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Tissue microarray technology involves core needle biopsies of multiple tissues constructed in the same block. It 
is a new method used to analyze several hundred tissues, especially tumor samples at a single slide. It may be 
prepared from archival formalin-fixed, paraffin-embedded tissues or from fresh tissues by cryoarray. One 
difficulty with paraffin-embedded tissues is due to antigenic changes in proteins and mRNA degradation 
induced by the fixation and embedding processes. But it is shown that many proteins retain their antigenity for 
more than 60 years. Since it provides to study a parameter for 100-1000 samples on a single slide, community 
based retrospective cohort studies will be available. The equipments are commercially available for microarray 
technique. Predicting the response of chemotherapeutics, comparison of methods, testing interlaboratory and 
interobserver reproducibility of methods are easier, cheaper and faster with tissue microarray technology. 
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Introduction 

Tissue microarray technology (TMA) has been used, 
discussed or described in more than 250 scientific 
publications. It involves core needle biopsies of 
multiple pre-existing paraffin-embedded tissue blocks 
and re-embedding them in the form of an arrayed 
master block. Thus it means biopsy of a biopsy. 
Construction of multiple tissue arrayed block is also 
possible by fresh tissues and frozen section, as well.1 

The first reports concerning TMA appeared 
through 1998–2001 by Kannonen, Kallioniemi et al 
from National Human Genome Research Institute, 
Bethesda, USA2–8 They worked on many different 
tumor types, about the technique and different 
markers. After that so many papers about this subject 
has become appearing in literature (Table 1).  
 Tissue microarray technology is a new method 
used to analyze several tissues especially tumor 
samples on a single slide.1 The recent development of 
tissue microarray technology has potentiated large-
scale retrospective cohort studies using archival 
formalin-fixed, paraffin-embedded tissues.9 It is shown 

that many proteins retain their antigenicity for more 
than 60 years.10 A major obstacle to broad acceptance 
of microarrays is that they reduce the amount of tissue 
analyzed from a whole tissue section to a disk, 0.6 mm 
in diameter.11 As many as 1000 cylindrical tissue 
biopsies from individual tumors can be distributed in a 
single tissue microarray. Sections of the microarray 
provide targets for parallel in situ detection of DNA, 
RNA and protein targets in each specimen on the 
array, and consecutive sections allow the rapid 
analysis of hundreds of molecular markers in the same 
set of specimens.2 One difficulty with paraffin-
embedded tissue relates to antigenic changes in 
proteins and mRNA degradation induced by the 
fixation and embedding process.1 But there are 
technical reports to improve preservation of genome 
DNA and proteins in paraffin blocks, such as zinc 
based fixation, buffered formalin fixation.12 There are 
reports describing construction and use of frozen 
arrays.  
 Analysis of hundreds of specimens from patients 
in different stages of disease is needed to establish the 
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Table 1. The distribution of studies in the literature about tissue microarray. 

Cancer Type Topics % of manuscripts 

Breast carcinoma 
Estrogen, progesterone, Her2/neu, telomerase, cyclin 
D1, erbB2, BRCA1-2, mamoglobin, snoN, KIT, MCSF-1, 
minichromosome 

18.4 

Skin and malignant 
melanoma Tirozin kinase, CD117, Act trans factor 17.6 

Prostate carcinoma CD10, PTEN, NCAM, Sindecan 14.4 

Lymphoma/leucemia Cyclin E, CD20, Pax 5, P18IN4C, CD44, SHP 5.5 

Transitional carcinoma FGFs, EMS1, erbB2, Her2/neu 5.5 

Colorectal carcinoma P 53, Mismatch repair, c-myc 4.7 

Renal cell carcinoma Keratin, steroid hormones, muc-1, cyclins, p53, VEGF 4.5 

Lung Carcinoma EGF, e-cadherin, her2/neu 4.5 

Gastric carcinoma Gastrin, cyclooxigenase 2,c-met 3.6 

Ovarium Erbb2, p53, A103, HIF 2.8 

Hepatic tumors P53, vimentin, hepatitis B 2.8 

Endometrium  STK15, mismatch repair 1.2 

Testis tumors NKX3-1, Oct 3 / 4 1.2 

Surrenal tumors A103, Chromogranin 0.8 

Review articles  3.2 

Technical reports  6.7 

Others Tiroid, paratiroid, Synovial sarcoma, osteosarcoma, 
MFH, histiositosis 2.4 

