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Paciente Origem Antes da expansão 

celular 

Após expansão celular 

MO T1 T2 T3 

1 MO X X   

2 MO X X   

3 MO X X   

4 MO X X X X 

5 MO X X X  

6 MO   X  

7 MO   X X 

8 MO X X   

9 MO X X   

10 MO X X   

11 MO X X   

12 MO X X   

13 MO X X   

14 MO X X   

15 MO X X   

16 MO X X X  

17 MO X X   

18 MO X X   

19 MO X X   

20 MO X X   

21 MO X X   

22 MO X X   

23 MO X X   

24 MO X X   

25 MO X X X X 

26 MO X X   

27 MO X X   

28 MO X X   

29 MO X X   

30 MO X X   

31 MO X X   

32 MO X X   

33 MO X X   

34 MO X X   

35 MO   X X 

36 TA  X   

37 TA  X   

38 TA  X   

39 TA  X   

40 TA  X  X 

41 TA   X X 

42 TA    X 

43 TA    X 

44 TA    X 

45 OD  X   

46 OD  X   

47 OD  X X X 





 

 

 

 

 

 

 





Paciente Antes da expansão celular 

 (medula óssea) 
Após expansão celular (passagens iniciais – T1) 
 (MSC em P0, P1, P2 e P3) 

 Cariótipo [número de metáfases 

analisadas] 

Amostras 

analisadas 

(passagens)  

Cariótipo [número de metáfases 

analisadas, somando as passagens] 

1 46,XX[20] P0,P1, P2 46,XX[15] 

2 46,XY[35] P0,P1, P2 46,XY[23] 

3 46,XY[20] P1, P2,P3 46,XY[22] 

4 46,XY[12] P0,P1,P2,P3 46,XY[17] 

5 46,XY,inv(9)(p12q13)[15] P0,P1,P3 46,XY,inv(9)(p12q13) [20] 

8 46,XY[24] P2 40~46,XY[32] 
9 46,XY[10] P2,P3 46,XY[15] 

10 46,XX[8] P0,P1, P2,P3 46,XX[11] 

11 46,XY[18] P1, P2,P3 46,XY[18] 

12 46,XY[13] P2,P3 46,XY[22] 

13 46,XY[20] P2 46,XY[20] 

14 46,XY[20] P2, P3 46,XY[40] 

15 46,XX[20] P2 46,XX[15] 

16 46,XY[20]   P2 46,XY[20] 

17 46,XY[20] P2 46,XY[20] 

18 46,XX[20] P2 36~46,XX[20] 
19 46,XY[20] P2 46,XY[20] 

20 46,XY[20] P2 46,XY[20] 

21 46,XX[20] P2 46,XX[20] 

22 46,XY[20] P2 Sem metáfases 

23 46,XY[10] P2 46,XY[22] 

24 46,XY[21] P2 46,XY[20] 

25 46,XY[20] P2,P3 20~46,XY[45]  

26 46,XX[20] P2 46,XX[20] 

27 46,XY[30] P2 46,XY[20] 

28 46,XY[20] P2 46,XY[20] 
29 46,XX[30] P2 46,XX[21] 

30 46,XY[20] P2 46,XX[20] 

31 46,XY[20] P2 46,XY[20] 

32 46,XY[6]  P2 46,XY[24] 

33 46,XY[20] P2 46,XY[20] 

34 46,XY[20] P2 43~52, XY,+X,+4,+5,+10[cp4]/46,XY[18] 

36 NA P2 46,XX[15] 

37 NA P2 46,XY[12] 

38 NA P2 46,XY[20] 
39 NA P3 46,XX[20] 

40 NA P2 46,XX[20] 

45 NA P3 30~46,XX[20] 

46 NA P3 36~46,XX[16] 

47 NA P3 46,XY[20] 

Total  612  803 

média  19,1 ±5,95 (612/32)  = 20,1 ±6,95 (803/40) 









Paciente Antes da expansão celular 

(medula óssea) 

Após expansão celular 

(MSC em P0,P1,P2 e P3) 

 Quebras – chtb e 

chrb  

Falhas – chtg e 

chrg 

Tetraploides  Quebras –  chtb e 

chrb  

Falhas – chtg e 

chrg 

Tetraploides  

1      1/3 

2       

3       

4       

5      1/16 

8       

9       

10       

11       

12       

13  chtg (13q) 

1/20 

 chtb (9q) 

1/20 

  

14 chtb (3q) 

1/20 

 1/21   2/22 

15   1/21    

16  

 

 3/23  

 

  

