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Abstract

The integration of pathology with molecular biology is vital if we are to enhance the translational
value of cancer research. Pathology represents a bridge between medicine and basic biology, it
remains the gold standard for cancer diagnosis, and it plays an important role in discovery studies.
In the past, pathology and cancer research were closely associated; however, the molecular biology
revolution has shifted the focus of investigators toward the molecular alterations of tumors. The
reductionist approach taken in molecular studies is producing great insight into the inner workings
of neoplasia, but it can also minimize the importance of histopathology and of understanding the
disease as a whole. In turn, pathologists can underestimate the role of molecular studies in
developing new ancillary techniques for clinical diagnosis. A multidisciplinary approach that
integrates pathology and molecular biology within a translational research system is needed. This
process will require overcoming cultural barriers and can be achieved through education, a more
effective incorporation of pathology into biological research, and conversely an integration of
biological research into the pathology laboratory.
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Introduction

The field of cancer research is in an exciting historical period as spectacular advances in
molecular and cellular biology are unveiling many of the fundamental mechanisms of
carcinogenesis [1, 2]. For example, novel technologies for high throughput molecular
profiling such as microarrays and next generation DNA sequencing are identifying unique
molecular profiles and mutation patterns in cancer cells [3, 4]. Entire new mechanisms of
gene expression regulation including epigenetics, i.e. DNA methylation, the histone code,
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and microRNAs, have been identified as key components in the process of cell
differentiation and tumorigenesis [5, 6]. A new bioinformatics discipline has evolved and is
now essential for the analysis and integration of large-scale molecular data sets [7, 8].
Moreover, the online availability of biomedical databases, such as Medline, allows a near
real-time evaluation of research being conducted across the world, accelerating scientific
inquiry [9]. Together, these advances are generating a comprehensive understanding of the
complex mechanisms involved in cancer and represent an ongoing scientific revolution [3,
10, 11]. According to Thomas Kuhn [12], progress is based on periodic phases in which a
paradigm shift opens a new dimension of knowledge that offers novel insights into
phenomena that could not be explained with the previous worldview, even permeating
beyond science into the cultural framework. In this regard, molecular and cellular biology
are offering novel insights into previously unexplained phenomena, such as the mechanisms
of Darwinian evolution, and these are percolating into modern culture and presenting new
realities and ethical challenges [13, 14].

Naturally, cancer research involves the study of the neoplastic cell and many of today’s
cancer research efforts are aimed at understanding the fundamental mechanisms that
underlie carcinogenesis. Indeed, an important body of knowledge has been obtained via the
study of cells retrieved from patients with cancer and grown in the laboratory, i.e. cell lines
[15]. However, analyses of the tumor microenvironment have revealed that cancer cells also
have critically important interactions with non-cancer, normal host cell populations, such as
fibroblasts and inflammatory cells [16-18]. As a consequence, the study of tumors in their
natural environment — the tissue — is of vital importance in cancer research and is a valuable
complement to studying cancer cell lines and other in vitro model systems (Fig. 1) [19-22].

During the first half of the last century, cancer research and pathology were fully integrated
disciplines in which pathology represented a natural bridge between biology and medicine.
The systematic histopathological study of tumors allowed classification and grading of
neoplasms, the prediction of tumor behavior, and the determination of appropriate therapies.
However, in the second half of the 20th century, the focus of researchers shifted more to the
molecular mechanisms of the cancer cell and less on an integrated understanding of the
complex nature of cancer as a biomedical entity with multiple levels of organization,
including: molecular, subcellular, cellular, microenvironment, whole organ, and patient [23,
24]. To many, it is increasingly evident that pathology is now an underutilized bridge
between biology and medicine, and that a multidisciplinary effort integrating pathology with
molecular research is necessary in order to improve cancer research efforts and ultimately
benefit patients.

What is pathology?

