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Three dimensional reconstruction of a human breast
carcinoma using routine laboratory equipment and
immunohistochemistry
T Kurien, R W G Boyce, E C Paish, J Ronan, J Maddison, E A Rakha, A R Green, I O Ellis
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

See end of article for
authors’ affiliations
. . . . . . . . . . . . . . . . . . . . . . .

Correspondence to:
Dr A R Green, Department
of Histopathology,
Queen’s Medical Centre,
Nottingham NG7 2UH,
UK; andrew.green@
nottingham.ac.uk

Accepted for publication
4 February 2005
. . . . . . . . . . . . . . . . . . . . . . .

J Clin Pathol 2005;58:968–972. doi: 10.1136/jcp.2004.024794

Aims: To establish a three dimensional reconstruction of an invasive breast carcinoma using basic
laboratory equipment to evaluate and characterise the spatial arrangement of the parenchymal cells of the
breast.
Methods: One hundred and twenty eight sequential 4 mm sections (20 mm apart) of the tumour were
stained immunohistochemically with an epithelial specific marker (AE1/AE3) or tumour specific marker (c-
erbB-2) to reconstruct two different three dimensional images of the normal and malignant parenchymal
cells. Sections were digitally imaged using a microscope, scanner, and digital camera linked to a
conventional personal computer. Accurate alignment of the digitalised images was carried out using a
semiautomatic graphical method of manual interaction, using the cross correlation coefficient as a
goodness of fit measure, and an automatic search algorithm using the Fibonacci search algorithm for
automatic alignment. The volume was reconstructed using maximum, minimum point projection and ‘‘back
to front’’ opacity blending.
Results: The quality of the reconstructed images was distinct and perfect, providing a comprehensive and
explicit view of the normal and malignant parenchymal tissues of the breast that is not possible by viewing
two dimensional histological sections. Specifically, this approach showed the spatial arrangement of the
tumour cells and their relation to the surrounding tissues at a high resolution.
Conclusion: This simple and reproducible approach enables the spread and infiltration of invasive
carcinoma to be understood and could also be used to analyse the spatial relation between atypical
hyperplastic and malignant in situ lesions of the breast.

B
reast cancer growth and spread is not always uniform
and different growth patterns for invasive and in situ
breast carcinoma (DCIS) have been proposed.1–3 High

grade DCIS grows and spreads continuously throughout the
glandular tree, whereas low grade DCIS grows multifocally
and typically shows a multicentric distribution.1 2 4–6 Possible
ductal anastomoses in the ductal/lobular system that spread
between ducts may be a risk factor for extensive intraductal
spread, and when this exceeds 20% of the total tumour it is a
predictor of local tumour recurrence.6 7 The introduction of
three dimensional reconstruction techniques has greatly
improved the understanding of breast carcinoma growth
patterns and its spatial arrangement.

‘‘There is a need for a technique that produces high quality
imaging, comparable to confocal laser scanning micro-
scopy, which is readily available and cost effective’’

Several methods of three dimensional reconstruction of
tissue from continuous two dimensional images have been
developed. Graphic methods using slides that are magnified
and projected on tracing paper have been used in studies of
intraductal papilloma of the breast.2 8 Confocal laser scanning
microscopy (CLSM) is becoming more widely used to produce
three dimensional tissue reconstructions, although the
processing and storage of image data is expensive and the
equipment is not routinely available.9 10 Therefore, there is a
need for a technique that produces high quality imaging,
comparable to CLSM, which is readily available and cost
effective. Although previous three dimensional reconstruc-
tion studies, using serial section microscopy, usually

experienced difficulties with alignment, the recent advances
in computer technology now allow visualisation of stacked
sectional images on screen and precise three dimensional
reconstruction of these images.
This technology can provide detailed three dimensional

reconstructions, similar to CLSM, which do not require
expensive equipment. As with confocal microscopy, the
complete image assembly, or subsets of it, can be viewed
from any angle and rotated in real time, enabling exploration
of the three dimensional structure. Computer assisted three
dimensional reconstruction of histological sections has
successfully been used before to study neural ganglia in
drosophila using basic laboratory equipment.9 11 In addition,
reconstruction of the three dimensional image of sections
stained with normal and tumour specific markers may have
great impact on understanding the spatial arrangement of
the malignant cells and their relation with the surrounding
tissue.
In our study, we have adapted this technique to reconstruct

a three dimensional image of an invasive breast cancer using
sequential immunohistochemically stained sections in an
attempt to validate this technique for the evaluation of the
pattern of spread of malignant breast tissues.

