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Abstract A major focus in cancer research is the identifica-
tion of biomarkers for early diagnosis, therapy prediction and
prognosis. Hereby, validation of target proteins on clinical
samples is of high importance. Tissue microarrays (TMAs)
represent an essential advancement for high-throughput anal-
ysis by assembling large numbers of tissue cores with high
efficacy and comparability. However, limitations along TMA
construction and processing exist. In our presented study, we
had to overcome several obstacles in the construction and
processing of high-density breast cancer TMAs to ensure
good quality sections for further research. Exemplarily, 406
breast tissue cores from formalin-fixed and paraffin embedded
samples of 245 patients were placed onto three recipient
paraffin blocks. Sectioning was performed using a rotary
microtome with a “waterfall” automated transfer system. Sec-
tions were stained by immunohistochemistry and immunoflu-
orescence for nine proteins. The number and quality of cores

after sectioning and staining was counted manually for each
marker. In total, 97.1 % of all cores were available after
sectioning, while further 96 % of the remaining cores were
evaluable after staining. Thereby, normal tissue cores were
more often lost compared to tumor tissue cores. Our workflow
provides a robust method for manufacturing high-density
breast cancer TMAs for subsequent IHC or IF staining with-
out significant sample loss.
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Introduction

In cancer research, the identification of targetable proteins is
essential for the development of new diagnostic and prognos-
tic approaches as well as personalized therapies for higher
therapy efficiency [1]. This creates an urgent need for protein-
based high-throughput validation methods on clinical materi-
al. In general, most archived patient material is collected as
formalin-fixed, paraffin-embedded (FFPE) tissue blocks,
which preserve protein characteristics to high extend for anti-
body based staining methods [2, 3]. However, studies on
whole sections of tissue samples are time consuming, expen-
sive and are limited for intersection comparability. Therefore,
the first steps towards a more economical approach were taken
by Battifora and Wan et al. [4, 5] and Kononen et al., who
published the first protocol for the construction of a FFPE-
based tissue microarray (TMA) [6]. TMAs represent an es-
sential advancement towards a high-throughput technique for
in situ analysis of potential biomarker targets by assembling
up to thousand human tissue cores in one array being available
for several sections. Every single section of the TMA
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represents all tissue samples and can be stained with the same
amount of reagents and time as needed for one conventional
single tissue section. Besides higher efficiency, TMAs yield a
much higher comparability between the different samples than
whole section staining in separate experiments [7]. The high
number of patient samples on each TMA section makes
TMAs highly valuable for translational research studies. Thus,
much effort is put into optimizing TMA construction and
processing [8–13]. However, a common technical limitation
is the loss of tissue cores during sectioning and staining
procedures. In particular, sectioning strongly depends on the
technicians dexterity [14]. The loss of samples during TMA
sectioning is more challenging based on mechanical feasibil-
ities. Tempering and leveling of protruding cores in the TMA
block may prevent tissue cores from being damaged to a
certain extent, and loss of cores could be avoided by using
optimized microtome and transfer systems [8]. Therefore,
several methods are available to transfer sections from the
blade of the microtome to a water bath. On the other hand,
cores can be lost during staining for immunohistochemistry
(IHC) or—fluorescence (IF) [8]. We here present a workflow
using a rotary microtome with a “waterfall” transfer system in
combination with specific protocol adaptions providing a
robust method for manufacturing high density TMAs for
subsequent IHC or IF staining without significant sample loss
being expeditious, cost effective and easy to handle.

