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ABSTRACT

Tissue microarrays (TMAs) are a promising method for high-throughput analysis of archived tissue samples. Laboratories
using conventional manual methods for creating TMAs face the challenge of increasing efficiency and standardization, which
is particularly crucial for oncomorphological research and diagnostics. This can be achieved through the automation of the
process.

This review focuses on the capabilities and advantages of automated systems for TMA creation over manual methods, with an
emphasis on their application in the analysis of Ewing sarcoma and other undifferentiated round cell sarcomas. In the analyzed
works, automated systems were used to extract and position tissue cores into recipient paraffin blocks, followed by histological
and immunohistochemical analyses on the obtained TMA sections. Furthermore, the quality of the tissue microarray sections
was evaluated. In these works, automated systems demonstrated high precision in positioning tissue cores, significantly
accelerating TMA creation and improving the quality of the resulting sections.

Thus, automated systems for TMA creation offer significant advantages over manual methods, ensuring standardization and
increasing the productivity of laboratory research. Automated systems allow for the efficient analysis of large sample sets,
which is especially important for the validation of diagnostic and prognostic biomarkers. The published works highlight the
need for further development and wider implementation of automated systems in oncomorphological research to enhance their
efficiency and reproducibility.
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“pMMEHEHMe dBTOMaTU3UPOBaHHbIX CUCTEM
ANA co3faHuUA TKaHeBbiX MUKpPOMaTpPUL
B OHKOMOPd)OﬂOFW-IECKMX uccnepoBaHuax

N.A. NMapdeHosa, C.A. Epbiluosa

HaumoHanbHbIA MeaMLMHCKMIA NCCNefoBaTeNbCKUI LIeHTp [LETCKOI reMaTonoruu, OHKOIOMUU U1 WUMMYHOJI0MMK UM. [. Porauesa, MockBa, Poccus

AHHOTALMA

TKaHeBble MUKPOMATPULbl — OAMH U3 MEPCMeKTUBHLIX METOAO0B [J1Si BbICOKONPOU3BOAMTENBHOTO aHanM3a apXvBUPOBaH-
HbIX 00pa3LoB TKaHel. JlabopaTopum, ucnonb3yroLme TPAAULIMOHHBIN PYYHON METOZ, U3roTOBMIEHNS TKAHEBbIX MUKPOMATPUL,
(TMA), cTankuBaloTcs ¢ He0bX0AMMOCTbIO NOBbLILIEHUA IDDEKTUBHOCTM U CTaHAAPTM3ALMM, Y4TO 0CODEHHO BAXKHO AJ1S1 OHKO-
MopdONOrMYecKux UCCefoBaHUN U AMArHOCTUKM. [loCTUYb 3TOr0 MOXKHO 3a CYET aBTOMATM3aLmMm npouecca.

