in pancreatic ductal
adenocarcinoma, but notin normal pancreatic tissue. In pancreatic cancer, it has a
proposed role in cancer progression and metastasis®.

IHC stain:
Secreted and cellmembrane

Recommended IHC antibody:
Recombinant Anti-MUC4 antibody [SP241] - C-terminal
(ab183320)

View antibodies to MUC4

Sécondary anti
on.contrdl. <5

Figure: Immunohistochemistry (Formalin/PFA-fixed paraffin-embedded sections) analysis of human pancreatic
carcinoma tissue sections labeling MUC4 with ab183320 at 1/100 dilution (0.49 pg/mL).

Excision repair cross-complementation group 1 (ERCC1)

ERCC1 is an emerging biomarker used in guiding the treatment of pancreatic
cancer. It functions in DNA repair, thus playing a role in the resistance to radiation
and platinum-based therapies. IHC localization of ERCC1 has, in some cases, been
associated with a positive response to chemotherapeutic agents for the treatment
of pancreatic cancer®.

ie Sy Y < ine
sf,.r:_‘g:g’-_ :’j v -_\_‘.’.‘. IHC stain:
h7L A e v Nuclear
" ot :‘, s !_.; :.‘.‘3.'.' .
= ' 5. 'y Recommended IHC antibody:
Lot Y., Recombinant Anti-ERCC1 antibody [EPR7277] (ab129267)

TR et View antibodies to ERCCT

Figure: Formalin-fixed, paraffin-embedded human lung carcinoma tissue stained for ERCC1 with ab129267 (1/100
dilution) in immunohistochemical analysis.

Epidermal growth factor receptor (EGFR)

Also called HER1 and c-erb-B1. Amember of the tyrosine kinase family of growth
factors receptors, EGFR shows over-expression in pancreatic cancers by IHC.
Increased EGFR expression in prostate IHC correlates with more advanced disease,
poorer patient survival and the presence of metastases, thus EGFR inhibition has
been an attractive focus for therapeutic intervention in pancreatic cancer?'.

IHC stain:
Cell membrane

Recommended IHC antibody:
Recombinant Anti-EGFR antibody [E234] (ab32198)

View antibodies to EGFR

Figure: FFPE IHC of human pancreatic carcinoma tissue sections labeling EGFR with purified ab32198 at 1/100
dilution (2.22 pg/mL). Negative control: PBS instead of the primary antibody.
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Topoisomerase I

This enzyme is essential for genomic stability, acting to remove DNA supercoils.
Topoisomerase I has been targeted by many inhibitors as a therapeutic strategy in
the treatment of pancreatic cancer. Overexpression of Topoisomerase Iis foundin
approximately half of all pancreatic cancers. It has been used as an IHC biomarker
in many clinical studies to monitor patient response to pancreatic cancer therapies
and as an emerging biomarker in monitoring the development of this cancer?2.

IHC stain:
Nuclear

Recommended IHC antibody:
Recombinant Anti-Topoisomerase I antibody [EPR5375] (ab109374)

View antibodies to Topoisomerase I

RRM1

RRM1 catalyzes the biosynthesis of deoxyribonucleotides from the corresponding
ribonucleotides for DNA synthesis. IHC assay of RRM1 in pancreatic cancer has
been used to predict patient response to chemotherapy?3. High expression levels
of RRM1 in pancreatic cancer may serve as a favorable prognostic biomarker?.

IHC stain:
Cytoplasmic

Recommended IHC antibody:
Recombinant Anti-RRM1 antibody [EPR8483] (ab137114)

View antibodies to RRM1

Claudin 4

Claudin 4 is overexpressed in the majority of pancreatic carcinomas, both in
early-stage lesions and advanced tumors. IHC assay of Claudin 4 offers targeting
for novel therapeutics of infiltrating pancreatic cancer. Identification of Claudin 4 in
the precursor lesions of pancreatic cancer suggests a potential benefit of IHC assay
for Claudin 4 as both early diagnostic and prognostic of pancreatic cancer®.

IHC stain:
Cell membrane

Recommended IHC antibody:
Recombinant Anti-Claudin 4 antibody [EPRR17575] (ab210796)

View antibodies to Claudin 4
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Cell type specific biomarkers

Immunoglobulin G4 (IgG4)

This is the least abundant of the IgG subclasses, representing just 6% of IgG. It is
commonly expressed in the pancreatobiliary region?® and is used in the diagnosis
of pancreatic cancer to distinguish between potential carcinoma and sclerotic
pancreatic tissue in cases of autoimmune disorders?’.

IHC stain:
Cytoplasmic

Recommended IHC antibody:
Recombinant Anti-IgG4 antibody [EP4420] (ab109493)

View antibodies to IgG4

FOXA2

FOXAZ2 is a winged-helix transcription factor that functions to promote
differentiation of pancreatic glucagon-producing alpha-cells and differentiation
and maintenance of insulin-producing beta-cell secretory and metabolic
pathways?%2%, This pancreatic tissue biomarker is expressed in both normal and
pancreatic ductal adenocarcinomas and may be used to identify pancreatic tissue
and metastatic cancers®.

IHC stain:
Nuclear

Recommended IHC antibody:
Recombinant Anti-FOXA2 antibody [EPR4466] (ab108422)

View antibodies to FOXA2

Carboxypeptidase A1

This pancreatic metalloprotease is expressed in pancreatic juice and acts as

a digestive enzyme on aromatic and aliphatic amino acid residues exposed

by the action of chymotrypsins and elastases. Mutations in this enzyme are
commonly associated with pancreatitis, while over-expression may be linked to
pancreatic cancers, allowing diagnostic differentiation via IHC between these
two conditions?'.

e & ¥ IHC stain:
Secreted

Recommended IHC antibody:
Recombinant Anti-Carboxypeptidase A antibody [EPR24384-69]
(ab278044)

View antibodies to Carboxypeptidase A1

Figure: Immunohistochemical analysis of paraffin-embedded human pancreas tissue labeling Carboxypeptidase
A with ab278044 at 1/4000 (0.135 pg/mL) dilution followed by a ready to use LeicaDS9800 (Bond® Polymer Refine
Detection).
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Pancreatic triacylglycerol lipase

Pancreatic triacylglycerol lipase is secreted by the pancreas and hydrolyzes
triglycerides in the small intestine. This enzyme is essential for the efficient
digestion of dietary fats.

Inhibition of pancreatic triacylglycerol lipase may prevent high-fat diet-induced
obesity in mice and result in weight loss in human patients with obesity. Variants
of this protein are commonly used in IHC as a biomarker for pancreatitis and may
be used to identify pancreatic tissue®.

IHC stain:
Secreted

Recommended IHC antibody:
Recombinant Anti-Pancreatic Lipase/PTL antibody [EPR6275]
(ab133556)

View antibodies to PTL

Figure: Immunohistochemical analysis of paraffin-embedded human pancreas tissue labeling Pancreatic Lipase/
PTL with ab133556 antibody at a dilution of 1/100.
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