Material and Methods

Study Cohort and Planning of the TMA

The study cohort consisted of 406 breast tissue cores from
formalin-fixed, paraffin-embedded (FFPE) tissue samples of
245 patients. FFPE samples were collected between 1989 and
1992 and archived in the Institute of Pathology at the Univer-
sity of Lübeck, Germany. The study was performed in accor-
dance to the approval of the local Ethical Committee (#08-
012). Samples were distributed onto three TMA blocks con-
taining 129, 137 and 140 tissue cores with a diameter of
1.5 mm respectively. The cores represented breast cancer
tissue, ductal carcinoma in situ (DCIS), benign lesions and
normal breast tissue. By choosing 1.5 mm punches, represen-
tative cores of ductal hyperplasia (DH) as well as DCIS could
be obtained since these small lesions are typically assorted
with normal tissue and therefore difficult to obtain with small-
er punches [15]. The layout of the TMAs was planned on

for orientation in case that tissue cores get lost during section-
ing or staining processes.

TMA Construction and Sectioning

To determine an area of interest on the donor tissue samples,
4μm sectionswere cut from the FFPE samples in advance and
stained with Mayer’s Haematoxylin and Eosin (H&E). H&E
slides were then evaluated by a senior pathologist (C.T.)
marking relevant areas of normal, benign and malignant tis-
sue, respectively. An empty paraffin recipient block was
freshly casted 24 h before TMA construction. Therefore,
heated paraffin (Merck KGaA, Darmstadt, Germany, melting
point: 56–58 °C, #1.07337) was casted into a stainless steel
mold (Tissue-Tek, Sakura, Netherlands, #4164). In contrary to
our former protocols and as previously describes by others, we
did not cool down the block on a cooling plate or ice, but
rather let it harden over night at room temperature to avoid the
formation of cracks or the trapping of air bubbles under the
cassette that might lead to fractions during TMA construction
or sectioning [16, 17]. For construction of the TMAs the
Tissue Arrayer from Pathology Devices Inc. (Westminster,
Maryland, USA) was used. Punches were taken from the
FFPE donor samples and transferred to an empty paraffin
recipient block (Fig. 1). The FFPE recipient block was
5 mm high, 24mmwide and 29mm deep. The lateral distance
from the cores (each 1.5 mm diameter) to the edge of the block
measured 2 mm (Fig. 2). In-between single tissue cores,
0.25 mm were kept as interspaces resulting in a high density
TMA-outline (Fig. 2). From each cancer patient, one core of
cancerous and normal tissue was punched from each FFPE
block and included next to each other on the recipient block. If
further available, one core of ductal carcinoma in situ lesions
and/or metastatic tissue was included. From patients with
benign lesions just one tissue core was included. In total,
406 tissue cores were distributed onto three TMA blocks. To
achieve good adherence of the tissue cores to the paraffin after
TMA construction, the recipient block was incubated at 37˚C
for 12 h and, subsequently, overhanging cores were adapted
by gently pressing using a glass slide. Hereafter, the TMA
block was warmed again at 37 °C for 30min and finally stored
at 4 °C, as described by Hewitt et al. [10]. Cutting 4 μm
sections of the TMA blocks was performed with a rotary
microtome (Hyrax M 55, Carl Zeiss, Jena, Germany) in
combination with a cooling clamp (Cool Cut UKK, Carl
Zeiss, Jena, Germany) and a waterfall section transfer system
(Hyrax STS Section-Transfer-System, Carl Zeiss, Goettingen,
Germany, Fig. 1). Before sectioning, the block was cooled on
ice for 30 min. The blocks were faced by cutting 10 μm
sections from the TMAs until even sections were obtained.
To minimize tissue loss 40 to 46 consecutive sections were cut
per TMA block. The blade of the microtome was changed
every 20 to 30 sections, meanwhile the TMAs were cooled
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templates using an Excel® spreadsheet (Microsoft ® Corpo-
ration, Redmond, USA). Thereby, care has been taken to
arrange the tissue cores in a non-symmetrical orientation to
distinguish between the different TMA blocks. Furthermore,
two to three liver cores per recipient block have been included