HacToswwmii 0630p NOCBALLEH PAacCMOTPEHUIO BO3MOXKHOCTEN W NPEUMYLLLECTB aBTOMATU3MPOBAHHBIX CUCTEM AN CO3AaHMsA
TMA o cpaBHEHMIO C PYYHbIM METOAOM, C aKLIEHTOM Ha UX MPUMeHeHWe B aHanu3e capkoMbl KuHra u apyrux Hegudde-
PEHLMPOBAHHBIX KPYFIIOKIETOUHBIX CapKOM. B npoaHanu3upoBaHHbIX pabotax aBTOMaTU3MpOBaHHbIE CUCTEMbI UCMOSb30BaNM
ANA U3BJIEYEHNS W NO3ULMOHUPOBAHMS TKAHEBbIX LMIMHAPOB B NapaduHOBbIe BNOKM-PeLMNMEHTbI, @ Ha NMONYYEHHbIX Cpe-
3ax TMA npoBOAUNM FUCTONOMMYECKME U UMMYHOMUCTOXUMUYECKME UcCneoBaHus. KpoMe Toro, oLieHMBan KayecTBo Cpe3oB
TKaHeBbIX MMKpoMaTpuL,. B ynoMsHyTbIX paboTax aBTOMaTM3MPOBaHHbIE CUCTEMbI MOKA3a/W BbICOKYH0 TOYHOCTb MO3ULMOHN-
POBaHMs TKaHEBbIX LUIMHAPOB, YTO 3HAUUTESBHO YCKOPUAO npouecc co3aanns TMA 1 ynyyLlwmio KayecTso roToBbIX CPe3oB.
TakuM 06pa3oM, BHEpeHWEe aBTOMATU3MPOBAHHBIX CUCTEM [1Sl KOHCTPYUpoBaHWs TMA UMeeT 3HauuTeNbHbIE MPEMMYLLECTBA
MO CPaBHEHMIO C Py4YHbIM METOAOM, NOCKO/bKY 0becneynBaeT CTaHAAPTU3aLMIO W NOBLILLAET NPOU3BOAMTENBHOCTL Nabopa-
TOPHbIX UCCNEA0BaHNA. ABTOMaTU3WpOBaHHbIE CUCTEMbI NO3BONSAIOT 3IG(EKTUMBHO aHaNM3MpoBaTb bonbluKe cepum 06pasLioB,
YTO 0COOEHHO BaXKHO [N1S1 BAJMAM3ALMN AUArHOCTUHECKUX U MPOrHOCTMYeCKMX BroMapKepoB. Ony6nmKoBaHHble paboTbl NOA-
YEPKUBAKOT HEOOX0AMMOCTb AasbHELLEro pasBuUTUA W bonee LIMPOKOro BHEAPEHUS aBTOMATU3WUPOBAHHbIX CUCTEM B OHKO-
Mopdonoryeckue UcCNefoBaHUs ANA NOBbILIEHUA UX IGHEKTUBHOCTM U BOCMIPOM3BOAUMOCTH.

KnioueBble cnoBa: TKaHeBble MUKPOMATPULbl; aBTOMaTU3aLnA; OHKOMopq)OHOFMﬂ.
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INTRODUCTION

The relevance of implementing automated systems for
constructing tissue microarrays (TMAs) in oncomorphological
research is driven by the need to improve the accuracy and
efficiency of high-volume tissue sample analysis. TMAs
enable simultaneous evaluation of dozens to hundreds of
samples on a single slide, which significantly accelerates
diagnostic and investigative processes in oncology [1]. The
TMA technique proposed by Battifora in 1986 is widely used
for validation of diagnostic and prognostic biomarkers,
quality control in immunohistochemical (IHC) analysis, and
other scientific applications [2, 3].

The challenges of traditional manual TMA construction
are largely related to the labor-intensive nature of the
process, high operator skill requirements, and considerable
time consumption [4]. Automation of TMA construction
overcomes these challenges owing to high precision,
substantial time savings, and reduced risk of cross-
contamination [5, 6]. However, despite the clear advantages
of automated systems, their implementation in clinical
practice in Russia remains limited due to the absence of
regulatory certification [7].

Published studies have confirmed the effectiveness of
automated platforms for TMA construction. For example,
automated systems have been successfully applied for
biomarker evaluation across multiple tumor types [3],
ensuring high accuracy. Documented savings of time
and resources make automated systems attractive for
laboratories with a high sample load and substantial
workload demands [5].

Thus, the introduction of automated systems for TMA
construction is a major step forward in improving efficiency
and standardization within oncomorphological research.
Nevertheless, full integration of these systems into clinical
practice requires resolution of issues related to registration
and standardization of their use in Russia [7].

This review summarizes the capabilities and advantages
of automated systems for TMA construction compared with
manual methods, with emphasis on their application in the
analysis of Ewing sarcoma and other undifferentiated round
cell sarcomas.

EXPERIENCE IN THE APPLICATION
OF AUTOMATED SYSTEMS FOR TISSUE
MICROARRAY CONSTRUCTION

Automated systems for TMA construction are high-
technology devices that enable precise and rapid fabrication
of microarrays from tens to hundreds of tissue samples
[4]. The main modules of such systems include: a unit for
automated extraction of tissue cores from donor paraffin
blocks and their transfer into recipient blocks (see Fig. 1);
a high-precision micromanipulator for positioning of tissue
cores; a tissue core depth-control system (laser sensor
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or mechanical probe); and dedicated software for building
a virtual TMA layout [8].

