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ABSTRACT

Immunohistochemistry in cancer diagnosis holds great
potenƟal to improve paƟent’s outcomes through enhanced
diagnosƟc accuracy andmore effecƟve treatment strategies.
AnƟgen-anƟbody interacƟons is one of its main objecƟves
that uƟlizes the specific binding of anƟbodies to cellular anƟ-
gens allowing for the precise idenƟficaƟon and localizaƟon
of specific proteins within Ɵssue samples. However, there
exist pracƟcal hitches in the form of Ɵssue fixaƟon, epi-
tope retrieval, and anƟbody quality. It is crucial to conƟnue
streamlining the techniques and scoring systems to guar-
antee their reliability in various contexts. Understanding
the interacƟons is pivotal for the accurate diagnosis, prog-
nosis, and future perspecƟves. As technology conƟnues
to advance and our understanding of cancer biology deep-
ens, immunohistochemistry will remain an invaluable tool
for precision in cancer diagnosis.

KEYWORDS: Principle of Immunohistochemistry, Cancer
diagnosis, DiagnosƟc Biomarkers

INTRODUCTION

Withmillions of new instances being diagnosed each year,
cancer conƟnues to be a major problem for world health.
In order to create effecƟve treatment strategies, a precise
cancer diagnosis is essenƟal, and Immunohistochemistry
(IHC) has emerged as a resourceful technique in the field
of oncology, playing a pivotal role in the diagnosis and
treatment of various cancers. [1] In this challenging seƫng,
Immunohistochemistry (IHC) shines as a ground-breaking
and revoluƟonary force. With the accuracy of a surgeon’s
scalpel, it cuts through the darkness of cancer to uncover
hidden complexity within the damaged Ɵssues enabling
the classificaƟon of cancers into various subtypes and
assisƟng in the selecƟon of effecƟve treatment approaches,

this technique also offers insighƞul informaƟon about the
molecular properƟes of tumors. [2]

The significance of IHC in cancer diagnosis becomes evi-
dent in its mulƟfaceted applicaƟons. By profiling the expres-
sion of receptors such as estrogen and progesterone recep-
tors in breast [3], HER2/neu in breast cancer [4], QuanƟta-
Ɵve assessment of the heterogeneity of PD-L1 expression
in non–small-cell lung cancer [5], IHC empowers clinicians
to make informed decisions regarding the choice of tar-
geted therapies, hormone therapy, or immunotherapy. In
addiƟon, IHC is a uƟlity in assessing the effecƟveness of
chemotherapy. [6]Furthermore, IHC holds promise for indi-
vidualized cancer therapy which adapts therapeuƟc regi-
mens to a person’s parƟcular molecular profile. Moreover,
the technique idenƟfied prospecƟve therapeuƟc targets by
detecƟng parƟcular protein biomarkers, such as the over
expression of the EGFR in non-small cell lung cancer (Lin-
deman et al., 2008). Oncologists may now choose the best
medicaƟons and therapeuƟc modaliƟes for each paƟent
thanks to this method which cleared the path for the devel-
opment of precision medicine. [2]

However, the true extent of IHC’s contribuƟons in cancer
detecƟon and treatment conƟnues to change despite its
extraordinary promise. The area of oncology is poised
to provide paƟents with more individualized and efficient
cancer treatment as researchers idenƟfy new biomarkers
and perfect the technique. Consequently, the present study
examined immunohistochemistry and its future prospect in
the detecƟon and management of cancer, diving into how
it would aid in uncovering important markers and targets
within cancerous Ɵssues, emphasizing its fundamental
ideas, pracƟcal uses, and implicaƟons for paƟent care.
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HISTORICAL OVERVIEW

Immunohistochemistry is a pivotal technique in the field
of pathology and oncology that enables the visualizaƟon of
specific proteins or anƟgens within Ɵssue specimens. This
secƟon provides an overview of IHC, its principles, applica-
Ɵons, and significance in diagnosing and characterizing can-
cer. Taylor et al. [2]emphasized the transiƟon from visual
scores to objecƟve grading systems with the introducƟon
of quanƟtaƟve immunohistochemistry which plays a crucial
role in pathology.