A brief historical background

Pathology is a medical specialty with the main goal of understanding the mechanisms
involved in disease and the use of this information to enhance clinical diagnosis and patient
care. Until the 19th century, pathology studies were limited to the gross examination of
morphological alterations of organs of the human body inspected at autopsy, which was
often performed by the same physician who treated the patient before death [25]. An
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important contribution to the field was the work of Giovanni Battista Morgagni, an Italian
physician, who in the 18th century published a comprehensive study of more than 600 cases
in which the clinical findings were correlated with the alterations found at the anatomical
level [25]. Morgagni’s work influenced medicine for the next century and established
anatomic pathology as a distinct medical specialty [25]. A second break- through occurred
in the 19th century, secondary to advances in optical microscopy [25]. The German
pathologist Rudolf Virchow systematically correlated the microscopic alterations at the
cellular and tissue levels with the gross findings at autopsy and with the clinical background
of patients [25, 26]. His work included the seminal microscopic descriptions of tumors that
were the bedrock for the classification of cancer, establishing the basis of modern
histopathology [25, 26]. Virchow’s findings led him to propose the concept of cellular
pathology: that the cell is both the basic unit of life and also the basic unit of disease [25,
26], and he focused on understanding the mechanisms of illnesses through cellular
alterations. During the 20th century, American surgeons and pathologists such as James
Ewing and Arthur Purdy Stout applied histopathology as a practical clinical tool, using small
samples of tissue or cells retrieved from patients for an expedited and functional diagnosis
that guided therapeutic decisions [27-29]. This resulted in the development of the primary
subdiscipline of surgical pathology. Today, surgical pathology is the gold standard for the
diagnosis of cancer and is complemented with ancillary techniques such as
immunohistochemistry (IHC), and more recently, molecular testing and profiling [30].

Molecular pathology

The discovery of biomarkers that are clinically relevant for diagnostics, therapy, and
prognosis, together with the development of consistent and reliable molecular techniques,
led to the incorporation of molecular testing as an ancillary technique for surgical pathology
[30]. A novel subspecialty called molecular pathology evolved as a clinical practice and
many universities and medical institutions offer fellowships in this discipline for the training
of young pathologists (Box 1) [31]. As a specific example, detection of genetic alterations
that are characteristically present in tumors is a test that is performed in a molecular
pathology laboratory [32]. In parallel, these pathologists often conduct research for the
identification of novel biomarkers, an area of research which is at the intersection of
histology and molecular/cellular biology; however, in general their role is typically focused
on clinical applications for diagnostic pathology as opposed to molecular research per se.
Also, since these are clinical tests that affect patient care, an important aspect of the
subspecialty is quality control testing and monitoring.

Why is pathology important in cancer research?

Cancerous tissues are complex, involving interactions between different tissue types

There is ample evidence that cancer cells actively interact with non-tumor cells in the
surrounding tumor microenvironment (Fig. 1) [16]; thus, tissue specimens are an important
resource for both primary research efforts and for validation of biological findings that are
made in the laboratory [19-22]. However, working with tissues presents four major
challenges to investigators. The first is sample acquisition, including the ethical and legal
rules that protect patient privacy and confidentiality. Tissue samples obtained through
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biopsies and surgical resections from patients, or even at autopsy, have a diagnostic priority.
Clinical specimens can be used for research only when: (1) the patient consents after being
carefully informed about the research study, (2) the planned studies have been officially
approved by an Institutional Review Board (IRB), and (3) the clinical analyses of the
specimen have been fully completed. As a practical matter, the acquisition of tissue samples
is best facilitated in centers where biological researchers and pathologists interact as a
multidisciplinary team and can closely coordinate their efforts.

A second challenge is the sampling of the tissue for histology and research [33, 34]. After
the removal of a tissue specimen from a patient, a gross inspection first needs to be
performed. The pathologist ensures that appropriate processing and sampling of the
specimen is completed for histological examination and potential molecular testing [33-35].
Since tissues and organs that contain tumors are highly heterogeneous with distinct areas of
cancer, necrosis, inflammation and normal tissue, gross inspection, and precise sampling are
essential for accurate clinical diagnosis [33-35].