The automated TMA fabrication process begins with
uploading the virtual layout of core placement into the
recipient block. Modern TMA design software allows
specifying diameter of tissue cores, distance between cores,
their number and arrangement, and assigning individual
annotation to each sample [4]. Based on the virtual layout,
the device automatically forms holes of a predetermined
diameter in the recipient block for placement of each sample
(see Fig. 2).

The operator then sequentially loads donor
paraffin blocks into the instrument and, using the
micromanipulator, positions the punch needle over the
region of interest selected in each sample based on
the corresponding hematoxylin—eosin-stained control
section (see Fig. 2) [9]. The device automatically extracts
a tissue core of the predefined diameter (typically 0.6—
2 mm) from the donor block and transfers it into the
corresponding hole of the recipient block. The depth-
control system ensures precise placement of each tissue
core at a uniform level, which is particularly important
for obtaining high-quality sections [10].

After completion of core collection, the recipient block is
remelted to secure the cores in place and then cooled. The
resulting TMA block is sectioned at 4-5 pm thickness and
can be used for histological and IHC studies, as well as for
fluorescence in situ hybridization (FISH) [11]. Examples of
micropreparations produced using this technology are shown
in Fig. 3.

An important aspect of TMA construction is the height of
tissue cores. To preserve the original diagnostic material,
additional paraffin blocks from the same case are often used
for TMA preparation. This is standard practice that allows
studies to be conducted without compromising primary
diagnostics.

DOl https://doi.org/10.17816/morph 634185

Fig. 1. Device for automatic punch needle positioning: A, punch needle; B,
histological slide with marked area of interest, stained with hematoxylin
and eosin, placed in the center of the rotator for positioning; C, recipient
block; D, donor block 1; E, donor block 2.
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Fig. 2. Software-guided punch needle positioning.

In our laboratory, an automated TMA construction
system is used for both research and clinical-diagnostic
purposes'. In particular, we constructed a TMA from 106
Ewing sarcoma cases [12] and other undifferentiated
round cell sarcomas (BCOR-altered sarcoma and CIC-
rearranged sarcoma). For each case, two representative
tumor tissue cores 1 mm in diameter were selected and
transferred into recipient paraffin blocks. TMA sections
were stained with hematoxylin and eosin to assess
morphological features. For differential diagnostic
algorithm development, IHC studies were performed on
an automated immunostainer Ventana BenchMark ULTRA
(Roche, Switzerland) using antibodies to markers relevant
for phenotypic characterization of Ewing sarcoma and
other undifferentiated round cell sarcomas: CD99 (Cell
Marque, US), NKX2.2 (BioSB, US), BCOR (Cell Marque, US),
SATB2 (Santa Cruz, US), TLE1 (Cell Marque, US), WT1 (Cell
Marque, US), ETV4 (Invitrogen, US), desmin (Cell Marque,
US), myogenin (Cell Marque, US), MyoD1 (Cell Marque, US),
and pancytokeratin (Ventana, US). Since the study was
retrospective, the immunohistochemical antibody panel
was selected considering that the most common variants
of round cell sarcomas were included. The quality of TMA
sections and staining results was independently evaluated
by two pathologists.

The use of an automated TMA construction system
in our study enabled efficient analysis of a large cohort

(106 cases) of Ewing sarcoma and other undifferentiated
round cell sarcomas, and made it possible to identify
novel combinations of diagnostic markers. IHC results
demonstrated differences in marker expression between
Ewing sarcoma, BCOR-altered sarcoma, and CIC-
rearranged sarcoma. Co-expression of CD99 and NKX2.2,
characteristic of Ewing sarcoma, was observed in 94% of
cases, whereas this combination was not detected in other
tumor types. BCOR-altered sarcoma was distinguished
by co-expression of BCOR, TLE1, and SATB2 in 80%
of cases. CIC-rearranged sarcoma was characterized
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Fig. 3. Overview of the microslides: a—c, microslides with marked areas
of interest, stained with hematoxylin and eosin; d, microslide with tissue
microarray, stained with hematoxylin and eosin; e, f, microslides stained
by immunohistochemistry for CD99 and transcription factor NKX2.2,
respectively.

! At the time of preparing this publication, automated tissue microarray construction instruments do not have regulatory registration in Russia.