 

diagnostic, prognostic and therapeutic importance of 
each of the emerging cancer gene candidates.13–18 Most 
of the applications of the TMA technology have come 
from the field of cancer research. Examples include 
analysis of the frequency of molecular alterations in 
large tumor materials, exploration of tumor 
progression, and identification of predictive or 
prognostic factors and validation of newly discovered 
genes as diagnostic and therapeutic targets.3 It can be 
used to correlate lymph node positive and negative 
tumors, it helps for molecular classification of tumors. 
It provides rapid linking of molecular changes to 
clinical endpoints. Predicting the response of 
chemotherapeutics or hormonotherapy19,20, comparison 
of methods, testing interlaboratory and interobserver 

reproducibility of methods is easier and faster with 
TMA. Since it provides studying a parameter for 100-
1000 samples on a single slide, community based 
retrospective cohort studies could be available.21 By 
this way the tissue microarray data exchange 
specification: a community based open source tool for 
sharing tissue microarray data collection is needed. 

TMA techniques 

There are two types of TMA technique, automated and 
manual. In automated method you can mark, edit and 
save punch coordinates using an on-screen display and 
software tools, while you can perform visual selection 
during punching, using magnifying glass or a 
stereomicroscope as a guide. You are faster in the 
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automated method in punch speed and the block 
capacity is 7 times more than manual method. Video-
merge unit displays pre-marked slide images side-by-
side to the donor block image in the automated 
method, while pathologist marks regions of interest to 
slides by hand before arraying in manual method. 
Punch sets of 0.6 mm 1.0 mm 1.5 mm 2.0 mm are 
available. Automated Tissue Microarrayers, Manual 
Tissue Arrayers are also commercially available.  
Automated evaluation is also possible with a DNA 
microarray scanner.  

TMA construction can be summarized as 
follows22, 23: 
1. Formalin-fixed and paraffin-embedded tissues are 
subjected to routine sectioning of 3-5 µm thickness 
and HE staining.  
2. The typical tumor spots are chosen under 
microscopy for each case and marked on the 
corresponding spot on the tissue block.  
3.  Then, cylindrical tissue columns were punctured 
with tissue arrayer (Beecher Instruments, USA; China 
patent no. 03113734.222) in the marked area, or one 
can use any punch biopsy needle. 
4. They are transferred to corresponding receiver pore 
of the prepared block manual; with a special paraffin- 
fixing box (China patent no. 03113733.4)22; or by 
automated arrayer (Beecher Instruments, USA). 
 5. The tissue array block is then completed according 
to the predetermined scheme.  
6. The block is heated at 40 °C for 15 minutes and the 
surface was flattened for subsequent section of 5 µm 
thickness.23 

A sample of manual constructed TMA in our 
laboratory is shown in Figure 1.  

Cryoarray construction can be summarized as 
follows24:  
1. A standard 37x24 mm plastic mold is filled with 
liquid optimal cutting temperature compound. 
2. A specially designed cryoapparatus carrying 48 pins 
of 3 mm diameter is placed in the cryomold. 
3. Solidified at –80 ºC, the cryoapparatus is removed. 
4. A specified core biopsy needle in 3 mm diameter is 
used to punch tissues and transferred to the recipient 
block  
5. Serial sections are taken and the searched procedure 
is applied.  

Conclusion 

A full understanding of the molecular genetics and 
signaling pathways involved in cancer development 
and in the metastatic process is of central importance 
for developing innovative and novel treatment options. 
The most common tumor type studied by TMA is 
breast carcinoma. The distribution of subjects studied 
by TMA is shown at Table 1.  