A third challenge is the selection of the proper preservation technique for the tissue
specimen [35, 36]. Importantly, preservation is an “irreversible step” that will determine the
usefulness of the specimen for histopathological diagnosis and subsequent molecular testing
and research [36, 37]. The proper preservation of the tissue morphology and molecular
profile actually begins before the removal of the tissue sample. A prolonged time of
ischemia — when the tissue is devoid of blood supply — can profoundly affect the quality of
the specimen. Thus, good coordination between the surgeon and the pathologist can help to
reduce the time of cold ischemia, i.e. after the tissue sample is removed and before fixation,
resulting in better molecular preservation [35, 36]. The two primary preservation techniques
are chemical fixation, usually with a formalin solution followed by paraffin wax embedding,
and snap freezing [36, 37]. The microscopic examination of formalin-fixed, paraffin-
embedded tissue samples thin-sectioned onto glass slides and then stained with hematoxylin
and eosin (H&E) is the gold standard diagnostic technique for surgical pathology [30].
Unfortunately, formalin induces significant chemical alterations that lead to loss of integrity
of the biomolecules in the specimens and compromises many downstream molecular tests
[36, 37]. Alternatively, snap-freezing tissue samples better preserves the integrity of tissue
biomolecules; however, frozen tissues require special conditions for storage and handling,
and also result in lower histological quality, thus the pathological evaluation of frozen
sections can be difficult for many diseases [38].

Finally, a fourth challenge that investigators face when studying tissues is that specimens are
a complex mixture of normal and pathological cell types and thus require a careful
histopathological analysis as part of the research project to ensure that cells are accurately
identified [34, 35, 39]. Specifically, histopathological evaluation helps to identify the
presence and amount of tumor cells, including type, patterns of invasion, and grade, as well
as viability (vital vs. necrotic), and the presence and amount of other cell populations such
as inflammatory cells and fibroblasts [35, 39]. Furthermore, histopathological evaluation
may also include the analysis of IHC staining patterns and levels of target protein
expression.
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Indubitably, a lack of attention to pathological variables when studying tissue specimens can
have detrimental effects for the patient in the clinical setting as well as interpretation of the
molecular results in the laboratory [33, 34, 40, 41]. For example, there are cases in which
removed tissue was not sent for histopathological examination. One such case was a healthy
young patient with a small subcutaneous lump in the upper gluteus region that arose after a
subcutaneous vaccination. The physician assumed the lump was a local inflammatory
reaction and removed it for aesthetical reasons without sending the tissue to pathology. A
few years later, the lump recurred at the same site; a second physician performed a biopsy
with subsequent pathological examination that demonstrated the lump was actually a
dermatofibrosarcoma protuberans, a locally aggressive low-grade soft tissue tumor. This
time, the patient received the proper therapy, including a resection with wide margins, local
radiation therapy, and follow up examinations. In this instance, even though the clinical
history strongly suggested a benign process, proper pathological evaluation when the tissue
was removed for the first time could have avoided recurrence of the tumor.

Although the case selection for a study can be correctly based on the pathological diagnosis,
the tissue block that will be used for molecular extraction needs to be carefully examined.
For example, in a large-scale laboratory-based epigenetic study of lymph node specimens
with follicular lymphoma and follicular hyperplasia, two cases showed molecular data that
did not fit well in the global epigenetic classification, thus the investigators performed a
more extensive pathological analysis that showed the two tissue samples used for the
epigenetic profiling were not representative of the pathological condition being analyzed
and, therefore, were excluded from the study [42].

Another problem identified in research studies using animal specimens is what Cardiff et al.
have called the “do it yourself” (DIY) pathology attitude [34, 40, 41]. These authors pointed
out that many investigators perform their own pathological analysis, from the animal
necropsy sampling to the histopathological evaluation, often done by students or
investigators lacking proper training in pathology, with the risk of an inadequate
pathological study that can seriously affect the research results [34, 40, 41]. Concrete
examples cited by Couto and Cardiff [34] include incorrect sampling methods, such as
transgenic mice in a mouse model for thyroid cancer in which a consulting pathologist
received only the submandibular lymph nodes with no thyroid tissue and consequently, the
transgenic mice were not utilized properly. Another example is suboptimal tissue
preservation, such as in cases of mouse uteri with uninterpretable histology due to poor
fixation causing serious and irreversible damage to the sample that necessitates that the
experiments are repeated [34]. Finally, DIY pathology can lead to diagnostic errors
including the incorporation of tissues with benign processes, such as inflammation, instead
of actual tumor; examples include inflammation secondary to bacterial infection mistakenly
diagnosed as multiple myeloma, or ovarian cyst diagnosed as lymphoma [34]. The
development of DIY-pathology has increased recently due to the shortage of pathologists,
particularly those trained in assessing genetically engineered mouse models and in
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comparative pathology, a worrisome trend for future cancer research efforts [22, 33, 34, 40,
41].