with ice without removing the TMAs from the cooling clamp.
In order to recover intact sections, the waterfall transfer system
was used to convey sections without manual interference from
the blade directly into a water bath preheated to 42 °C. Briefly,
the water-driven transfer system is comprised of a rail com-
mencing directly beneath the blade of the microtome and
leading to the water bath. On this rail a continuous water flow
transports the sections directly from the microtome blade to
the water bath, where sections stretch out in warm water. The
sections do not have to be manipulated manually and the
whole process is fully automated. After the sections have
strechted out they were immediately mounted centrally on

glass slides (Superfrost Plus, Menzel GmbH, Braunschweig,
Germany) to prevent melting of the lipid rich breast tissue
cores. Central positioning of the sections with up to 2 mm
distance to the edge of the glass slide is particularly important
for subsequent scanning of stained sections e.g. by the
Pannoramic Desk Scanner (3D Histech, Budapest, Hungary)
for digital microscopy evaluation. Thereby, the inclusion of
liver tissue cores at well-defined positions helps to orientate
the slide image in the right direction for subsequent scoring
analysis. To avoid tissue loss during staining procedures,
slides were baked at 60˚C over night and dried at room
temperature for 2 days. If not processed immediately after

Fig. 1 Workflow and protocol for improved tissue microarray construction and processing for breast cancer research

Fig. 2 Outline and exemplarily
image of a high density TMAwith
140 cores of breast tissue and two
liver reference-cores stained with
H&E. The TMA block was 5 mm
high, 24 mm wide and 29 mm
deep. The distance from the cores
(each 1.5 mm diameter) to each
border of the block measured
2 mm. In-between single tissue
cores 0.25 mm were kept as
interspaces resulting in a high
density TMA-outline
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drying, the slides were stored at 4˚C according to Rimm et al.
[7].

Staining Procedures of TMA Sections

To examine the TMA integrity and the tissue representative-
ness of each core on the different sections, H&E staining was
performed on every 7th section. Additionally, sections were
stained with different marker proteins for immunohistochem-
istry and immunofluorescence. Deparaffination was achieved
by incubating slides in Xylene three times for 10 min each
followed by rehydration in a graded series of ethanol. For
antigen retrieval, sections were cooked in retrieval buffer
using a microwave oven according to Shi et al. [18]. Retrieval
buffer and other parameters of the protocol were adjusted for
the different primary antibodies (Table S1). Antigen retrieval
was followed by endogenous peroxidase-blocking with 3 %
hydrogen peroxide in methanol (Merck KGaA, Darmstadt,
Germany). Unspecific background staining was blocked with
horse (Vectastain® Elite ABC Universal Kit, Biologo,
Kronshagen, Germany) or goat serum (Dako Cytomation
A/S, Glostrup, Denmark) diluted in PBS (PAA Laboratories
GmbH, Pasching, Austria) (Table S1). The TMA slides were
stained immunohistochemically (IHC) for cancer stem cell
markers CD326 (EpCAM, Dako Cytomation A/S, Glostrup,
Denmark, M0804), CD44 (BD Pharmigen, Erembodegem,
Belgium, #550392), CD166 (ALCAM, abcam, Cambridge,
UK #ab49496), CD133 (Prominin1, Miltenyi, Bergisch
Gladbach, Germany, #130-090-422) mesenchymal markers
vimentin (Sigma-Aldrich, St. Louis, USA, #V6389), β-
tubulin (Sigma-Aldrich, St. Louis, USA, #T4026) and the
nuclear marker SATB1 (affibody, kindly provided by R.
Kloosters, University of Leiden, Netherlands). For immuno-
fluorescence (IF), vimentin, ß-tubulin and SATB1 as well as
cyclin A2 (abcam, Cambridge, UK, #ab39) and cyclin E1
(Bethyl Laboratories, Montgomery, USA, #IHC-00341) were
stained. For IHC and IF staining of these five markers, 0.1 %
Triton X-100 (Sigma-Aldrich, St. Loius, USA) in PBS was
used as a detergent to improve the intensity of the staining.
TMAs were incubated over night at 4˚C with primary anti-
bodies, distinctively diluted in antibody diluent (Antibody
Diluent with Background Reducing Components, Dako
Cytomation A/S, Glostrup, Denmark) (Table S1). Subsequent-
ly, slides were incubated with secondary antibodies labeled
with biotin (Vectastain® Elite ABC Universal Kit, Biologo,
Kronshagen, Germany) for IHC and with the fluorescent dyes
Atto590 or Atto488 (Atto-Tec GmbH, Siegen, Germany,
#AD590-61, #AD488-61) for IF. As substrate for IHC,
aminoethylcarbazole (AEC) (Universal staining kit AEC,
Biologo, Kronshagen, Germany) or diaminobenzidine
(DAB) (Liquid DAB+ Substrate Chromogen System, Dako
Cytomation A/S, Glostrup, Denmark) was used in combina-
tion with avidin-peroxidase-complex-solution. For IHC, after