MATERIAL AND METHODS
Immunohistochemical analysis
A 1 6 1 6 1 cm sample of invasive ductal breast carcinoma
of no special type was fixed in Baker’s formal calcium for 24

Abbreviations: CLSM, confocal laser scanning microscopy; DCIS,
ductal carcinoma in situ; NSS, normal swine serum; TBS, Tris buffered
saline
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hours. Sequential sections (20 mm apart and 4 mm in
thickness) were stained immunohistochemically using the
standard streptavidin–biotin complex method, as described
previously.12 Briefly, endogenous peroxidase activity was
blocked by incubation in a 0.3% hydrogen peroxide/methanol
buffer. Antigen retrieval was carried out by microwave
treatment in sodium citrate buffer (pH 6.0) for 20 minutes.
The slides were incubated with normal swine serum (NSS) in
Tris buffered saline (TBS) (1/5 vol/vol), followed by primary
antibody for 45 minutes: mouse monoclonal antihuman
cytokeratin (clone AE1/AE3) used in at an optimal dilution of
1/100 in NSS/TBS or anti-c-erbB-2 antibody, diluted 1/250 in
NSS/TBS (both antibodies, DakoCytomation, Ely, UK).
Sections were incubated with a secondary antibody (bio-
tinylated goat antimouse/rabbit immunoglobulin; Duet
K0492; 1/100 dilution; DakoCytomation) for 30 minutes.
3-39Diaminobenzidine tetrahydrochloride (liquid DAB plus;
K3468; DakoCytomation) was used as chromogen. Counter-
staining with haematoxylin was omitted because it masked
the immunostaining so that tumour cells could not be
distinguished from normal tissue.

Digital photomicrograph capture
JPEG colour digital photomicrographs of each immuno-
stained section were produced with a Sony DFW-X 700
digital camera (Sony Electronics, UK) connected to a Leica
DMRX microscope using a 65 objective lens and PathSight
software (Fairfield Imaging, Medical Solutions PLC,
Nottingham, UK) and a computer with an Intel Pentium 4

Processor and 3 GHz clock speed. A shade correction tool was
used when scanning each slide to ensure uniform back-
ground colour. All slides were scanned in the same manner,
using a standard large sized rectangular scanning area
(6.1 6 4.0 cm) to overcome the different location of tissue
sections on the slides.

Conversion into three dimensional images
The JPEG file of each section was converted into a 256
greyscale 8 bit TIFF file using three dimensional FI software
(Fairfield Imaging). Each TIFF image was rotationally and
translationally orientated to the previous sequential image
using FiAlign software (Fairfield Imaging). The aligned three
dimensional images were converted into a three dimensional
image by volumetric rendering using FiRender software
(Fairfield Imaging). Volumetric rendering converts two
dimensional pixels into three dimensional voxels, the
smallest distinguishable box shaped part of a three dimen-
sional space. Back to front opacity rendering was also used to
alter the transparency of individual voxels throughout the
image. This resulted in greater clarity of the three dimen-
sional image and enhanced specific features of the tissue. The
voxel size was 276 276 24 mm. The dataset was approxi-
mately 130 Mb in total. Colours were also assigned to voxel
values or ranges of voxel values to produce coloured images.
For custom angle visualisation, the image was rotated around
the axis at any angle using FiRender. Filters were also applied
to increase contrast between the areas of malignant and
normal tissues in the three dimensional volume rendered
image. To enhance the visualisation of the three dimensional
image, especially with respect to the separation of patholo-
gical features, the rendered dataset images of the two
antibodies used in our study were merged using FiAlign.
Our study was approved by the Nottingham local research

ethics committee.

RESULTS
The breast carcinoma sample used was chosen on the basis of
having invasive carcinoma of no special type associated with
DCIS and showing positive staining for c-erbB-2 antibody.
Sequential sections were stained with the broad spectrum
anticytokeratin antibody (AE1/AE3) to provide an overview
of the normal, benign, and malignant parenchymal cells,
whereas anti-c-erbB-2 antibody stained malignant tumour
cells only (fig 1).
Digital photographs of the immunohistochemically stained

sections were taken. For alignment, a field frame was placed
in all sections and images were aligned by identification and

Figure 1 Non-specific type invasive breast carcinoma immunohisto-
chemically stained for (A) AE1/AE3 (no counterstain) and (B) C-erb-B2.
Original magnification,620.