Lastly, our own experience in developing and implementing laser capture microdissection
(LCM) emphasizes the importance of pathological variables when working with tissue
specimens for molecular cancer research [35, 39, 43]. LCM has become an important tool
for analyzing tissue samples by facilitating a microdissection-based isolation or enrichment
of specific cell types, such as cancer cells from complex specimens. Histopathological
evaluation is required since the molecular data depends on the correct identification of the
cells for dissection. Moreover, there is increasing scientific evidence demonstrating that
molecular profiling data obtained from whole tissue specimens, which contains multiple cell
types, is different from the profiling data obtained from microdissected cells of interest from
these samples [44-48]. Therefore, the use of upfront enrichment techniques such as LCM or
immuno-guided LCM is often necessary in order to obtain accurate molecular data, and this
approach depends on a proper histopathological tissue evaluation [47-49]. Table 1 shows
some of the most common issues related to inadequate pathological examination that we
have observed in our LCM Core lab.

Pathology studies often precede molecular characterization of cancers

The clinical diagnostic process in pathology involves the analysis of morphological
alterations in tissues and the correlation with the clinical background of the patients,
including medical history, radiological studies, and relevant laboratory tests. Therefore,
pathologists are in a unique and privileged position to enable translational cancer research.
For instance, pathology plays a continuing role in the identification and characterization of
new types of cancer as well as the clinical classification of tumors [29, 30, 50, 51]. As a
specific example, the discovery and development of targeted therapy of gastrointestinal
stromal tumors (GIST) began when pathologists recognized a morphologically different type
of spindle cell tumor in the gastrointestinal tract [30]. Biomedical researchers then
discovered a mutation in the c-kit receptor present in these particular tumors. Today,
pathologists utilize immunostaining to characterize c-kit expression in cases of GIST that
helps in predicting clinical outcome and assists oncologists in employing targeted therapy
[30]. As a second example, the new World Health Organization (WHO) classification of
lymphoid neoplasms represents a successful multiparametric approach to developing a
clinically useful schema for lymphomas [50]. Many of the tumor types contained therein are
characterized by distinct, although not unique, molecular alterations such as translocations
involving the c-MYC gene and the immunoglobulin genes in Burkitt’s lymphoma. Notably,
the identification of the molecular alteration in virtually all instances came after the
pathological identification of the tumor type, and not the reverse [50]. One might suppose
that discovery of new molecular aberrations would lead to the identification of new tumor
types, but the discoveries generally occur in the opposite sequence. Once the molecular
finger print of a tumor type is discovered, however, it becomes a valuable diagnostic tool.
Additionally, knowledge of the molecular phenotype leads to improved delineation of the
pathological entity and a better understanding of its clinical behavior and response to
treatment [50].
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Additionally, the integration of pathology with cancer research has led to several seminal
biomedical discoveries with important clinical value. Examples include the (t11;22)
(p13:912) translocation resulting in a EWS/WT1 transcript present in the desmoplastic small
round cell tumor, the discovery, and characterization of TMPRSS2-ERG gene fusions in
prostate carcinoma, the molecular characterization of solid carcinomas such as lung
adenocarcinoma, and the molecular genetics and pathological characterization of the
multiple endocrine neoplasia type 1 (MEN1) syndrome [11, 30, 52-54]. Pathologists have
also actively collaborated in the discovery of neoplasia associated with pathogens. Examples
include Epstein-Barr virus, Burkitt’s lymphoma, Hodgkin’s lymphoma and nasopharyngeal
carcinoma, and Human Papilloma Virus and cervical cancer, among others [55, 56].

Creating synergies between paradigms in pathology and cancer research

Cancer affects several biological levels of organization

One way to understand the complexity of biological systems is based on the concept of
levels of organization [57, 58], starting with the cell as the basic unit of life and disease,
followed by tissues as a functional group of cells, organ systems, and ultimately the whole
organism [57]. The historical evolution of anatomic pathology and cancer research echoes
the levels of organization of biology (Fig. 2). For instance, diseases were first characterized
as clinical entities at the organism level, and then correlated with alterations of anatomy and
organs, and finally Virchow introduced the study of disease at the tissue and cellular level.
Today the revolution of cellular biology has opened another new window: a molecular-level
mechanistic understanding of pathological processes.