Figure 1: llustrates the Immunohistochemistry technique

The development of immunohistochemistry in the detec-
Ɵon and treatment of cancer is evidence of the tremen-
dous progress of medical research and its profound influ-
ence on oncology. This secƟon offers an examinaƟon of the
evoluƟon of IHC over Ɵme, highlighƟng the criƟcal turning
points that have influenced its relevance today. Immuno-
histochemistry originated in the late 19th century and is a
branch of the larger science of immunology. Albert Coons
and associates first proposed the idea of employing anƟ-
bodies to idenƟfy parƟcular anƟgens in the 1940s. [7]Their
groundbreaking study showed that anƟbodies could be used
to localize anƟgens within Ɵssue specimens which lay the
groundwork for the creaƟon of IHC techniques. However, it
was not unƟl the 1970s that this groundbreakingwork began
to be effecƟvely applied in the context of cancer diagnosis.
The applicaƟon of IHC to cancer diagnosƟcs gained momen-
tum with the discovery of monoclonal anƟbodies. In 1975,
Georges Köhler and César Milstein developed a method for
producing monoclonal anƟbodies, allowing for the genera-
Ɵon of highly specific anƟbodies that could target cancer-
related anƟgens. [8] This marked a significant leap forward in
the field of IHC, enabling the development of more precise
and reliable assays for detecƟng cancer biomarkers.

Over the course of the 1980s and 1990s, scienƟsts
improved IHC methods and discovered an increasing num-
ber of protein markers linked to cancer. For instance, IHC
proved helpful in determining the expression of the estro-
gen and progesterone receptors in tumor Ɵssues, which
have been recognized as important biomarkers in breast
cancer. [1]Another significant development was the idenƟ-
ficaƟon of HER2/neu overexpression in gastric and breast
malignancies, which opened the door for targeted treat-
ments like trastuzumab.

In the 21st century, IHC conƟnues to evolve, and its role
in personalized cancer treatment has become increasingly

significant. The discovery of new biomarkers, such as
programmed death-ligand 1 (PD-L1), has revoluƟonized
immunotherapy for various cancers. [5]In addiƟon, advances
in digital pathology and image analysis have streamlined
the interpretaƟon of IHC results, making it an even more
accessible and powerful tool for pathologists.

PRINCIPLE OF IMMUNOHISTOCHEMISTRY

IHC relies on the principle of anƟgen-anƟbody binding.
Tissue secƟons, usually obtained through biopsies, are fixed
on slides and treated to preserve the structural integrity of
the Ɵssue.Figure 1 These specimens are then subjected to a
series of steps involving deparaffinizaƟon, anƟgen retrieval,
and blocking of nonspecific binding sites.Figure 2 Primary
anƟbodies, highly specific to the target protein, are applied
to the Ɵssue secƟons. Subsequently, secondary anƟbodies,
conjugated to a visible marker such as an enzyme or a
fluorochrome, are introduced. If the primary anƟbody binds
to the target protein, the secondary anƟbody will also bind,
allowing the visualizaƟon of the protein of interest. [5, 9]

Figure 2: mmunohistochemistry flow chart. [10]

ANTIGEN-ANTIBODY INTERACTIONS IN
IMMUNOHISTOCHEMISTRY

At the heart of IHC is the crucial interacƟon between
anƟgens and anƟbodies forming the basis for its success
in various medical and research applicaƟons. In IHC,
anƟgens, which are proteins of interest, are targeted using
anƟbodies. These anƟbodies, designed to bind selecƟvely
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to their corresponding anƟgens, play a pivotal role. [11]The
basis for IHC’s ability to locate and visualize parƟcular
proteins within Ɵssue samples is anƟgen-anƟbody binding.
An immunocomplex, which can be idenƟfied and seen, is
created when an anƟbody aƩaches to its target anƟgen
in the Ɵssue slice.Figure 3 IHC is disƟnguished by the
specificity of anƟgen-anƟbody interacƟons. The method
can yield very specific and accurate findings by choosing
anƟbodies that accurately detect the protein of interest. [7]

For instance, the exact binding of anƟbodies to these
parƟcular protein targets is necessary for the evaluaƟon of
hormone receptor status in breast cancer, including the ER
and HER2 receptors. [2]

Furthermore, anƟgen-anƟbody interacƟons are central
to the ability of IHC to discriminate between different
cell types and idenƟfy pathological changes in Ɵssues. [12]

This capability has far-reaching implicaƟons, parƟcularly in
the diagnosis, prognosis, and treatment of diseases, such
as cancer. EssenƟally, the specificity of anƟgen-anƟbody
interacƟons determines how well IHC works. Researchers
and pathologists can invesƟgate the complex molecular
landscape of Ɵssues and diseases thanks to the interacƟon
between anƟgens and anƟbodies. This study ulƟmately
yields important insights into the underlying mechanisms
of a variety of pathological situaƟons. [5] Consequently,
the anƟgen-anƟbody interacƟon in immunohistochemistry
(IHC) is a fundamental concept in pathology that propels
improvements in the precision of diagnosis and customized
treatment.

