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KEYWORDS Summary Recent advance in three-dimensional (3D) imaging technology allows us to inspect
Oral squamous cell visually and quantitatively the architecture of complex biological tissues and pathological
carcinoma; lesions. We initiated histology-based 3D reconstruction of oral squamous cell carcinoma (SCC)
Invasion front; in order to collect quantitative information of diagnostic value regarding cancer invasion and
Histopathology; prognosis. The basic procedures for 3D reconstruction are: preparation of serial histological
Immunohistochemistry; sections in combination with immunostaining of cell/tissue constituents of interest, alignment
3D reconstruction and superposition of digitized images, computer-assisted color segmentation of labeled targets,

and finally viewing and morphometric analysis of the reconstruct. Our past experience showed
that cytokeratin-positive tumor parenchyma can be segmented readily from the surrounding
stroma with the aid of Image-J and RATOC TRI-SRF2 software. Cytoplasm/nucleus segmentation of
individual SCC cells was also feasible at higher magnifications, leading to quantitative analysis of
several histological parameters in tissue space, e.g., parenchyma and stroma volume, nuclear
numbers and nuclear/cytoplasm volume ratio, as well as proliferation activity of cancer cells by
counting separately the number of Ki-67 positive and negative nuclei in the parenchyma. The
results support the wide potential usage and advantage of histology-based 3D reconstruction in
cancer biology understanding and pathological diagnosis.
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1. Introduction

About 90% of cancers originate from epithelial tissue. Organs
such as the skin and oral—pharyngeal mucosa are continu-
ously exposed to environmental insults, so that squamous cell
carcinoma (SCC) is the primary tumor type in head and neck
cancer. At present, head and neck SCCs hold the seventh
position in the worldwide cancer statistics, largely as a
consequence of abundant tobacco smoking and alcohol con-
sumption in industrialized countries [1,2]. Although poten-
tially curable by local radiotherapy and surgical resection,
the overall 5-year survival rate of the malignant tumors is
only 50%, largely because of the propensity of some tumors to
disseminate via the lymphatics to regional lymph nodes [3].
Hence, there is an urgent need to identify characteristics of
the primary tumor that might predict nodal metastasis.

It is now clear that cancer arises through a multistep,
mutagenic process whereby cancer cells acquire a common
set of properties including unlimited proliferation potential,
self-sufficiency in growth signals, and resistance to antipro-
liferative and apoptotic signals [4—7]. In addition to the
genetic background of cancer cells, much attention is now
directed to the interactive nature and outcome between
tumor cells and host stromal cells, on the basis of supposition
that host stromal cells profoundly influence many steps of
tumor progression, such as tumor cell proliferation, invasion,
angiogenesis, metastasis, and even malignant transformation
[8—11]. Pathologists routinely examine tumor growth and
invasion progressing in a complex microenvironment that is
regulated by both tumor cells and host stromal cells, making
diagnosis regarding their origin, malignancy and prognostic
prospects. In such conventional pathological diagnosis even
with serial sections of a good quality, it is difficult, if not
impossible, to grasp the three-dimensional (3D) structure of
cancer lesions in a complex microenvironment under a micro-
scope. In this sense, 3D histomorphometric parameters
regarding tumor alveolar structure and spatial distribution
of cancer foci in a microenvironment will be of inexpensive
value in prediction and diagnosis of tumor aggressiveness and
malignancy.

Recent advance in 3D imaging technology allows us to
inspect the details of tumor architecture [12—15]. In the past
few years, we initiated to reconstruct SCC architectures at
the invasion front using serial histological sections and, on
that basis, to document growth and invasion patterns of SCC.
In this communication, we aimed to overview the current
status of histology-based 3D reconstruction by showing an
example of visualization of SCC arising on the lateral border

of the tongue. The use of archival human tissues in this study
was performed in accordance with the Declaration of Helsinki
and was approved by the Institutional Review Board of the
Nippon Dental University.