During the process of carcinogenesis, molecular alterations influence the machinery of
cancer cells as well as non-cancerous cells in the tumor microenvironment [16, 59-61].
Because of the complex structure of cancer and its functional interaction with multiple non-
cancer cell types, tumors can be considered as organs [16]. From a histopathological point of
view, one can consider cancer a disease of the histion, which is a general pathology concept
defined as the basic functional unit of the tissue that composes a particular organ, for
example, the nephron in the kidney [58, 62—64]. The histion is comprised of parenchymal
cells, for example, the epithelium, and the associated stromal cells, for example, fibroblasts,
blood vessels, macrophages, etc. In the same way, the cancerous tissue can be considered as
a cancer histion; a basic functional unit composed of the cancer cells and the cancer-
associated stroma in which complex cancer biology processes such as angiogenesis,
epithelial-to-mesenchymal transition, and invasion take place (Fig. 1).

Understanding the emergent effects of cancer requires a holistic approach

Taking into account biological complexity, there are at least two ways to study cancer: a
reductionistic approach and a holistic or systems biology approach [23]. Reductionism
considers that a complex system can be understood in terms of its simpler parts and focuses
on analysis of individual components [23, 24, 58]. However, since many emergent properties
of a system cannot be explained strictly by reductionism, a systems approach is also needed
to understand the complexity of cancer [23]. For example, the characterization and
description of the types and varieties of p53 gene mutations in tumor cells enables a
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mechanistic understanding of the function of the gene. However, the clinical consequences
and effects on the patient require a holistic approach that combines information on tumor
type, location, grading, stage, clinical history, and available therapeutic options.

A new paradigm: A multiparameter model for the classification of cancer

Since cancer affects several levels of organization requiring a holistic approach, new models
of cancer classification integrating clinical, pathological, and molecular data are required
that are more efficient in terms of both biomedical research and clinical application. An
example of the success of a multiparameter model is the new WHO classification of
lymphomas mentioned previously, in which the integration of immunology, molecular
biology, pathology, and clinical parameters resulted in a more accurate classification of
lymphoid neoplasms that enhances clinical interpretation and translational studies [50].

Ideally, a systems pathology approach should be applied to cancer diagnosis in the future.
The synthesis of clinical information, morphology, and molecular biology will increase the
accuracy of cancer diagnosis. As an example, the diagnosis of sarcomas, malignant soft
tissue tumors, benefits from a multiparameter strategy and has been remarkably enhanced
with the incorporation of IHC and molecular markers, such as the detection of particular
translocations. However, these parameters alone are not sufficient for an accurate tumor
diagnosis and the correlation between clinical information (i.e. age, gender, and location of
the primary tumor), morphology (H&E), immuno-markers, and cytogenetics must be
incorporated in the diagnostic process [30].

Pathology and translational cancer research as an integrative approach

Translational research can be defined as the effort to “transform scientific discoveries arising
from laboratory, clinical, or population studies into clinical applications to reduce cancer
incidence, morbidity, and mortality” (www.cancer.gov/researchandfunding/trwg/TRWG-
definition-and-TR-continuum, National Cancer Institute, last accessed January 10th, 2011).
In a general sense, it is a biomedical effort to apply new knowledge generated from research
studies into clinical practice, often referred to as “from bench to bedside”. As a
multidisciplinary approach, translational research can efficiently close the gap between basic
science and medical practice as it aims to explain both the complex mechanisms of cancer as
a biological entity, and the clinical applications that benefit the patient from the therapeutic
standpoint (Fig. 2).

Progress has been made in recent years, yet an intensified integration of both disciplines is
still needed and will require overthrowing cultural barriers that sometimes are obstacles (see
Box 2). Today, the challenge for pathology is similar to when, a century ago, Virchow
incorporated cell-based studies into pathology. In the same way, pathologists today are
called to include the new molecular dimension of disease within an established
histopathological framework of knowledge and a clinical perspective. Stenzinger et al. [26]
have suggested that today Virchow would probably reinvent morphological-based-
pathology at a complex functional level: systems pathology. Indeed, a systems biology
approach would be the ultimate future endpoint of pathology as a clinical practice [65-67].
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As a practical matter, the integration of pathology into translational research can be
accomplished in multiple ways, including: educational meetings between pathologists and
cancer researchers; reinforcement of the value of comparative pathology that analyzes the
similarities and differences between human samples and tissue from model systems; and,
incorporation of novel analysis techniques for tumors that enable molecular measurements
while preserving histopathological information. On one side, education is a powerful tool for
teaching biologists the basic histopathological concepts needed to improve their research
and to compare and validate the experimental data with the disease process as they occur in
the human patient [22, 33, 34]. On the other side, a comprehensive education in the
molecular and cellular biology of cancer, basic bioinformatics tools, and systems biology
will be an important complement to the curriculum of anatomic pathology trainees. Because
of the shortage of pathologists available for biological research [33], career stimulus for
investigative pathology and comparative pathology will be of strategic importance for
translational research as a distinct scientific discipline in the future.

