
Rom J Morphol Embryol 2020, 61(4):1077–1083  ISSN (print) 1220–0522, ISSN (online) 2066–8279  doi: 10.47162/RJME.61.4.10 

This is an open-access article distributed under the terms of a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International Public 
License, which permits unrestricted use, adaptation, distribution and reproduction in any medium, non-commercially, provided the new creations 
are licensed under identical terms as the original work and the original work is properly cited. 

REVIEW 

Tissue microarrays – brief history, techniques and  
clinical future 

ALINA ELENA ŞTEFAN1), DANIELA GOLOGAN2), MATTHEW O. LEAVITT3), SORIN MUŞAT3,4),  
IANCU EMIL PLEŞEA5,6), LIANE GLORIA RALUCA STAN2,7), RĂZVAN MIHAIL PLEŞEA8),  
MANUELLA MILITARU1,9) 

1)Doctoral School, Department of Pathology, Faculty of Veterinary Medicine, University of Agronomical  
Sciences and Veterinary Medicine, Bucharest, Romania 

2)Doctoral School, Department of Organic Chemistry, Faculty of Applied Chemistry and Materials Science,  
Polytechnic University of Bucharest, Romania 

3)Department of Research and Development, LUMEA Inc., Lehi, Utah, USA 
4)Department of Research and Development, Themis Pathology SRL, Bucharest, Romania 
5)Department of Pathology, Carol Davila University of Medicine and Pharmacy, Bucharest, Romania 
6)Department of Pathology, Fundeni Clinical Institute, Bucharest, Romania 
7)Department of Organic Chemistry, Faculty of Applied Chemistry and Materials Science, Polytechnic  
University of Bucharest, Romania 

8)Department of Cellular and Molecular Biology, University of Medicine and Pharmacy of Craiova, Romania 
9)Department of Pathology, Faculty of Veterinary Medicine, University of Agronomical Sciences and Veterinary  
Medicine, Bucharest, Romania 

Abstract 
Introduction and Aim: There is a growing need for better, cheaper and faster histopathological diagnostic. The authors reviewed the main 
steps of the efforts towards the improvement of the pre-analytical phase of tissue processing for histological examination. Results: Since 
their introduction decades ago tissue microarrays (TMAs) proved their value by increasing efficiency, standardization and accuracy of many 
histological techniques, such as histochemistry, histoenzymology, immunohistochemistry, in situ hybridization, etc. By allowing the simultaneous 
analysis and comparison of multiple different tissues on a single histology slide (up to 1000 individual samples), TMAs are also having a 
significant economic advantage (consumables and labor). From its first description until recent years, the TMA techniques have evolved 
steadily but slowly despite many attempts to adapt it for clinical diagnostics. In this paper, we are reviewing the main techniques of obtaining 
TMA blocks from the beginning to the present day, as well as recent developments that are expanding their scope into high accuracy/efficiency 
clinical diagnostics. Conclusions: Considering recent developments, we believe that the prospect of high-throughput histology might be 
achievable in the not-so-distant future. 
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 Introduction 
Tissue microarray (TMA) technology is contributing 

to the rapid expansion of current studies of molecular  
in situ analysis and its integration with clinical and 
pathological data. In conventional methods, the tissue 
samples are extracted from archived “donor” paraffin 
blocks and then inserted into a “recipient” paraffin block. 
Sections from TMA blocks are used in several types of 
assays, such as immunohistochemistry, in situ hybridization, 
histoenzymology, histochemistry, etc., and it has been 
shown in numerous experiments that these arrays can be 
representative of tissues in donor blocks, although the 
samples used are sometimes only 0.6 mm in diameter. 
This method will be the basis of multiple experiments  
in different fields of research because it has the power  
to speed up the transition of in-depth research results 
towards clinical applications [1]. 

TMAs facilitate the analysis of molecular changes  
for thousands of tissue samples in a parallel manner.  

A single TMA block contains information on the molecular 
aspects of up to 1000 tissue fragments that are analyzed 
simultaneously. This is in contrast with the classical, 
conventional method, in which each histological slide 
belongs to a single tissue sample. In the end, it would mean 
analyzing and staining 1000 individual sections [2]. 

Aim 

Given all this, in view of all this, we have reviewed 
some of the most relevant milestones that have marked 
the long road of efforts to improve one of the crucial 
stages of the pre-analytical phase of tissue processing for 
histological examination. 