Figure 2 Volume rendered three dimensional reconstruction of a non-
specific type invasive breast carcinoma stained for AE1/AE3 showing
the spatial arrangement of all parenchymal tissues.
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localisation of existing structures regarding their specific
characteristics—including number, position, morphology,
and spatial distribution—with the aid of the field frame.
Collected volume data were based on observations of aligned
two dimensional sections. FiAlign successfully aligned all
sections with a mean cross correlation coefficient value of
99.5%. Because sections were cut at a 20 mm distance, there
was no need for artificial reconstruction of the missing space
between them. The images were volume rendered to produce
the three dimensional reconstructed image of the specimen.
Several colour blended palette combinations (for example,
blue/green) were applied to the voxel values of the volume
rendered images.

Sections stained with the AE1/AE3 antibody were used to
produce an overview of the spatial arrangement of the whole
parenchymal area and validate the three dimensional
reconstruction (fig 2). FiRender software was used to change
several factors to achieve a clear distinction between the
stained tissues. Unwanted background was removed by
accurately defining the area of interest, and the opacity
curve of the 256 grey scale voxels was varied to enhance the
definition of particular features. However, it was difficult to
differentiate between invasive carcinoma, DCIS, and fibro-
cystic disease using a non-specific epithelial cell marker.
Using the tumour specific marker c-erbB-2, it was possible

to identify and distinguish the areas of malignant tissue and
their spatial arrangement (fig 3). Using the median filter
alterations in brightness and contrast and block filling the
assigned voxel values of the tumour areas, the areas of
malignant tissue were clearly distinct from the surrounding
non-malignant tissue. To consider the area of malignant
cells and its relation with the surrounding non-tumorous
tissues, we combined the three dimensional reconstructions
of both sets of stained sections using FiAlign (fig 4). The red
colour denotes the parenchymal tissue (AE1/AE3 staining)
and the green denotes the malignant tissue (c-erbB-2
staining). High resolution versions of figs 2–4, together with
a three dimensional animated image, can be viewed at
our website (http://www.nottingham.ac.uk/,mrzarg/kurien_
jcp2005.htm).

DISCUSSION
We have successfully reconstructed three dimensional images
of a breast carcinoma by aligning sequential immunohisto-
chemically stained sections with a simple and reproducible
technique using routine laboratory equipment. We tried to
overcome the problems that interfere with the proper
alignment of sections that are usually encountered during
three dimensional reconstruction of serial sections. All
sections were handled simultaneously to minimise the
problem of sample shrinkage during processing and the
variable degree of stretching owing to partial rehydration of
different sections.13 In addition, inaccurate alignment of
serial sections was avoided by using sequential sections
20 mm apart with the identification of tissue structures and
field frame. We also used an identical large scanning area for
all scans—sufficient to cover the whole section on each slide
regardless of position.
The montage technique to acquire low power overview

images has the advantage that resolution and clarity of
images can be increased over that of images captured directly

Figure 3 Volume rendered three dimensional images at different
angles of a non-specific type invasive breast tumour stained for c-erbB2
using a red and black palette to identify and distinguish the areas of
malignant tissues and their spatial arrangement.

Figure 4 Visualisation of invasive carcinoma using volume rendered
three dimensional images of a non-specific type invasive breast tumour
stained for AE1/AE3 and c-erbB-2.
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using a low power objective because of the more ideal pairing
of the CCD used for image capture and the other optical
components of the microscope. The disadvantages of the
montage technique are that it increases the time taken to
acquire the images, and any illumination issues of the
microscope field can present a visualisation problem,
although the system compensated for these by the use of
shade correction. The alignment of the serial sections only
considered the translation and rotational aspects; in practice,
the placing of the cut serial section on the microscope slide
can warp the sections, and this can result in reconstruction
errors.
Voxel rendering allowed the structure within the volume to

be viewed and enabled detailed observations to be made.
Although instant real time rotation was not possible, image
rotation was less than one second for each rotational change.
In addition, the three dimensional image could be zoomed,
but because the reconstruction is voxel based rather than
geometry based, the image became pixelated or blurred even
with a bi-cubic interpolation function. Because images
produced by voxel rendering do not provide the necessary
clarity for the causal observer, knowledge of the specimen
structure under review is required. Surface rendering would
produce a clearer image that enables a more interactive
review. Geometric rendering would require simplification of
the dataset, and the selection of a threshold used for the
generation of the polygon mesh—this would result in loss of
data and the subtleties in this complex dataset to be lost.
The AE1/AE3 antibody enabled the breast parenchymal