Conclusions

We are in the midst of a scientific revolution in molecular biology that is providing novel
mechanistic explanations for biological phenomena ranging from Darwinian evolution to
medicine, including cancer research. However, the advance of a scientific discipline into a
new dimension of knowledge should not necessarily nullify previous principles if they have
been properly validated. Pathology represents a vast body of knowledge that has been
clinically validated over decades, therefore, molecular cancer research efforts should seek to
build upon, advance, and integrate with validated pathological principles and observations.
As a matter of fact, cancer is a highly complex and heterogeneous group of diseases, thus
cancer research requires a holistic and multidisciplinary approach in order to understand its
multidimensional characteristics.

Neglecting pathology in cancer research involves the risk of generating a growing pool of
molecular profiling information for cancers that includes poorly validated data. This can
slow down progress in translational medicine and further increase the gap between
biological discoveries and their efficient clinical application in patients with cancer. Modern
pathology continues to play an active role in the discovery and characterization of diseases.
Consequently, pathology will continue to represent a natural bridge between medicine and
biology that can inform and enable investigators’ research efforts in the laboratory, and in
turn assist clinicians in translating new scientific knowledge into medical practice for the
benefit of the patient.
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Pathology, surgical pathologists, and cytogeneticists

Pathology means the study of disease; thus, this term can be widely applied in biology,
for example, plant pathology. However, in this article we use the terms “pathology” and
“anatomic pathology” to refer to the human medical field with a diagnostic emphasis,
encompassing morphological analysis at the anatomical and histological levels, as well as
related molecular alterations. “Histopathology” specifically refers to the histological,
microscopic alterations related to specific pathologies. “Surgical pathology” is focused
on the clinical diagnosis of biopsies or surgical specimens removed from patients. Due to
the complexity of human disease, anatomic pathology has evolved into several
subspecialists.

. A pathologist is a physician who specializes in anatomic pathology and
provides clinical diagnoses from biopsies, cytological, and surgical specimens
from live patients, and also performs the medical autopsies.

. A surgical pathologist is a pathologist specially focused on the clinical
diagnosis of biopsies and surgical specimens removed from patients. In
general, a surgical pathologist receives specialty training through a clinical
fellowship after completion of an anatomic pathology residency and usually
works as an active member of a clinical team. Surgical pathology can be
further subspecialized into specific groups of diseases such as
hematopathology or dermatopathology. Because of the important clinical role,
the major training programs in pathology today are focused on surgical
pathology.

. A cytogeneticist is a highly specialized biologist, often with a doctoral degree
(PhD), who focuses on both research and cytogenetic tests of clinical samples,
for example, the detection of specific translocations using the fluorescence in
situ hybridization (FISH) technique for the diagnosis of a particular
neoplasm.

In summary, a pathologist is a physician who integrates clinical information from patients
with morphologic and IHC findings, including the data provided by molecular or
cytogenetic tests. A board certified pathologist is qualified to sign the final clinical
diagnosis in a pathology report, thus undertaking the medico-legal responsibility
regarding subsequent therapeutic decisions for the patient based on the report.
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Cultural barriers that hinder the integration of pathology with molecular cancer
research

Better integration between pathologists and basic investigators will require overcoming
cultural barriers:

. The clinical priority of modern surgical pathology. In the past, pathology was
focused on the causes of diseases and was closely associated with cancer
research; however, during the 20th century surgical pathology became a
medical speciality with a clinical diagnostic purpose that shifted the focus of
pathologists toward a pragmatic application of morphologic and molecular
tools, and distancing surgical pathologists from the basic research
environment.