 Paraffin technique TMAs versus support 
technique TMAs 

After the introduction of the method, several questions 
were asked about its accuracy, such as: 
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▪ Is the size of the tissue fragment extracted from  
the donor block sufficiently representative for the entire 
tumor? 

▪ Do molecular analyzes on histological sections have 
the same results on TMA sections? 

▪ How many fragments of tissue extracted from the 
same donor block are needed to build a TMA? 

▪ What is the optimal diameter for a piece of tissue 
extracted from a donor block [3]? 

During the numerous studies performed until the present 
day, it is known that the quality of a TMA is variable and 
proportionally reflects the execution of the entire obtaining 
process [4]. 

With the rapid development of staining methods and 
molecular analysis, new techniques for obtaining efficient 
TMA were increasingly required, and since the discovery 
of the method in 1965 [5] and until now new techniques 
are being tried that can be applied in both fields, research 
and diagnosis. Below are shown the most important 
techniques, TMA obtained from donor tissue fragments 
inserted in the paraffin block are compared with TMA 
obtained using support materials embedded in the receptor 
paraffin block having the role of identifying and supporting 
tissue fragments. 

Paraffin tissue-based TMAs 

Battifora method 

In 1986, H. Battifora proposed a method by which, in 
the first step, tissue fragments were extracted with a knife 
from paraffin blocks, deparaffined and rehydrated with 
decreasing ethanol solutions (100% ethanol to 50% ethanol). 
In the second step, after rehydration, the tissues were cut 
with a razor blade into rods, 10 mm long and 1 mm2 in 
diameter. Finally, about 100 such rods were placed in 
mammalian small intestine segments and then the paraffin 
block was made [6]. 

Wan method 

In 1987, W. HWan et al. designed a method that 
consisted first of manufacturing of a special sampling 
tool, obtained from a 16-gauge syringe needle that was 
then fixed to a syringe. In the first step, tissues could be 
removed from the donor paraffin blocks, then extruded 
from the needle using a wire. In the second step, the tissues 
were placed in small pieces of plastic tubes (drinking straws) 
as a coating. In the third step, the tissue fragments inside 
a straw were melted together to obtain a perfect fusion of 
paraffin between them. Finally, after the solidification of 
the paraffin inside the straw, it was cut and removed, and 
the obtained assembly was placed in a receiving paraffin 
block [7]. 

Kononen method 

In 1998, J. Kononen et al. developed a device, the 
manual tissue arraying machine. This device consists of 
two perforators of different sizes mounted on a movable 
vertical arm to move on a horizontal X–Y route. Tissue 
specimens extracted from the donor blocks using the donor 
perforator are transferred to the holes of the recipient 
paraffin block. 

With this method, approximately 1000 perforated donor 
tissues with diameters that can vary (0.6 mm, 0.8 mm, 

1.00 mm, 2.00 mm) can be embedded in a receiver block, 
with a size of 44×20 mm [8–10]. 

Mengel method 

M. Mengel et al. developed, in 2003, a two-step process. 
In the first step, between 60 and 120 metal pins with a 
thickness of 1.5 mm were fixed on a conventional modified 
metal mold for paraffin embedding. These pins were placed 
on the bottom of the mold over which they poured liquid 
paraffin. After solidification of the paraffin, the pins were 
removed resulting in a receptor paraffin block for a tissue 
arrayer with up to 120 holes. In the second step, the blank 
block was introduced into a second conventional embedding 
mold in order to fill holes with donor tissue fragments. 
The resulted assembly was heated through the bottom of 
the mold, allowing the paraffin block to melt up to 80% 
of its height for perfect fusion [11, 12]. 

Vogel method 

U. F. Vogel et al. proposed and then improved from 
2004 till 2010 another protocol that began with the 
process of prefabrication of paraffin blocks from usual 
histological cassettes and paraffin. In the first step, the 
paraffin was placed in the regular steel molds, over which 
the histological cassette was placed and allowed to cool 
at room temperature. The holes could have several 
dimensions (from 0.6 mm to 1 mm) and were performed 
by drilling the paraffin block fixed on a horizontal support 
(MB140/S, Proxxon) using a milling machine (e.g., 
Proxxon K70). To ensure the cooling of the cutter used 
during the drilling operation, the paraffin blocks were 
submerged in a polyvinyl chloride (PVC) container with 
deionized water. Prior to filling the holes with donor 
tissues, the paraffin blocks were left at room temperature 
to evaporate the water from the holes. In the second step, 
donor tissues were obtained by manual drilling of donor 
paraffin blocks using modified conventional needles and 
a manual milling machine equipped with a cutting disc. 
To ensure fusion between the inserted donor tissues and 
the surrounding paraffin, the receptor blocks with the 
formed tissue matrices were placed in an incubator at 50°C 
for at least 15 minutes [13–18]. 