Figure 3: Imunohistochemistry schemaƟc diagram

IMPORTANCE OF ANTIGEN-ANTIBODY INTERACTIONS

The anƟgen-anƟbody interacƟons in IHC are the corner-
stone of this powerful technique, enabling the specific and
sensiƟve detecƟon of proteinswithin Ɵssue samples. Under-
standing the significance of these interacƟons is pivotal for
the accurate diagnosis, prognosis, and research of various

diseases, especially in the context of cancer. Some impor-
tance of this interacƟon includes:

• Specificity and SelecƟvity: AnƟbodies used in IHC are
designed to specifically recognize and bind to a parƟc-
ular anƟgen. This exquisite specificity ensures that only
the target protein is detected within the Ɵssue sample.
Without this high specificity, cross-reacƟvity with unre-
lated proteins could lead to misleading results. [5]

• Signal AmplificaƟon: In immunohistochemistry, signal
amplificaƟon is based on the interacƟon of anƟbod-
ies with anƟgens. A single anƟbody-anƟgen contact
can provide a detectable signal by a variety of labeling
approaches, such as enzyme-linked anƟbodies or fluo-
rescent tags, increasing the assay’s sensiƟvity. [11]

• Signal AmplificaƟon: In immunohistochemistry, signal
amplificaƟon is based on the interacƟon of anƟbod-
ies with anƟgens. A single anƟbody-anƟgen contact
can provide a detectable signal by a variety of labeling
approaches, such as enzyme-linked anƟbodies or fluo-
rescent tags, increasing the assay’s sensiƟvity. [11]

• LocalizaƟon of Proteins: AnƟgen-anƟbody interacƟons
enable the precise localizaƟon of proteins within Ɵssue
secƟons. This spaƟal informaƟon is crucial for under-
standing the distribuƟon of specific biomarkers, aiding
in the diagnosis and prognosis of diseases, including
cancer. [1]

• QuanƟficaƟon: Accurate quanƟficaƟon of protein
expression levels is achievable due to the specificity
of anƟgen-anƟbody interacƟons. Researchers and
pathologists can assess not only the presence of the
target anƟgen but also its relaƟve abundance. [13]

• Research and Clinical ApplicaƟons: The ability to
perform IHC with high specificity transformed the field
of cancer research and clinical diagnosƟcs. It allows for
the idenƟficaƟon of tumor markers, determinaƟon of
receptor status (e.g., HER2 in breast cancer), and the
classificaƟon of different cancer subtypes. [11, 14]

NAVIGATING THE INTRICATE STEPS INVOLVED IN
IMMUNOHISTOCHEMISTRY

Immunohistochemistry (IHC) is the mulƟfaceted tech-
nique that allows us to peer into the microscopic world
of Ɵssues and glean vital informaƟon about their composi-
Ɵon. This invesƟgaƟve method, akin to following a carefully
craŌed roadmap, involves a series of intricate steps, each
essenƟal in unraveling the cellular mysteries that hold the
key to disease diagnosis and understanding. This technique
involves a series of expertly planned steps that culminate in
a stunning visual work of art; think of it like a trail of clues
leading to the discovery of buried treasure. The following
steps are involved in performing an IHC test:

1. Tissue preservaƟon: Human and animal biopsies,
or whole organs, are collected for preservaƟon and
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IHC analysis, depending on the requirements of the
researcher. Tissuemust be rapidly preserved to prevent
the breakdown of cellular protein and degradaƟon of
the normal Ɵssue architecture. OŌen, the Ɵssue is
perfused in vivo or in vitro, or simply rinsed free of
blood, prior to fixaƟon/preservaƟon. [10]

2. Tissue secƟoning: Thin secƟons of Ɵssues are aƩached
to individual glass slides. MulƟple small secƟons can
be arranged on a single slide for comparaƟve analysis,
a format referred to as a Ɵssue microarray. [10]

3. Blocking: To reduce background staining in IHC,
samples are incubated with a buffer that blocks the
non-specific sites to which the primary or secondary
anƟbodies may otherwise bind. [10]

4. Primary anƟbody incubaƟon: The primary anƟbody is
added to the sample and allowed to bind to the target
anƟgen. [10]

5. Secondary anƟbody incubaƟon: A secondary anƟbody,
which is conjugated to an enzyme or fluorophore, is
added to the sample and allowed to bind to the primary
anƟbody. [10]