2. How to reconstruct a 3D architecture of
squamous cell carcinoma

The common procedures for histological 3D reconstruction
are: preparation of paraffin-embedded tissue specimens,
staining or labeling of serially cut sections with specific mar-
kers depending on the nature and properties of targets of
interest, alignhment of the serial sectional images (i.e., image
registration), automated segmentation of the labeled struc-
ture(s), and viewing and morphometric analysis of the recon-
struct [16]. Inthe literature, several techniques for automated
3D reconstruction using paraffin-embedded histological sec-
tions have been documented [12,17—19], but each of the 3D
reconstruction procedures, particularly the distortion-free
image registration, yet remained as major challenges. An
alternative approach to circumvent the use of serially cut
sections is the reconstruction of certain tissue components
(e.g., blood vessels in a stromal space) by means of laser
scanning confocal microscopy (LSCM) from a single, thick,
paraffin-embedded tissue sample [20]. Introduction of LSCM
makes use of optical sections, eliminating the need for image
registration. However, due to optical limitations this techni-
que is usually limited to 50—100 um thick tissue fragments
[21]. Moreover, Linet al. [19] pointed out that the use of a thick
paraffin-embedded section for LSCM observation, instead of
serially cut sections with the intention to avoid heterogeneous
distortions from section to section, may bring about uneven
penetration of antibodies into the thick paraffin-embedded
tumor region, making it difficult to discriminate between the
absence of a signal and a lack of complete penetration of the
antibody of interest. Another method to avoid image distortion
caused by physically cutting sections is by using the cut face of
a tissue block for image registration, instead of the resulting
sections themselves [22]. In this technique, gross structures
with the intrinsic color or autofluorescence can be captured
and registered in a semi-automated manner, but a major
drawback is the limitation of applying extrinsic labelings for
specific visualization of microscopic structures of interest [13].
In contrast, the use of serial histological sections has the great
advantage that immunohistochemical staining can be applied
on archival, paraffin-embedded material for recognition of
cells and tissue components in the same way as pathologists
routinely examine under light microscopy.
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In the following paragraphs, we explain briefly the basic
procedure of 3D reconstruction we have developed using
paraffin-embedded, serially cut histological sections in com-
bination with dual immunostaining to facilitate recognition
of multiple components in tumor lesions.

2.1. Preparation of consecutive histological
sections and immunostaining

A case of SCC shown in Fig. 1A was selected from the archives
of the Surgical Pathology Laboratory, Nippon Dental Univer-
sity Hospital. Tissue specimens were fixed in 10% formalde-
hyde and sectioning of paraffin blocks for 3D reconstruction
was performed on an electronic, motorized, rotary micro-
tome (Microm HM 355S, MICROM International GmbH, Wall-
dorf, Germany). One critical technical point was the use of a
tissue-array apparatus (Azumaya, Model KIM-1, Japan) yield-
ing a tissue core biopsy of 3 mm in diameter (Fig. 1B and C),
which made it possible to obtain constantly 200—600 serial
sections with equal thickness and minimal distortion of sec-
tions from regions of interest. As described later, the pre-
paration of uniform, circular sections much helped to save
time and efforts in recording digital images and subsequent
computation steps for image registration. Visualization of
multiple components was usually performed by dual immu-
nohistochemical staining using the avidin—biotin-complex
that can highlight the structural features of interest in a

combination of discrete colors. For instance, in order to
visualize the proliferation activity of cancer cells in SCC,
the cytokeratin-positive tumor parenchyma was stained
using diaminobenzidine tetrahydrochloride (DAB), while
the Ki-67 positive nuclei were discriminated using Vector
Blue. In order to improve the signal to noise ratio during
image acquisition, no counterstaining was used in this case.

2.2. Image acquisition and registration

Red—green—blue (RGB) color images of consecutive serial
sections were acquired using a CCD camera (AxioCam MRC,
Carl Zeiss, Germany), attached to a conventional transmitted
light microscope (Eclipse E600, NIKON, Japan). For securing
high spatial resolution, histological images were acquired
using a 10-times objective and stored as 32 bit RGB TIFF
format (size 1388 x 1040 pixels). When using the CCD cam-
era, it was necessary to align carefully the targeted histolo-
gical objects with a rotating microscope stage. Practically,
individual microscopic fields in series were set as closely as
possible in the same position by comparing a live color image
of the section under examination with contours of the
already captured profiles in an overlay display. It is notable
that the outcome of image registration alignment of con-
secutive serial sections depends to the utmost extent on the
performance of this ‘rough’ initial alignment that can correct
mainly for shifts and rotations of sections on the glass slides.
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Figure 1