. The advancing specialization of the medical and scientific fields. The
increasing amount of medical and scientific knowledge is opening new fields
of specialization and subspecialization in both science and medicine. For
example, pathology has evolved to surgical pathology and then into
subspecialized pathology experts. In the same way, biological investigators
have specialized in particular fields and study specific molecular aspects
involved in cancer, such as particular pathways involved in carcinogenesis or
the role of a specific family of proteins in cellular metabolism. The amount of
scientific knowledge has grown to such magnitude that today it is not possible
for one person to be an expert across all fields. The high specialization in
sciences and medicine forces investigators and physicians to choose a career
focus, for example, pathology practice versus basic cancer research. This is a
dilemma that has been recognized in the career of young pathologists [68],
which can slow down progress by loss of a big picture view.

A multidisciplinary integration among diverse specialists is the best strategy in moving
translational research forward, providing both physicians and basic investigators with the
opportunity to exchange ideas, understanding, and visions, leading ultimately to the
eradication of disease in cancer patients.
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Figure 1.
Comparison of phenotypic features of cancer cells in their natural environment versus a

xenograph implanted into a mouse. Both A and B are images taken from H&E stained slides
at the same original magnification (200 x); the scale bars represents 200 pm. A: Typical
aspect of a ductal carcinoma, the most common histological type of human breast cancer.
Tumor epithelial cells are arranged in diverse architectural patterns (e.g. see upper side of
this field and black arrows). The tumor epithelial cells are in intimate relation with the
stroma that is composed of multiple non-tumor cell types including blood vessels (white
arrows), fibroblasts, and inflammatory cells. The functional unit of tumor and cancer
associated mesenchymal cells can be considered as the cancer histion. B: Morphological
phenotype of human breast ductal carcinoma isolated and cultured as a cell line, and
subsequently implanted as a xenograft into a mouse. The morphology of this model system
is distinctly different from that observed in patients; here the ductal carcinoma cells grow as
solid sheets, showing higher atypia, increased mitotic activity, and a different shape and size
than in their natural tissue environment. The functional structure of the tumor
microenvironment — the cancer histion — is lost in this model.
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Evoiution of pathoiogy and diagnosis
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Figure 2.
Schematic diagram showing the evolution of pathology from the anatomical level to the

molecular level, in which clinical information is integrated with morphological changes at
the anatomical and histological levels and with the alterations at the molecular level.
Translational research allows novel biomarkers, discovered or validated in pathological
tissues using molecular studies, to be used in the clinic as potential markers for diagnosis,
prognosis, or therapy. Finally, a new systems pathology approach is needed to enhance
integration of molecular biology and pathology.
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Table 1.

Problems associated with pathological evaluation of specimens for laser microdissection or histopathological
analysis for research studies observed at the laser capture microdissection (LCM) core laboratory

Problem

Description or examples

Lack of H&E slides from the tissue specimens

Lack of knowledge of the histopathology of the
specimens

Lack of validation of animal cancer models
with human cancer
Inappropriate preservation methods

Inappropriate storing or shipping methods

Inappropriate freezing methods

Inappropriate tissue sampling

Lack of controls on IHC

Equivocal interpretation of IHC results

Pathology review from each tissue block is a necessary step before any experiment involving
tissue samples; this step also helps with proper planning of the experiments

Learning the histopathology of the type of tissues and pathologies used in a specific project
helps with the correct LCM of the target cells and also helps with the correct analysis and
interpretation of the data, such as IHC results

Using animal models representative of specific cancers without comparing the
histopathology of the animal model with the human counterpart

For example, using formalin fixed tissue specimens may present limitations in molecule
integrity for certain
large-scale platforms like gene expression arrays

For example, forcing fresh big tissue samples into small tubes and freezing them. The
integrity of the sample can be irremediably affected in this way

Certain tissues like brain require special care, i.e. very fast freezing and cryopreservation
techniques, otherwise water crystals secondary to a slow freezing process will irreversibly
affect the tissue integrity

Certain studies may require a specific type of sampling; for example, regional inflammatory
colon diseases may require systematic samples from proximal, medium, and distal colon for
a proper histopathological evaluation

IHC should be routinely performed with positive and negative controls

IHC must be carefully interpreted after satisfactory evaluation of positive and negative
controls to rule out unspecific background staining. Knowledge of the expected subcellular
location of the targeted protein usually helps in the interpretation of IHC
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