6. DetecƟon: The target anƟgen is detected through
either chromogenic or fluorescent means, depending
on the experimental design. [10]

CANCER BIOMARKERS

Cancer biomarkers are molecules or geneƟc alteraƟons
that can be objecƟvely measured and evaluated as indica-
tors of normal or pathological processeswithin an individual.
These biomarkers play a crucial role in the diagnosis, prog-
nosis, and treatment of cancer. In recent years, the idenƟfi-
caƟon and characterizaƟon of cancer biomarkers revoluƟon-
ized the field of oncology, leading to more personalized and
effecƟve approaches to cancer management.Figure 4

DiagnosƟc Biomarkers

DiagnosƟc biomarkers are uƟlized to detect the presence
of cancer. They aid in early cancer diagnosis, allowing
for Ɵmely intervenƟon and improved treatment outcomes.
For instance, prostate-specific anƟgen (PSA) is a widely
known diagnosƟc biomarker for prostate cancer. [16] Its
measurement in blood helps idenƟfy prostate cancer at an
early stage.

PrognosƟc Biomarkers

PrognosƟc biomarkers are indicators that provide infor-
maƟon about a paƟent’s overall cancer outcome, indepen-
dent of therapy. IHC has played a pivotal role in idenƟ-
fying various prognosƟc markers in different cancer types.
For instance, in breast cancer, the assessment of Ki-67,
a proliferaƟon marker, through IHC has been associated
with prognosis. [17]Similarly, the expression of programmed
death-ligand 1 (PD-L1) in IHC has been recognized as a prog-
nosƟc factor in mulƟple cancers, including non-small cell

Figure 4: Cancer biomarkers by Wu et al. [15]

lung cancer (NSCLC) and melanoma. [18]

PredicƟve Biomarkers

PredicƟve biomarkers help determine the likelihood of
responding to a specific treatment. In the era of tar-
geted therapies and immunotherapies, the role of IHC in
idenƟfying predicƟve biomarkers is vital. EGFR expression
in IHC is predicƟve of the response to EGFR inhibitors in
NSCLC. [19]Likewise, the presence of hormone receptors in
breast cancer Ɵssues, as determined by IHC, predicts the
potenƟal benefit of hormonal therapy. [20]

IMPORTANCE OF IMMUNOHISTOCHEMISTRY

Immunohistochemistry (IHC) in the field of oncology and
cancer research, offers several criƟcal advantages in the
diagnosis, prognosis, and treatment of cancer paƟents.
IHC is a technique that uƟlizes the specific binding of
anƟbodies to cellular anƟgens, allowing for the precise
idenƟficaƟon and localizaƟon of specific proteins within
Ɵssue samples. [21] Its importance includes:

Diagnosis and Subtyping:

IHC aids pathologists and oncologists in accurately diag-
nosing cancers by idenƟfying key markers that disƟnguish
various cancer types. For instance, the presence or absence
of hormone receptors in breast cancer, such as estrogen and
progesterone receptors, is crucial for tailoring therapy. [20]

AddiƟonally, IHC can help differenƟate subtypes of lym-
phomas, a group of hematological malignancies that require
disƟnct treatment strategies. [22]
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PrognosƟc and PredicƟve Value:

Beyond diagnosis, IHC also provides criƟcal prognosƟc
and predicƟve informaƟon. Overexpression or absence
of specific markers can indicate the aggressiveness of the
cancer and its potenƟal to respond to targeted therapies.
For example, the assessment of human epidermal growth
factor receptor 2 (HER2) status in breast cancer through IHC
informs treatment decisions with drugs like trastuzumab. [23]

Personalized Medicine:

With the rise of personalized medicine, IHC has become
integral to tailoring therapies. It assists in selecƟng the most
effecƟve treatment modaliƟes by idenƟfying biomarkers. In
lung cancer, IHC is used to determine epidermal growth
factor receptor (EGFR) mutaƟons, guiding the use of EGFR
tyrosine kinase inhibitors. [24]

Research and Drug Development:

IHC also fuels cancer research and drug development.
It helps elucidate the molecular underpinnings of cancer,
enabling the discovery of new drug targets and the eval-
uaƟon of treatment responses in preclinical and clinical
trials. [25]

SIGNIFICANCE OF BIOMARKERS IN CANCER

Biomarkers play a pivotal role in the field of oncology
due to their mulƟfaceted significance. They offer valuable
insights into the detecƟon, diagnosis, prognosis, treatment,
and monitoring of cancer. [26]The significance of biomarkers
in cancer can be summarized as follows:

Early DetecƟon and Diagnosis: Biomarkers enable the
early detecƟon of cancer, oŌen before clinical symptoms
manifest. This early detecƟon can significantly improve
paƟent outcomes by allowing for Ɵmely intervenƟon and
treatment iniƟaƟon. [27]

Precision Medicine: Biomarkers facilitate the era of
precision medicine, where treatment decisions are tailored
to an individual’s unique geneƟc and molecular profile.
This approach maximizes treatment effecƟveness while
minimizing side effects. [28]

PrognosƟcaƟon: Biomarkers help in predicƟng the likely
course of a cancer, aiding clinicians in determining the
prognosis. PaƟents with poor prognosis may require more
aggressive treatments, while those with favorable prognosis
can opt for less intensive therapies. [29]

Treatment SelecƟon: PredicƟve biomarkers are instru-
mental in treatment selecƟon which provide insights into
how a paƟent is likely to respond to a parƟcular treatment.
This ensures advising therapies that aremost likely to benefit
them. [30]

Monitoring Response: Biomarkers assist in monitoring
a paƟent’s response to treatment. Changes in biomarker

levels can indicate whether a therapy is effecƟve, allowing
for treatment adjustments when necessary. [31]

Minimizing Overtreatment: Through precise diagnosis
and prognosis, biomarkers help in avoiding overtreatment.
PaƟents can be spared from unnecessary aggressive treat-
ments when their prognosis is favorable. [32]

Clinical Trials and Drug Development: Biomarkers are
essenƟal in the development of new cancer therapies and
the design of clinical trials. They help idenƟfy suitable
paƟent populaƟons for experimental treatments. [33]

PaƟent Empowerment: Knowledge of one’s biomarker
profile empowers paƟents by involving them in treatment
decisions. Informed paƟents can acƟvely parƟcipate in their
care. [34]

Cost-EffecƟve Healthcare: By ensuring that treatments
are directed towards those who are likely to benefit,
biomarkers contribute to cost-effecƟve healthcare by reduc-
ing the use of ineffecƟve therapies. [35]

IMMUNOHISTOCHEMISTRY IN CANCER DIAGNOSIS

IHC is an important tool in disƟnguishing cancer from non-
cancerous Ɵssue, as well as providing informaƟon on tumor
classificaƟon, staging, and prognosis. [11]

1. Tumor ClassificaƟon: IHC is instrumental in classifying
tumors based on their cellular origins. For instance, the
presence of cytokeraƟns, such as CK7 and CK20, can
differenƟate between various types of carcinomas, helping
to determine the primary site of a metastaƟc tumor. [36]

2. Receptor Status: IHC is crucial in determining the
hormone receptor status of breast cancer, such as estrogen
receptor (ER) and progesterone receptor (PR), which guides
treatment decisions. HER2/neu protein expression is
another criƟcal marker, influencing the use of targeted
therapies like trastuzumab (HercepƟn). [37]

3. Grading and Staging: Tumor grade and stage are
key factors in prognosis and treatment planning. IHC can
assess proliferaƟon markers, like Ki-67, to determine tumor
aggressiveness and cell proliferaƟon rates, thus influencing
therapeuƟc strategies. [38]

4. MutaƟon Analysis: In certain cancers, such as non-
small cell lung cancer, IHC is employed to idenƟfy specific
mutaƟons, like EGFR mutaƟons, which have implicaƟons for
targeted therapy using tyrosine kinase inhibitors. [24]

5. MetastaƟc Workup: When the primary site of a
metastaƟc tumor is unclear, IHC can be employed to idenƟfy
the Ɵssue of origin. It is parƟcularly useful in disƟnguishing
between primary and metastaƟc malignancies. [39]

6. Treatment Response Monitoring: IHC can monitor
changes in protein expression during cancer treatment. For
example, monitoring HER2 expression in breast cancer can
help in adjusƟng therapy based on changes in receptor

19 PerspecƟves in Medical Research |May - August 2024 | Vol 12 | Issue 2

www.pimr.org.in


www.pimr.org.in Gamde et al

status. [4]

CONCLUSION

Immunohistochemistry in cancer diagnosis holds great
potenƟal to improve paƟent’s outcomes through precision
medicine, enhanced diagnosƟc accuracy, and more effecƟve
treatment strategies. As technology conƟnues to advance
and our understanding of cancer biology deepens, IHC will
remain an invaluable tool in the fight against cancer.
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