(A) Microphotograph of a case of tongue squamous cell carcinoma with hematoxylin and eosin staining. (B) Immunostaining

of a consecutive section with a cocktail of cytokeratin antibodies, i.e., AE1/AE3, 34B8E12 and MNF116. A tissue core biopsy of 3 mm in
diameter, as shown circle, was dissected out of the deepest invasion front using a tissue-array apparatus. (C) Preparation of serial
sections (4 um thick) from the core specimen and subsequently their immunostaining using cytokeratin and Ki-67 antibodies. The
region of tumor invasion front, indicated by a frame, was captured for 3D reconstruction with a CCD camera. (D) Alignment of serially

captured images in the z-direction.
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At present, we also utilize a virtual microscope (NanoZoomer
RS, Hamamatsu Photonics, Japan), which provides a great
advantage of automated, high-speed and high-resolution
digitization of consecutive images in series.

After storage of an entire series of digitized images, the
computer-assisted image registration was executed for more
accurate, fine-tune alignment, including correction for
shifts, rotations and stretching in x and y direction
(Fig. 1D). To this purpose, we have used both open-source
Image-J (http://rsb.info.nih.gav/ij/downlood.html) and
commercially available TRI-SRF2 (Ratoc System Eng. Co.,
Japan) software. It is notable that Image-J is efficient and
highly useful for 3D alignment of multiple consecutive cir-
cular images, which were recorded from the tissue-array
specimens, without specific reference points corresponding
to the fiducially marker. In some cases of image registration,
however, we experienced the failure of conversion in com-
putation using Image-J, so that we needed the introduction
of reference points with the aid of TRI-SRF2.

3. Three-dimensional reconstruction of SCC
at the invasion front

The architecture of SCC in general becomes more irregular
and complex with increasing malignancy. In the literature,
much effort has been given to assess invasion patterns on
microscopic slides with reference to pathologic and clinical
data [23—27]. To date, several investigators [23,28,29] docu-
mented malignancy grading systems based on the character-
istics of the deep invasive front area of oral SCC, but
controversies yet continue as to what criteria with respect
to the invasive front characteristics of oral SCC is indeed of
prognostic value [30,31]. The microscopic features of cancer
lesions are usually assessed in two-dimensional (2D) histolo-
gical slides, but the actual shape and configuration of micro-
scopic structures cannot be extrapolated on the basis of
examination of histological sections alone. Of particular
importance in pathological diagnosis, an anastomosing net-
work of tumor strands in tissue volume may appear in 2D
sections as discontinuous segments of small foci. The nature
of continuity or sequestration of cancer cells certainly
reflects their biological propensity or malignancy. In the
following paragraphs, we present an example of the 3D
feature of SCC at the deepest invasion front.

3.1. Segmentation of cancer cells and nuclei

Microscopic examination of the SCC case with hematoxylin—
eosin staining showed that the cancer lesion expanded and
invaded into tongue muscle with moderate peritumoral
inflammation (Fig. 1A). To detect and delineate tumor par-
enchyma from inflammatory cell infiltrating stroma, we per-
formed immunohistochemistry using cytokeratin antibodies.
One practical problem encountered for segmentation of tumor
parenchyma from the surrounding stroma was the heteroge-
neous properties of cancer cells with respect to their cytoker-
atin expression. We first screened with a variety of anti-
cytokeratin antibodies and, based on their adequate selective
and intensive immunoreactivity for tumor cells, we used a
cocktail of three antibodies, i.e., AE1/AE3, 34BE12 and
MNF116, for the current 3D reconstruction. Immunostaining

with the cocktailed antibodies proved that DAB colored cancer
parenchyma vyielded high contrast sufficiently enough to
demarcate the parenchyma—stroma margin by means of the
automated RGB color-gradient segmentation without any
operator-dependent subjectivity such as drawing by hand of
the presumed parenchyma—stroma borderline. Following the
labeling of the parenchyma region, the stroma was isolated by
subtracting the parenchyma region from the whole tissue
volume with the aid of computation logics of inversion/sub-
traction procedure on the basis of the binary gray levels.
According to the same computation logics, both Ki-67-positive
and negative nuclei embedded within the cytokeratin-positive
cancer cytoplasm were segmented autonomously. In this seg-
mentation of nuclei, we adopted one criterion that all binary
objects assigned as nuclei should have connection between
two consecutive images, while all binary signals in an image
without connection with corresponding objects in adjacent
images should be deleted as noise signals. The results of
segmentation for each microscopic field were validated by
overlaying segmented elements in the original immunostained
section on a computer screen.