As TMA induces the amount of tissue required, it 
will be important when amounts of tissue available are 
limited. An important problem is; as it reduces the 
amount of tissue available for analysis, the technique 
may not be representative of antigen expression 
patterns across a whole tumor. The adequate number 
of disks required to represent the expression of 
common antigens in common tumors has been started 
to be evaluated9 It must be evaluated for each tumor 
type, especially in polymorphic tumors. 

Autopsy evaluation could be easier, faster and 
cheaper with more tissue types examined. But number 
of minimum cores required per each organ according 
to the ages should be determined comparing with 
routine sections. RNA in situ hybridization is possible 
by cryoarrays that means TMA using frozen tissues.25 
TMA with validation on full tissue sections is much 
useful for each tumor type.26 Quality control is needed. 
Reference tissues must be used as control and guide. 
The tissue shame in order and coordinates should be 
well documented and archived.  
 Non tumoral studies are rare. These are about 
normal tissues, renal transplantation27, and about 
cerebral tissues and autism.28 The most common used 
method is immunohistochemistry; fluorescence in situ 
hybridization is also available.29 Briefly all techniques 
that can be performed on paraffin embedded tissues are 
also available on TMA. Quantitative analyses are also 
possible on TMA tissues.30 This method may be useful 
in studying the laboratory animal tissues much easier 
and cheaper. All tissues will be studied from all 
animals. 
 TMA technology will be widely used in 
pathology practice and research by its perspective of 
economy.31 TMA studies will fasten the decision of 
which molecular biomarkers would achieve acceptance 
in the clinical setting. Studying the archival paraffin 
blocks of patients with a well known survival and 
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outcome seems to be more useful and reliable than 
gene microarrays since the researcher observes the 
tissues on slides. Nowadays, gene microarray studies 
gain acceptance when they are confirmed by other 
molecular techniques. TMA studies if depended on 
reliable knowledge about the representation of the 
tissue will be very useful in pathology research and 
practice. 

A B 
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Figure1: Please see legend on the next page 



 Tissue microarray 31 

© 2004 Aegean Pathology Society, APJ, 1, 27–32 

References 
1. Fejzo MS, Slamon DJ. Frozen tumor tissue microarray 

technology for analysis of tumor RNA, DNA, and proteins. Am J 
Pathol 2001; 159: 1645-1650.  

2. Kononen J, Bubendorf L, Kallioniemi A, Barlund M, Schraml P, 
Leighton S, Torhorst J, Mihatsch MJ, Sauter G, Kallioniemi OP. 
Tissue microarrays for high-throughput molecular profiling of 
tumor specimens. Nat Med 1998; 4: 844-847.  

3. Kallioniemi, O. P., Wagner, U., Kononen, J., and Sauter, G. 
Tissue microarray technology for high-throughput molecular 
profiling of cancer. Hum Mol Genet 2001; 10: 657-662. 

4. Moch H, Schraml P, Bubendorf L, Mirlacher M, Kononen J, 
Gasser T, Mihatsch MJ, Kallioniemi OP, Sauter G.High-
throughput tissue microarray analysis to evaluate genes 
uncovered by cDNA microarray screening in renal cell 
carcinoma. Am J Pathol 1999; 154: 981-986.  

5. Schraml P, Kononen J, Bubendorf L, Moch H, Bissig H, Nocito 
A, Mihatsch MJ, Kallioniemi OP, Sauter G. Tissue microarrays 

for gene amplification surveys in many different tumor types. 
Clin Cancer Res 1999; 5: 1966-1975.  

6. Bubendorf L, Kolmer M, Kononen J, Koivisto P, Mousses S, 
Chen Y, Mahlamaki E, Schraml P, Moch H, Willi N, Elkahloun 
AG, Pretlow TG, Gasser TC, Mihatsch MJ, Sauter G, 
Kallioniemi OP. Hormone therapy failure in human prostate 
cancer: analysis by complementary DNA and tissue microarrays. 
J Natl Cancer Inst. 1999; 91: 1758-1764. 