DOl https://doi.org/1017816/morph 634185
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Fig. 4. Findings in patients with Ewing sarcoma: H&E, slides stained with
hematoxylin and eosin, x40; CD99, slides stained with immunohistochemistry
for CD99, x40; NKX2.2, slides stained with immunchistochemistry for
transcription factor NKX2.2, x40. Only slides positive for antibodies against
CD99 and NKX2.2 markers are presented, x40.

by co-expression of ETV4 and WT1, although this was
identified in only 25% of cases. Based on these results,
a differential diagnostic algorithm was developed for
tumors both within this group and in comparison with
other round cell neoplasms [12].

ADVANTAGES AND DISADVANTAGES
OF AUTOMATED SYSTEMS

The implementation of automated systems for TMA
construction opens new opportunities for standardization and
acceleration of oncomorphological studies. Compared with
manual TMA fabrication, automated production offers several
advantages [6]:

+ Higher accuracy of tissue core sampling due
to high-precision mechanics and depth-control
systems [3];

+ Substantial time savings for highly trained
personnel, especially when processing large
sample volumes [5];

* Reduced risk of cross-contamination between
samples and tissue damage due to minimization of
manual manipulation [7];

« Flexible TMA design with the ability to select various
core parameters and spatial layout using specialized
software [4];

* Individual labeling and annotation of tissue cores
allowing subsequent correlation of morphologic
features, IHC, and FISH results [13].

Notably, TMAs serve as a universal control. Although
not all samples will yield a positive reaction with antibodies
against markers relevant to a specific diagnostic case, the
value of TMA lies in the ability to simultaneously analyze
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numerous specimens, which is particularly important for
large-scale studies.

The use of automated systems requires consideration of
additional time expenditures for programming and instrument
maintenance. Nevertheless, our experience shows that with
appropriate workflow organization and regular utilization,
automated systems allow substantial optimization of
laboratory processes, particularly when handling large
volumes of samples.

Despite the clear advantages of using automated
systems for TMA construction, obtaining valid results
requires adherence to several methodological
considerations: mapping should be performed using
tissues structurally distinct from the target material [3];
tissue cores must be selected with attention to tumor
heterogeneity to ensure representativeness [2]; a sufficient
number of tissue cylinders per case (at least 2-3) should
be included [14]; staining and interpretation protocols must
be standardized [5, 15].

Experience in our laboratory demonstrates that
implementation of automated systems for TMA construction
substantially optimizes the simultaneous production of high-
quality sections from a large number of specimens for all
major types of morphological studies.

CONCLUSION

Tissue microarrays represent a modern oncomorphology
tool that enables efficient assessment of large archival sample
series for validation of diagnostic and prognostic biomarkers,
both in research settings and for immunohistochemistry
quality control.

Automation of TMA construction using dedicated systems
ensures standardization of the pre-analytical phase and
increases laboratory throughput compared with manual
methods.

Further development and wider implementation of
automated systems for TMA construction will enhance the
efficiency of oncomorphological research and accelerate
translation of scientific advances into clinical practice.
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AOMO/IHUTE/IbHAA UHOOPMALIUA

Bknap astopos. .A. [lapbeHoBa — onpefeneqne KOHLENUMK, Hanm-
CaHVie YepHOBWKA PYKOMWCK, NEPECMOTP U PeLaKTUPOBaHUE PYKOMUCH;
C.A. EpblluoBa — onpefeneHne KoHLenuuu, npoBefieHne nccnenosa-
HWS, HanWCaHWe YepHOBMKa pyKonucy. Bece aBTopbl 0406puamn pyKonuch
(Bepcuio ans nybnamKaumm), a TaKKe COrNMacUNCh HECTU OTBETCTBEH-
HOCTb 3a BCE aCMeKThl paboThl, FrapaHTMpys HaANexalllee pacCMOTpeHMe
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1 peLLeHne BOMPOCOB, CBA3aHHbIX C TOYHOCTbIO U [0BPOCOBECTHOCTBIO
niobowt eé yacTu.
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L0V um. Omutpus Porauésa» M3 PO Konosanosy [Amutpuio Mu-
XalnoBu4y 3a NpefocTaBfieHNe KIMHWYECKOr0 MaTeprana 1 LieHHble
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