tissues to be recreated, whereas the use of anti-c-erbB2
allowed better visualisation of the malignant cells only. We
found that the quality of images produced was improved by
using automated immunohistochemical staining, which
ensured reproducibility of staining and consistency of
staining intensity in the digitalised images of the slides.
Histogram modification techniques might help reduce the
variation in staining intensity between slides. Using three
dimensional reconstruction combined with double label
immunostaining, it was possible to study the spread, growth,
and infiltration of malignant lesions of the breast, allowing
structures to be observed from different angles, and their
spatial position, number, morphology, special characteristics,
and volume to be estimated, in addition to creating a three
dimensional image, thus bring the usability of this technique
in line with CLSM. This technique could also be used on a
network/internet server, although the processing speed
would be lower.
The conversion of JPEG files to an 8 bit greyscale TIFF file

using the three dimensional FI software was not ideal
because the program assigns only one out of a possible 256
intensity values to each voxel. The assignment of intensity
values leads to a loss of colour information in the final image.
This leads to an overlap in voxel values displayed in the three
dimensional images, resulting in specific colours being
designated to both areas of tumour and areas of normal
benign tissue, making important structures difficult to
differentiate when using the AE1/AE3 antibody. In the
JPEG map files there are at least 2 6 1024 different colours
available, but only 256 colours were available to produce the
three dimensional image. With the use of the C-erbB-2
antibody this problem is overcome because of the vast
difference in voxel values given to the tumour and normal
areas. Performing the process in colour instead of reducing
the colours from 2 6 1024 to 256 intensity values may
improve the quality of the images produced. However, this
would require greater computer processing power and
storage capabilities. Using up to 2000 voxel intensity values
would strengthen the three dimensional reconstruction of the
images. The remapping of colour images to grey level

intensity images introduced difficulties in the reconstruction;
however, true colour rendering systems are difficult to
control. A possible compromise would be to convert the
colour image not purely to an intensity image but to an 8 bit
image that maintained colour information.

‘‘The three dimensional reconstruction methods used here
can be completed using images captured from any high
quality microscope imaging station, with the additional
rendering hardware and software costing approximately
£5000’’

Although we used a relatively thin sample, we have no
doubt that the application could handle at least a dataset
double this size with appropriate additional computer
memory. A distance of 20 mm between sections was used to
have reasonable z resolution and not to distort the aspect
ratio point with respect to x y resolution. If the gap between
samples were to be increased, then a reduction in the z
resolution would occur; this would produce a dataset with
poor aspect ratio, which would require resampling.
The recent reconstruction of three dimensional specimens

by Fernandez-Gonzalez et al was completed using surface
rendering techniques in which a threshold was set and a
geometry generation method, such as marching cubes, was
used to generate the surface to be rendered.14 Reducing
the amount of data has an advantage in the display
and visualisation of the simplified dataset. However, it is
not possible to produce a geometric surface that can be
fitted to non-solid objects or areas such as those commonly
seen in histological sections. This is contrast to our study,
where voxel rendering was used to allow the visualisation
of the specimen data in as near to original form as
possible.
Our three dimensional reconstruction of serial sections of a

biological structure using basic laboratory equipment was
extremely successful. The images produced were comparable
to those produced by CLSM and could be manipulated in a
similar manner, and more cost effectively. The three
dimensional reconstruction methods used here can be
completed using images captured from any high quality
microscope imaging station, with the additional rendering
hardware and software costing approximately £5000.
Furthermore, we believe that using this technique combined
with double labelling could provide an enhanced and
more accurate visualisation of the pattern of spread of in
situ lesions of the breast. Using antibodies directed at
alternative targets, such as invasion, could provide a
better understanding of the process of malignant breast
transformation.

Take home messages

N We have devised a simple and reproducible technique
for the three dimensional reconstruction of invasive
breast carcinoma using basic laboratory equipment
and sequential sections of tumour tissue

N Combining this technique with double labelling could
provide an enhanced and more accurate visualisation
of the pattern of spread of in situ lesions of the breast

N Using antibodies directed at alternative targets, such as
invasion, could provide a better understanding of the
process of malignant breast transformation
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