counterstain with hematoxylin, slides were coverslipped in
Aquatex (Merck KGaA, Darmstadt, Germany) and analyzed.
For IF, slides were counterstained and coverslipped using a
DAPI-Mowiol mounting medium (Sigma-Aldrich, St. Loius,
USA).

Analysis of IHC and IF Staining

Images of HE and IHC stained TMA slides were archived and
documented with the 3D Pannoramic Desk Scanner (3D
Histech, Budapest, Hungary). Analysis of the IF staining
was performed with the fluorescence microscope BZ 9000
(Keyence, Neu-Isenburg, Germany).

The number and quality of cores after sectioning and after
staining was counted manually for each marker (Fig. 1,
Table 1).

Statistics

Using SPSS Statistics version 19 (IBM Corporation, Somer,
NY), the loss/damage of cores was evaluated with respect to
the type of tissue being affected. Therefore, univariate tests
(oneway anova) were applied to compare mean percentages of
loss/damaged cores between control, hyperplastic and cancer
tissue. P values of≤0.05 were regarded as statistically
significant.

Results and Discussion

Evaluation of a Water-Driven Transfer System for Sectioning
of a TMA

The outline of our TMA allowed a high density design with up
to 140 tissue cores of 1.5 mm diameter on one block (Fig. 2).
Sections were cut from the block using a rotary microtome
with a cooling clamp combined with a waterfall transfer
system. After sectioning, the number and quality of tissue
was evaluated.

To minimize tissue loss 44, 46 and 40 sections were cut
from the three TMA blocks in one session, respectively.
Altogether 130 sections were cut from the three TMAs, yield-
ing a total of 17,578 tissue cores for staining and analysis.
During sectioning, 7 % (1,233 cores) were lost from all three
TMAs (130 sections) due to misalignment of the sections or
deformation of the cores. Thus, 16,345 tissue cores (93 % of
all tissue cores) of the three TMAs were available for IHC and
IF staining. In more detail, on the sections of the first TMA,
96.1 % (5,456 cores) were intact, on the second TMA 90.3 %
(5,690 cores) and 92.8 % (5,199 cores) of the third TMA
(Table 1(a)). When compared to sectioning with a sliding
microtome, where every third to fourth section of a trial
TMA was lost or damaged, sectioning with a rotary
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microtome in combination with the waterfall system contrib-
uted to an enhanced quality of the TMA sections. Herby, no
manual transfer of sections from the microtome blade to the
water bath by brush is needed, which could have led to
disruption of the sections.