7. Richter J, Wagner U, Kononen J, Fijan A, Bruderer J, Schmid U, 
Ackermann D, Maurer R, Alund G, Knonagel H, Rist M, Wilber 
K, Anabitarte M, Hering F, Hardmeier T, Schonenberger A, 
Flury R, Jager P, Fehr JL, Schraml P, Moch H, Mihatsch MJ, 
Gasser T, Kallioniemi OP, Sauter G. High-throughput tissue 
microarray analysis of cyclin E gene amplification and 
overexpression in urinary bladder cancer. Am J Pathol 2000; 
157: 787-794.  

8. Sallinen SL, Sallinen PK, Haapasalo HK, Helin HJ, Helen PT, 
Schraml P, Kallioniemi OP, Kononen J. Identification of 
differentially expressed genes in human gliomas by DNA 

Figure1: Construction of manual tissue microarray (Dr Behçet Uz Children’s Research Hospital, 
Pathology Laboratory) (continued from the previous page) 
A: Selection of tissue area from the paraffin block 
B: The needle used to micro biopsy from the block 
C: New constructed paraffin block 
D: 5 micrometer section on the slide 
E: H&E stained section 
F,G,H, I, J:  Samples from the H&E stained slide 
 

G 

I 

H 

J 



32 S. Aktas 

© 2004 Aegean Pathology Society, APJ, 1, 27–32 

microarray and tissue chip techniques. Cancer Res 2000; 60: 
6617-6622.  

9. Camp RL, Charette LA, Rimm DL. Validation of tissue 
microarray technology in breast carcinoma. Lab Invest 2000; 80: 
1943-1949. 

10.  Dhanasekaran SM.,Barrette TR., Ghosh D, Shah R, Varambally 
S, Kurachi K, Pienta KJ, Rubin MA,Chinnaiyan AM. 
Delineation of prognostic biomarkers in prostate cancer. Nature 
2001; 412: 822-826. 

11.  Bubendorf L. High-throughput microarray technologies: from 
genomics to clinics. Eur Urol  2001; 40: 231-238.   

12.  Wester K, Asplund A, Backvall H, Micke P, Derveniece A, 
Hartmane I, Malmstrom PU, Ponten F. Zinc-based fixative 
improves preservation of genomic DNA and proteins in 
histoprocessing of human tissues. Lab Invest 2003; 83: 889-899.  

13.  Barlund M, Monni O, Kononen J, Cornelison R, Torhorst J, 
Sauter G, Kallioniemi OLLI-P, Kallioniemi A. Multiple genes at 
17q23 undergoes amplification and overexpression in breast 
cancer. Cancer Res 2000; 60: 5340-5344.  

14.  Barlund M, Forozan F, Kononen J, Bubendorf L, Chen Y, 
Bittner ML, Torhorst J, Haas P, Bucher C, Sauter G, Kallioniemi 
OP, Kallioniemi A. Detecting activation of ribosomal protein S6 
kinase by complementary DNA and tissue microarray analysis. J 
Natl Cancer Inst 2000; 92: 1252-1259.   

15.  Bowen C, Bubendorf L, Voeller HJ, Slack R, Willi N, Sauter G, 
Gasser TC, Koivisto P, Lack EE, Kononen J, Kallioniemi OP, 
Gelmann EP. Loss of NKX3.1 expression in human prostate 
cancers correlates with tumor progression. Cancer Res 2000; 60: 
6111-6115.  

16.  Miettinen HE, Jarvinen TA, Kellner U, Kauraniemi P, 
Parwaresch R, Rantala I, Kalimo H, Paljarvi L, Isola J, 
Haapasalo H. High topoisomerase IIalpha expression associates 
with high proliferation rate and and poor prognosis in 
oligodendrogliomas. Neuropathol Appl Neurobiol 2000; 26: 
504-512.  

17.  Moch H, Schraml P, Bubendorf L, Mirlacher M, Kononen J, 
Gasser T, Mihatsch MJ, Kallioniemi OP, Sauter G. Identification 
of prognostic parameters for renal cell carcinoma by cDNA 
arrays and cell chips Verh Dtsch Ges Pathol 1999; 83: 225-232. 