LeBaron method 

M. J. LeBaron et al. developed, between 2005 and 
2010, a new method based on a construction that involves 
sequential gluing of cross sections of specimen stacks. To 
obtain such many specimens, LeBaron et al. avoided the 
perforation technique. Instead, in the first step, the tissue 
specimens were cut in the form of plates with a knife  
or a microtome, having a thickness of about 100 μm. In 
the second step, these tissue plates were melted or glued 
together to form a primary stack and, finally, sectioned 
again until three-dimensional (3D) secondary stacks resulted 
[19, 20]. 

Support matrix TMAs 

Battifora & Mehta method 

In 1990, H. Battifora & P. Mehta have developed a 
new method that consisted of using a knife made of several 
single-use microtome blades, evenly spaced apart. Sticks 
of raw or paraffined tissues of similar thickness were cut 
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with this knife. The rods were then placed in aluminum 
molds with rectangular grooves covered with 3% molten 
fluid agar at 60°C. After solidification, the agar-embedded 
rod assemblies were stacked and placed in perforated metal 
boxes for paraffin embedding [21]. 

Musat method 

S. Musat has completed designing, in 2002, a new 
method that involved a plant-based support for TMA, 
starting from an earlier version of a matrix array he used 
in 1999 when he inserted liver tissue [22]. To obtain the 
supporting plant matrices, sweet potatoes (Ipomoea batatas) 

were used, previously peeled and cut into 10 cm slices, 
placed in containers with 4% buffered formaldehyde 
solution for the fixation step. After fixation, the potato 
slices were dehydrated with ethanol solutions (progressive 
concentrations, the last one being absolute ethanol), then 
cleared with transitional solvent, followed by paraffin 
embedding under vacuum. The resulting support matrices 
were then planed and drilled to form receptacles where 
donor tissues/cells were placed (Figure 1). After inserting 
the samples, the obtained TMA was embedded in paraffin 
to obtain the blocks which, then, have been sectioned at 
the microtome. 

 
Figure 1 – Vegetal TMA – Muşat method: (A) Paraffin donor tissue sampling device; (B) Donor paraffin block;  
(C) Removing the donor tissue from the sampling device; (D) Empty vegetal tissue microarray and donor tissue samples 
of different sizes; (E) Loaded TMA block; (F) TMA section; (G) HE-stained slide of a vegetal TMA section. HE: 
Hematoxylin–Eosin; TMA: Tissue microarray. 

 

Chen method 

N. Chen & Q. Zhou developed a method, in 2005, 
based on the use of an adhesive platform for fixing donor 
tissues without the need to pre-manufacture the receptor 
paraffin blocks. A photographic plate (a piece of X-ray 
film) cut to the size of the paraffin embedding mold was 
used, over which a piece of double-sided adhesive tape 
was attached. The protective paper of the adhesive tape 
was removed on the area where the donor tissues were 
glued. The donor tissues with a size of 3–4 mm were 
extracted from the paraffin blocks using a biopsy needle 
and removed from the needle directly on the adhesive 
tape. This subassembly was placed in a mold over which 
hot paraffin, at 70°C, was poured until it was filled, then 
the resulting block was cooled to 4°C for 10 minutes. 
After obtaining the TMA block, the adhesive tape and the 
photographic plate were removed [23–30]. 

Song method 

Y. M. Song et al. proposed, in 2006, another two 
steps technique for obtaining TMA blocks. The first step 
represents the construction of the support matrices from 
agarose solution by the following process: a quantity of 
2% molten agarose is poured into a mold followed by 

solidification of the agarose at room temperature; then, 
the agarose block is dehydrated in successive solutions of 
ethanol 30%, 50%, 70%, 80%, 95%, 100%; then, it is 
clarified in three xylene solutions, followed by infiltration 
of the support blocks in melted paraffin, at 64°C, after 
which it is left at room temperature for solidification. In 
the second step, TMA block formation, a Beecher tool 
was used to build in order to form holes in the receptor 
block with agarose-paraffin support. The needles used for 
perforations had an inner diameter of 0.6 mm, 1 mm and 
2 mm and were guided on the axis with precision on the 
X–Y axes. Cylindrical donor tissues of different diameters 
were extracted from paraffin tissue donor blocks and 
inserted into recipient block with defined matrix coordinates. 
For the complete integration of the donor tissues into the 
receptor blocks, they were heated for 10 minutes at 42°C 
and then flattened [31–36]. 