Since the introduction of the TMA technique by Kononen
et al., the loss of valuable tissue cores has been one of the main
problems of the technique [7, 19–21]. The sectioning of a
TMA remains the main bottleneck in the preparation of slides
containing all or at least most of the tissue cores, especially of
a high density TMA [22]. Instead of manual sectioning, tape-
transfer systems try to overcome this problem [23, 10]. One
approach introduced by Catchpoole et al. consisted of adhe-
sive tapes which were placed on the block before sectioning;
after cutting, the sections stuck to the tape, which was trans-
ferred to an adhesive slide, covered with resin and after
transfer hardened by UV light [24]. However, the tape-
transfer system was found to produce thicker sections which
were darker and more densely packed with loss of tissue
definition [24, 8, 20]. Furthermore, by producing sticky glued
slides, the tape-transfer method shows the disadvantage dur-
ing IHC of increased background staining and a higher inci-
dence of nonspecific staining, which raised the potential for
false positive staining [24, 16]. In our study, tempering of the
recipient blocks after embedding the punches and cooling
during sectioning already improved the number of tissue cores
available on the slides. Furthermore, a substantial improve-
ment to our previous observations using a sliding microtome
for TMA sectioning could be obtained by introducing the
water-driven transfer system to recover consecutive, high-
quality TMA sections from the blade of the microtome. The
use of such kind of waterfall system for TMA sectioning is
also in use by the Human Protein Atlas Project which deals
with global analysis of protein expression patterns of various
tissues and therefore strongly relies on high throughput and
effective TMA production and sectioning [25]. To our knowl-
edge, up to now there are no data available comparing the
recovery of sections with a waterfall section transfer systems
to tape-transfer systems or manual microtomy. With the wa-
terfall system described above, 93 % of the tissue cores from
all sections were available for further processing, comparable
to the amount of cores available using a tape-transfer system
[10]. Without specifying a method used for recovery of the
sections, Rimm et al. report that 95 % intact cores on a TMA
section is difficult to exceed [7]. Furthermore, various groups
report tissue losses ranging from 3 % to more than 30 %[26,
20, 27, 28]. In contrast to the here used waterfall system, the
tape-transfer system shows the problem that thin sections are
frequently uneven in thickness [10] and may present back-
ground staining on the slides, especially hindering more del-
icate analysis such as In situ hybridization (ISH) or
Fluorescence in situ hybridization (FISH) [22, 29, 30]. Since
our approach does not need any additional solutions or

chemicals to be applied on the slides during sectioning, the
procedure does not interfere with subsequent staining
methods. Moreover, using the rotary microtome in combina-
tion with a cooling-clamp and a water-driven transfer system,
consecutive and even sections can be cut from the block
without the need of removing the TMA block from the mi-
crotome and re-cooling it on ice. The sectioning itself and the
subsequent retrieval of the sections from the blade are fully
automated, fairly easy to operate and expeditious.

Adjustments of the Pretreatment of TMAs to Improve
Stability of Tissue Cores During Staining Procedures

Eleven representative sections of each TMA were used for
IHC staining of the cancer stem cell markers CD44, CD166,
CD133 and CD326 as well as the mesenchymal markers
vimentin and ß-tubulin and the nuclear marker SATB1. For
IF staining we chose vimentin, ß-tubulin, SATB1 and the
cyclins A2 and E1. Altogether, the 33 sections contained
4.335 cores. Due to the harsh pretreatment using a microwave
oven for IHC and to a lesser extend for IF, 5.4 % (149 cores)

Fig. 3 Comparison of mean percentages of a) lost cores or b) damaged
cores with respect to type of tissue (control, hyperplastic and cancer
tissue) being affected after IHC and IF
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for IHC and 1.6 % (25 cores) for IF were lost during the
staining of the sections (Table 1(a)). Breast tissue is
intermingled with a lot of adipose tissue and therefore does
not adhere well to glass slides. Cooking of the slides with high
energy over a long time, as described above, leads to the
detachment of the tissue from the slide and tissue cores are
washed away. On the other hand this treatment is necessary due
to formalin fixation in clinical material during routine
workflow. During the establishment of the staining protocol
for the breast cancer tissue we experienced extensive tissue loss
during antigen retrieval. To prevent this sample loss, we baked
the TMA slides at 60˚C for 12 h after sectioning and subse-
quently dried them at RT for 2 days. This procedure improved
adherence of the tissue to the slides. When we finally used the
TMA slides for staining, 96 % of all cores on the 33 sections
(4,161 cores) were available for analysis on the slides after the
staining of all three TMAs (Table 1(a)). The range of cores
suitable for further analysis of the three different TMA slides
stained with one antibody reached from 92.4 % for IHC of
CD133 to 99.2 % for IF of vimentin (Table 1(b) and (c)).