18.  Perrone EE, Theoharis C, Mucci NR, Hayasaka S, Taylor JM, 
Cooney KA, Rubin MA.  Tissue microarray assessment of 
prostate cancer tumor proliferation in African-American and 
white men. J Natl Cancer Inst 2000;92: 937-939 

19.  Hu YC, Komorowski RA, Graewin S, Hostetter G, Kallioniemi 
OP, Pitt HA, Ahrendt SA.  Thymidylate synthaseexpression 
predicts the response to 5-fluorouracil-based adjuvant therapy in 
pancreatic cancer. Clin Cancer Res 2003; 9: 4165-4171.  

20.  Bubendorf L, Kononen J, Koivisto P, Schraml P, Moch H, 
Gasser TC, Willi N, Mihatsch MJ, Sauter G, Kallioniemi OP. 
Survey of gene amplifications during prostate cancer progression 
by high-throughout fluorescence in situ hybridization on tissue 
microarrays. Cancer Res 1999; 59: 803-806. 

21.  Kluger HM, Dolled-Filhart M, Rodov S, Kacinski BM, Camp 
RL, Rimm DL.   Macrophage colony-stimulating factor-1 
receptor expression is associated with poor outcome in breast 
cancer by large cohort tissue microarray analysis. Clin Cancer 
Res 2004; 10: 173-177. 

22.  Dan HL, Zhang YL, Zhang Y, Wang YD, Lai ZS, Yang YJ, Cui 
HH, Jian YT, Geng J, Ding YQ, Guo CH, Zhou DY. A novel 
method for preparation of tissue microarray. World J 
Gastroenterol  2004; 10: 579-582.   

23.  Wu AW, Gu J, Ji JF, Li ZF, Xu GW. Role of COX-2 in 
carcinogenesis of colorectal cancer and its relationship with 

tumor biological characteristics and patients' prognosis. World J 
Gastroenterol  2003; 9: 1990-1994. 

24.  Hoos A, Cordon-Cardo C.  Tissue microarray profiling of cancer 
specimens and cell lines: opportunities and limitations. Lab 
Invest 2001; 81: 1331-1338.   

25.  Struckmann K, Schraml P, Simon R, Elmenhorst K, Mirlacher 
M, Kononen J, Moch H. Impaired expression of the cell cycle 
regulator BTG2 is common in clear cell renal cell carcinoma. 
Cancer Res  2004; 64: 1632-1638.   

26.  Rassidakis GZ, Jones D, Thomaides A, Sen F, Lai R, Cabanillas 
F, McDonnell TJ, Medeiros LJ.  Apoptotic rate in peripheral T-
cell lymphomas. A study using a tissue microarray with 
validation on full tissue sections. Am J Clin Pathol 2002; 118: 
328-334.  

27.  Donauer J, Rumberger B, Klein M, Faller D, Wilpert J, Sparna 
T, Schieren G, Rohrbach R, Dern P, Timmer J, Pisarski P, Kirste 
G, Walz G. Expression profiling on chronically rejected 
transplant kidneys. Transplantation 2003; 76: 539-547.  

28.  Samaco RC, Nagarajan RP, Braunschweig D, LaSalle JM. 
Multiple pathways regulate MeCP2 expression in normal brain 
development and exhibit defects in autism-spectrum disorders. 
Hum Mol Genet 2004; 13: 629-639. 

29.  Korabiowska M, Bauer H, Quentin T, Stachura J, Cordon-Cardo 
C, Brinck U. Application of new in situ hybridization probes for 
Ku70 and Ku80 in tissue microarrays of paraffin-embedded 
malignant melanomas: correlation with immunohistochemical 
analysis. Hum Pathol 2004; 35: 210-216.  

30.  Rubin MA, Zerkowski MP, Camp RL, Kuefer R, Hofer MD, 
Chinnaiyan AM, Rimm DL. Quantitative determination of 
expression of the prostate cancer protein alpha-methylacyl-CoA 
racemase using automated quantitative analysis (AQUA): a 
novel paradigm for automated and continuous biomarker 
measurements. Am J Pathol  2004; 164: 831-840.   

31.  Moch H, Kononen T, Kallioniemi OP, Sauter G. Tissue 
microarrays: what will they bring to molecular and anatomic 
pathology? Adv Anat Pathol 2001; 8: 14-20.  