3.2. 3D visualization of SCC tumor architecture

Fig. 2 stems from an image stack of 50 serial sections of 4 um
thickness that focus on the invasion front of SCC as shown in
Fig. 1. On 2D views, it was not easy to make diagnosis on
whether individual cancer foci were in a form of continuing
strands or islands but, on 3D view, it was verified that cancer
parenchyma (Fig. 2A) comprised of interconnected strands
and resulted in finger-like infiltration into the stroma
(Fig. 2B). In addition to visual inspection, application of
the computation logics, i.e., the labeling/erosion/dilation
of the segmented 3D data, helps to validate the continuity of
tumor parenchyma and, if any, to assess quantitatively the
number, size and spatial distance of individual cancer foci
that are circumscribed separately in the stroma. We call this
image processing as ‘‘virtual microanatomy”’ of cancer archi-
tectures. In this case of SCC, this image processing indeed
validated the continuity of cancer parenchyma in the recon-
structed region. According to the documented invasive front
grading of SCC, four patterns of cancer invasion based on 2D
view were postulated: (1) pushing, well delineated infiltrat-
ing borders, (2) infiltrating, solid cords, bands and/or
strands, (3) small groups or cords of infiltrating cells, and
(4) marked and widespread cellular dissociation in small
groups and/or in single cells [28,29]. In our case of SCC,
2D view support grade (3) but, on the available 3D view, it
may be appropriate to assign it into grade (2). Obviously,
taking into the loco-regional heterogeneity of cancer cells, it
is needed to scrutinize three-dimensionally over a wider
invasive front and larger tissue volume for making concrete
diagnosis. Superposition of Ki-67 positive and negative nuclei
onto the parenchymal space provided evidence for the high
cellular density and high proliferation activity of cancer cells
(Fig. 2C and D). Remarkably, Ki-67 positive nuclei aligned
preferentially along the parenchyma—stroma margin and at
the tip of finger-like infiltration into the stroma. The polar-
ization of high mitotic activity supports the theory that most
aggressive cells reside in the deepest invasive front of the
tumor [29].


http://rsb.info.nih.gav/ij/downlood.html

3D analysis of oral cancer growth and invasion

21

Figure 2

(A) 3D viewing of the segmented tumor parenchyma comprising the interconnected strands of cancer cells. (B) The

segmented stroma leaving the holes corresponding to the parenchyma. (C) Superposition of Ki-67 positive nuclei on the parenchyma.
(D) Superposition of Ki-67 negative nuclei. The segments of cells and nuclei were visualized in 3D using a polygonal approximation of the
object surfaces. Note the higher density of Ki-67 positive nuclei, indicative of high proliferation activity.

3.3. Morphometric analysis of cancer cells

A great advantage of 3D analysis of tumor architecture is the
capability of quantification over thousands or more of cells
and nuclei, improving the reliability of diagnosis-useful para-
meters. Quantitative data obtained from the reconstructed
SCC at the invasion front were: within an overall recon-
structed tissue volume of 2.96 x 10® um?, the tumor par-
enchyma filled 0.77 x 108 um?, while the stroma with blood
and lymphatic vessels and infiltrating cells corresponded to
another 2.19 x 10® um?3. Within the parenchyma region, the
nucleus—cytoplasm (N/C) volume ratio was about 0.12 and
the total number of nuclei assigned for both Ki-67 positive
and negative amounted to 5748 and 3484, respectively,
indicating that the proliferation activity of cancer cells at
the invasion front, expressed by the ratio of Ki-67 positive
nuclei/total nuclei, was 62%. Our recent experiments proved
that the utilization of virtual microscopy for image acquisi-
tion improves markedly the quality of recorded digitized
images, particularly their spatial and RGB color resolution,
that is essential to the accuracy and precision of 3D visua-
lization and quantification.