Musat method 

This method designed in 2013 is directly represented 
by the BxChip™ product, a support matrix for processing 
and parallel sectioning of small diameter tissue (biopsies), 
placed horizontally by the surgeon performing the procedure 
(Figure 2). Unlike all other techniques, used strictly  
for research purposes or in the production of control 
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preparations, these matrices have been used from the 
beginning in routine clinical diagnosis, mainly in human 
medicine. This support matrix is a biomimetic colloid with 
tunable properties. In the first step, the support matrix is 

obtained by preparing a mix having a protein component, 
a hydrophobic component, a polymerizable carbohydrate, 
an aqueous phase, a polymerizing agent, a plasticizing 
agent, and, optionally, a pigment [37–41]. 

 
Figure 2 – BxChip™ TMA: (A and B) Loading the BxChip™ with biopsies; (C) Placing the BxChip™ in a histological 
cassette between two reticulated sponges; (D) BxChip™ paraffin block; (E) HE-stained slide of a BxChip™ section. 
HE: Hematoxylin–Eosin; TMA: Tissue microarray. 

 

Williamson method 

W. P. Williamson IV et al. designed, in 2014, a method 
that is represented by tissue orientation gels (Tissue-Tek® 
Paraform® from Sakura Finetek, USA), where pre-shaped 
gels approximately 2 mm thick are used in human clinical 
diagnosis. This support matrix is obtained by mixing corn 
starch, gelatin, methyl paraben and borax with deionized 
water. The aqueous mixture is heated until it starts to boil 
then poured in a non-stick pan, leaving the material to 
flow into all edges and set to a uniform thickness. The gel 
is removed from the pan in one piece after more than two 
hours. Specific holes or shapes in the gel can be obtained 
using molds or die cutting machines. This product is a 
geometric shape support used for orienting of at least one 
tissue sample during a histopathology process (processing, 
embedding and microtome slicing) [42]. 

 TMA techniques applied for research or 
clinical diagnosis 

The methods for obtaining TMAs mentioned above 
aim at maximizing the use of the very small fragment 
tissues, saving time and materials used in the execution 
of numerous molecular studies, genetic studies, etc. 
Processing and performing analyzes simultaneously on 
tissues eliminate the inter-experimental variability of some 
extremely capricious analysis methods. Additionally, this 
tissue multiplexing allows the upgrading of qualitative 
methods into quantitative methods. Since in recent years 
the trend is to save on the execution of histological 

processes (consumables) but also of expensive molecular 
tests, there is a major interest in finding methods to maintain 
the quality of clinical diagnosis while decreasing laboratory 
costs. 

Table 1 shows the advantages and disadvantages of 
using various methods (in chronological order) to obtain 
TMAs in the field of research and their translation into 
human diagnosis. 

As can be seen in Table 1, all methods of obtaining 
TMAs are laborious, except the Musat (BxChip™) and 
the Williamson (tissue orientation gel) methods, which 
enable the incorporation of multiple fresh biopsies. These 
methods streamline traceability, facilitate handling of the 
resulting matrices and result in expeditious sectioning, 
which makes them suitable for routine diagnosis.  

All the other methods, whether using plain paraffin or 
other support materials, require a large number of already 
paraffined biopsies to be meticulously aligned within the 
recipient blocks. This is invariably creating problems during 
sectioning. 

Throughout the history of TMAs, from the discovery 
of the method of obtaining a TMA to the present day, the 
techniques have been directed towards clinical diagnosis. 
Either techniques have been developed to incorporate  
as many tissue specimens as possible to save solvents, 
molecular tests, etc., or to improve the quality of diagnosis 
by eliminating variability from the many stages of the 
histological process. 

Only in recent years has been a massive focus on 
improving the histological process from the first stage – 
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tissue sampling. The two methods, Williamson (2014) 
[42] and Musat (2016) [38] come with a new approach 
that favors an accurate diagnosis. Although both methods 

incorporate fresh tissue specimens and facilitate laboratory 
work, only the Musat method preserves accurate and crucial 
information due to the coding of the support matrices. 