Thereby, we detected differences of core loss and core
damage with respect to the tissue type being affected: After
IHC, significantly more normal tissue cores (9.3 %) were lost
compared to hyperplastic (7.6 %) and cancer tissue cores
(3.1 %, P=0.011, Fig. 3a) in relation to the total number of
tissue cores of the corresponding tissue type. A similar obser-
vation could be made for fractions of damaged cores after IHC,
with 20.2 % for normal tissue, 7 % for hyperplastic and 7.7 %
for cancer tissue cores (P=0.001, Fig. 3b). This trend could also
be observed for damaged cores with 23.1 % of normal tissue,
11.2 % for hyperplastic and 8.6 % for cancer tissue cores (P=
0.005, Fig. 3b) after IF. Interestingly, more tissue cores got lost
during IHC than IF staining possibly caused by antigen retriev-
al and counterstaining processes. Therefore, the use of more
normal tissue cores should be taken into account for TMA
setups for breast cancer research. Thus, while planning TMA
setups, one should account for tissue loss of individual sample
groups of up to 25 % which could be substantial especially for
smaller cohorts of distinct tissue types.

Baking the slides at 60˚C for 12 h with subsequent drying
for 2 days allowed to maintain almost 99 % of the stained
cores for evaluation. Without this preparation IHC staining
may be accompanied by higher loss of tissue cores [31, 13].
To our knowledge there is no detailed description available in
the literature that evaluates the outcome of TMA sections after
staining with IHC or IF using a tape-transfer system. Some
publications describe only qualitatively better adhesion of
tissue cores or the overall percentage of interpretable cores
after immunohistochemistry by using a tape-transfer system
[23, 32]. Regarding the minimal tissue loss observed with our
pretreatment and the problems that may evolve by using a
tape-transfer system as described above, we refrained from
using such a system.

Conclusion

In this report we describe the use of a waterfall section transfer
system and a protocol for the sectioning and staining of high
density TMAs. The aim of this study was to improve the yield
of tissue cores on TMA sections and their adhesion to glass
slides during IHC and IF staining. For this purpose we used
three high density TMAs with up to 140 human breast tissue
cores and stained them after sectioning with antibodies against
cancer stem cell markers, mesenchymal and nuclear markers.

For TMA sectioning we used a rotary microtome together
with a cooling clamp and a waterfall section transfer system,
for optimal, fast and consecutive cutting. A protocol routinely
used in our research lab for sectioning following
deparaffination and antigen retrieval of whole sections was
adjusted for this purpose. A major drawback in the sectioning
of TMAs is the loss of tissue cores due to misalignment,
tearing of the cores or disengaging of complete cores. More-
over, tissue cores are lost during harsh pretreatment proce-
dures e.g. heat-induced antigen retrieval for IHC and IF.

The water-driven transfer system seems to be as protective
for the TMA sections during cutting as the tape-transfer sys-
tem while bearing fewer obstacles for further handling and
staining of the sections. The waterfall section transfer system
is effective, automated, easy to operate and minimizes the risk
of uneven tissue sections which might vary in thickness.
Baking and drying of the sections before staining preserves
the tissue cores during antigen retrieval for different staining
methods. Furthermore, more normal breast tissue—at least
two tissue cores per case—should be included in the TMA
setup to account for the more frequent loss of this more fragile
tissue. In conclusion our protocol and the use of a rotary
microtome with a waterfall section transfer system provide a
robust method to manufacture outright sections of high-
density TMAs and to stain them subsequently with IHC or
IF protocols without significant sample loss.
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