4. Perspective of 3D reconstruction
approach in relation to oral cancer biology
and diagnosis

A better understanding of the mechanisms underlying pro-
gression and invasion/metastasis of oral cancer is essential
to improve prognosis prediction and treatment modalities,
because it is of great concern that little improvement in 5-

year survival rate of sufferers have been achieved over the
last 25 years [1—3,23—29]. Current treatment regimes are
guided at least in part by traditional clinico-pathologic
factors such as TNM stage, histological grade and patient
age. Recent research endeavor has been directed to the
tissue specificity of carcinoma—stroma interactions that
most likely accounts for a tissue- and cell-type specific role
of the microenvironment in carcinoma development [8—
11]. Tumor microenvironment includes extracellular
matrix, blood vasculature, inflammatory cells and fibro-
blasts (Fig. 3). These considerations support the impor-
tance of novel diagnostic scheme and modalities that are
based on the spatial organization of carcinoma in the
coherent microenvironment. In this respect, the histol-
ogy-based 3D reconstruction of SCC is undoubtedly useful
for understanding of tumor parenchyma—stroma interac-
tions and regional distribution of multiple tissue constitu-
ents. As described in the preceding paragraphs, the
principle and laboratory procedure of 3D reconstruction
we developed are applicable on serial sections of a variety
of tissues and structures. At present, the potential of the
histology-based 3D reconstruction is mainly limited by the
availability of unequivocal cellular and molecular markers
that specifically visualize the object(s) of interest by immu-
nohistochemistry or other techniques. In light of the recent
innovation and advances of automated instrumentation and
technology in the field of surgical pathology as described
later, we believe that in the coming few years, 3D exam-
ination of tumor specimens is becoming a common practice
in cancer research and histopathologic diagnosis, specifi-
cally regarding tumor-associated angiogenesis and lym-
phangiogenesis.
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4.1. Visualization of a network of blood vessels
in solid tumors

The most promising field for 3D investigation is the micro-
vascular architecture in normal and pathological tissue.
Angiogenesis, one of the critical steps required for solid
tumors to grow beyond their dormant state [32], relies on
the formation of new blood vessels by endothelial cells
through either the sprouting or intussusception (i.e., the
division of vessels by transluminal invagination and pillar
formation) of parent blood vessels [33]. Many steps are
required to convert endothelial sprouts into functional,
blood-carrying vessels. The term ‘‘maturation” describes
the stepwise transition from an actively growing vascular
bed to a quiescent, fully formed and functional network: the
recruitment of pericytes, the deposition of ECM proteins into
the subendothelial basement membrane and the reduced
endothelial cell proliferation promote vessel maturation
[10,34]. The literature documented that blood vascular
maturation is frequently compromised in many tumors, the
vasculature of which are leaky and inefficient at oxygen
delivery [35—37]. Of most interest, recent work [38,39]
emerged a new theory that “normalizing” blood vessels to
better perfuse the tumor tissue may actually down-regulate
the signaling pathways that contribute to tumor growth and
that a change in endothelial shape, even without alterations
in vessel numbers, suffices to induce a shift to reduced
malignancy and metastasis. According to this theory, it is
becoming critical to elucidate phenotypic heterogeneity of
endothelial cells within blood vessels indicative of their
proper development and function [40]. Our seminal work
using virtual microscopy proved the feasibility of employing
simultaneously multiple antibodies against blood vessel

endothelial and mural cells, such as CD31, CD34, CD105
and «-SMA, for 3D visualization of vessel wall components
expressing different markers. From a patho-diagnostic point
of view, it has long been recognized that intra- and peritumor
microvessel densities are valuable prognostic parameters
[41]. To date, however, microvessel density measurements
in association with SCC and other oral tumors yet remain to
be accomplished. Collectively, the loco-regional 3D analysis
of a network of tumor-blood vessels with characterization of
their vessel walls is an urgent task to validate the hypothesis
that the endothelial normalization indeed blocks tumor inva-
sion and metastasis in oral cancers.