Table 1 – Comparison of TMA techniques (research or clinical diagnosis) 

Method 
[Reference(s)] 

Donor 
tissue 

TMA support matrix or 
codification system 

Ease of TMA  
manufacturing 

TMA  
sectioning 

Research  
or clinical 
diagnostic 

(I) Battifora  
[6] 

P-TSs None 
Very laborious, especially the stage 
of dewaxing the tissues or wrapping 

the baguette. 
Easy Research 

(I) Wan et al.  
[7] 

P-TSs None 
Laborious method due to the use of 

plastic straws. 
Easy Research 

(II) Battifora & 
Mehta  

[21] 

Raw or 
P-TSs 

Agar-embedded 
assemblies 

Laborious method due to need for 
deparaffinizing and agar embedding. 

Easy Research 

(I) Kononen  
et al.  

[8–10] 

P-TSs 
(up to 
1000) 

Precise alignment and 
easy relocation of  
tissue specimens 

Time-consuming method due to  
the use of manual tissue arrayer. 

Rolling and folding of the  
P-TSs because of lack  

of fusion between tissue 
samples and paraffin in  

the recipient block 

Research 

(II) Musat-
Marcu et al.  

[22] 
P-TSs 

Vegetable material 
embedded support with 

few receptacles that 
made the traceability 

process easy 

Laborious method due to obtaining 
the plant-based support after a 
lengthy process of dehydration, 
paraffin embedding and leveling  

the surface. 

Easy sectioning Research 

(I) Mengel  
et al.  

[11, 12] 
P-TSs 

Precise alignment and 
easy relocation of  
tissue specimens 

Laborious technique because of the 
two-step method: (i) obtaining the 

receptor block with metal pins;  
(ii) manual insertion of the samples. 

Samples can be lost in  
the sectioning process 

because of uneven  
height 

Research 

(I) Vogel & 
Bültmann  
[13–18] 

P-TSs 
Precise alignment and 

easy relocation of  
tissue specimens 

Laborious technique because of the 
two-step method: (i) obtaining the 

receptor paraffin block with a drilling 
machine; (ii) tissue samples insertion 

and TMA incubation at 50°C. 

Rolling and folding of the  
P-TSs in sectioning  

process 
Research 

(I) LeBaron  
et al.  

[19–20] 
P-TSs 

Precise arrangement  
of stack plates 

Laborious method (melting/gluing  
the stacks until obtaining a 3D  

stack paraffin block. 
Cracking of P-TSs Research 

(II) Chen & 
Zhou  

[23–30] 
P-TSs 

Precise alignment of 
tissue specimens 

Laborious method because of the 
three-step process: (i) cutting a 

double-sided adhesive tape;  
(ii) extracting the tissues samples 
from donor blocks; (iii) putting the 

tape in upright position in embedding 
mold filled with melted paraffin. 

Rolling and folding of  
the P-TSs during  

sectioning 
Research 

(II) Song  
et al.  

[31–36] 
P-TSs 

Precise alignment of 
tissue specimens 

Time consuming method (obtaining 
the agar stabilization bodies through 

a long process). 

P-TSs are in good contact 
with the surrounding  

paraffin 
Research 

(II) Musat  
[37–41] 

F-Ts 

Precise alignment and 
easy relocation of tissue 

specimens by unique 
codification 

A TMA support matrix with similar 
properties to human tissue that  
fuses with the tissue samples. 

Easy sectioning with fast 
stretching of the sections  

on the water bath and clear 
identification of each biopsy 

Clinical 
diagnosis 

(II) Williamson  
et al.  
[42] 

F-Ts 

Perfect orientation of 
tissue specimens  

but without precise 
identification of patients 

or the number of  
excised biopsies 

Getting a fast TMA with a stable 
support for specimens during the 
dehydration process but without 
concomitant shrinking with the 

inserted tissue samples. 

Capricious sectioning 
Clinical 

diagnosis 

3D: Three-dimensional; (I): Paraffin tissue-based TMAs; (II): Support matrix TMAs; F-Ts: Fresh tissue samples; P-TSs: Paraffined tissue 
sections; TMA: Tissue microarray. 
 

By this aspect, the traceability of the information 
cannot be lost at any stage (regardless of the positioning 
of the support matrix in the histological cassette, during 
paraffin embedding or when placing the section on the 
slide), therefore the order or area from which the biopsy 
was excised is identifiable by its unique location within 
the support matrix [43]. 

 Conclusions 
Traditional histopathological techniques, such as 

histochemistry, immunohistochemistry, in situ molecular 
techniques, etc., are benefiting greatly from the rapid 

development of TMAs with low cost and ease of use. 
Most importantly, TMAs have the potential to improve 
routine clinical diagnostic, particularly using support 
matrices at the point of care. 
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