4.2. Lymphangiogenesis and lymphnode
metastasis

Recently, lymphangiogenesis is becoming a hot topic of
embryonic development and carcinogenesis in accordance
with the discovery of specific molecular markers of lymphatic
endothelium, such as LYVE-1, podoplanin or D2-40 [42—44].
For many types of carcinoma including oral SCC, lymph node
involvement is associated with poor survival and the pre-
sence of lymph node metastasis often represents an early
prognostic indicator of cancer invasiveness and metastatic
dissemination [45—49]. Taking into account the potential
prognostic value of lymphangiogenesis in patients with can-
cer, systematic efforts have been initiated to organize dis-
cussion on the standardization of the immunohistochemical
method for lymphangiogenesis assessment and to establish a
quantification method that is characterized by a low intra-
and inter-observer variability [50]. We also have preliminary
evidence that a combination of antibodies CD31 and D2-40 is
appropriate for discrimination of blood and lymphatic
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endothelial cells in the microenvironment surrounding SCC at
the invasion front. Several studies have shown that the
density of lymphatic vessels located immediately adjacent
to the tumor is associated with the presence of lymph node
metastases [48,49], but there is still a debate about the role
of intratumorous versus peritumorous lymphatic vessels in
the pathology of primary human tumors [51]. In relation to
the mechanism of how to establish intratumorous lympha-
tics, it is not known whether this is achieved through the
formation and invasion of new lymphatics within the tumor,
i.e., tumor lymphangiogenesis, or by expansion and invasion
of preexisting lymphatics at the tumor periphery [52]. An
intriguing hypothesis is that the infiltration of lymphatic
vessels into the tumor parenchyma might establish a para-
crine signalling pathway for tumor cell growth and invasion
through the release of specific growth factors or chemokines,
rather than having a passive role in cancer metastasis by
creating an increased opportunity for metastatic tumor cells
to leave the primary tumor site. In the same vein as men-
tioned about tumor angiogenesis, it is becoming a realistic
task to gain quantitative information about the architecture
of blood and lymphatic vessels, e.g., vessel volume and
surface area, vessel diameter, and node and terminal branch
counts within region of interest.

4.3. Routine use of 3D reconstruction in
research and surgical pathology laboratories

The phenotypic features and structures of certain tumor
classification vary between patients and even from region
to region within a tumor case. By recognizing diverse histo-
logical features of pathologic human tissues, pathologists
wait a long while to have at hand a computer-assisted
histomorphometric system that much help to minimize the
subjective nature of assessment of various histological and
cytological features. Recent innovation of an automated
sectioning apparatus (AS-200/AS-2005, Kurabo, Japan) can
save substantially a time consuming and laborious effort
needed for the physical preparation of a large number of
consecutive histological sections. Immunolabeling of the
resulting sections also can be conducted efficiently with
the aid of an automated immunostaining apparatus that is
widely used in surgical pathology laboratories. As mentioned
above, the utilization of virtual microscopy makes it possible
to conduct efficiently the image acquisition and registration
procedure. At present, various types of image processing
software are available from multiple sources; some of the
operator-driven computation steps including color segmen-
tation of targets of interest and noise deletion may not be
familiar enough for many potent users to execute the com-
putation procedure by themselves, but it is not a huge
obstacle for software providers to develop a menu-driven
and user-oriented formulation on users’ demand. Taken
together, it is feasible to note that the potential of introdu-
cing histology-based 3D reconstruction in both research pur-
poses and surgical pathology application is growing
considerably. In biological and clinical oncology, measure-
ments of tumor properties, such as location, infiltration
pattern, metastasis, and angiogenesis-related vascular pat-
terns obtained from diagnostic images are a standard method
of monitoring patient response to anticancer therapies
[15,36,37,39,44]. Most likely, the histology-based 3D recon-

struction will become a future in vivo analysis of invasion and
metastasis of cancer cells and of new therapy and treatment
regimen targeting cancer cells.

5. Conclusive remarks

Our recent experience supports the feasibility and potential of
histology-based 3D reconstruction of oral cancers in order to
unveil a complexity of tumor architecture and associated
interaction of multiple tissue and cell constituents in tissue
volume. In studies of 3D reconstruction, segmentation of
targeted constituents in the tissue space is a key advantage.
Our current experimental protocol using dual immmunostain-
ing with cytokeratin and Ki-67 antibodies is convenient to
segregate tumor parenchyma from the surrounding stroma
and to assess quantitatively the proliferation activity of tumor
cells in a computation-dependent manner without any opera-
tor-biased manipulation. To date, we have focused attention
on tumor invasion front by collecting a 3D spectrum of invasion
patterns of SCC arising at tongue. The histological features of
SCC may differ widely from area to area within the same tumor,
so that 3D analysis of tumor structures in a wider region and at
higher spatial resolution is required. Along this line of con-
sideration, we now continue collection of 3D data by utilizing
virtual microscopy as mentioned above. This stage of our
project is still in its infancy but we feel confident that histo-
logical 3D data of oral cancers will lead to establishment of
prognostic criteria for cancer malignancy based on the cancer
cells—microenvironment interaction.
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