17   1/21 

 

chtb(10q) 1/20  1/21 

18      2/20 

19       

20 chtb(10q) 1/30 

 

    1/21 

21    chtb(1q)  

chtb(22q) 

2/20 

  

22       

23 Chtb(5q)1/10]   chrb(1p) 

chrb(5q) 

chtb(9q) 

chtb(7p) 

4/22 

  

24    chtb(6q) 

1/20 

chtg(8q) 

1/20 

1/21 

 

25       

26        

27  Chtg(13q)1/30  chtb(17q) 

chtb(5q) 

2/20 

 2/22 

 

28     chtg(4q) 

1/20 

 

29    chrb(6q) 

1/21 

 

 

chtg(14q) 

chrg(3P) 

2/21 

 

 

30     chtg( 13q) 

1/20 

1/21 

31    chtb(14q) 

1/20 

  

32    chtb(7q) 

chtb(12q) 

chtb(2p) 

chtb(6p) 

4/24 

chtg(13q) 

1/24 

 

 

33    chtb(13q) 

1/24 

 5/25 

34 chtb(13q) 

    1/20 

     

      1/27 

      2/15 

    chtb(18q) 

1/13 

  

      1/11 

36       

37       

38       

39    chtb(13q) 

1/20 

 3/23 

40    chtb(1p) 

1/20 

 2/22 

45       

46    chtb(11q) 

1/10 

  

47       

TOTAL 4 2 6 22 6 26 

Frequência  4/625=0,006 2/625=0,003 6/625=0,009 22/810=0,03 6/810=0,007 26/810=0,03 
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Paciente Passagem Amostra Resultado % 

4 P7 ME004 nuc ish (TP53x2) [87/100] 87 

21 P2 ME055 ish 17(D17Z1x2),17p13(TP53x2)[6].nuc ish (TP53x2) [89/100] 89 

23 P2 ME057 ish 17(D17Z1x2),17p13(TP53x2)[3].nuc ish (TP53x2) [96/100] 96 

24 P2 ME060 nuc ish (TP53x2) [84/100] 84 

25 P3 ME064 nuc ish (TP53x2) [214/250] 85,6 

25  P4 ME066 nuc ish (TP53x2) [86/100] 86 

25 P17 ME083 nuc ish (TP53x2) [82/100] 82 

26 P2 ME067 ish 17(D17Z1x2),17p13(TP53x2)[4].nuc ish (TP53x2) [256/300] 85,3 

35 P15 ME115 nuc ish (TP53x2) [92/100] 92 

40 P19 ME109 ish 17(D17Z1x2),17p13(TP53x2)[2].nuc ish (TP53x2) [71/100] 71 

42 P19 ME146 nuc ish (TP53x2) [90/100] 90 

44 P13 ME143 ish 17(D17Z1x2),17p13(TP53x2)[4].nuc ish (TP53x2) [84/100] 84 

média    86  

Paciente Passagem Amostra Resultado % 

      4 P7 ME004 nuc ish (TP53x1) [3/100] 3 

21 P2 ME055 ish 17(D17Z1x2),17p13(TP53x2)[6].nuc ish (TP53x1) [2/100] 2 

23 P2 ME057 ish 17(D17Z1x2),17p13(TP53x2)[3].nuc ish (TP53x1) [1/100] 1 

24 P2 ME060 nuc ish (TP53x1) [3/100] 3 

25 P3 ME064 nuc ish (TP53x1) [4/250] 1,6 

25  P4 ME066 nuc ish (TP53x1) [2/100] 2 

25 P17 ME083 nuc ish (TP53x1) [3/100] 3 

26 P2 ME067 ish 17(D17Z1x2),17p13(TP53x2)[4].nuc ish (TP53x1) [8/300] 2,7 

35 P15 ME115 nuc ish (TP53x1) [3/100] 3 

40 P19 ME109 ish 17(D17Z1x2),17p13(TP53x2)[2].nuc ish (TP53x1) [24/100] 24 

42 P19 ME146 nuc ish (TP53x1) [4/100] 4 

44 P13 ME143 ish 17(D17Z1x2),17p13(TP53x2)[4].nuc ish (TP53x1) [1/100] 1 





Paciente Passagem Amostra Resultado % 

4 P7 ME004 nuc ish (RB1x2) [87/100] 87 

21 P2 ME055 ish 13q14.2(RB1x2), 13q34(13qterx2)[5].nuc ish (RB1x2)[76/100] 76 

25 P17 ME083 nuc ish (RB1x2) [80/100] 80 

26 P2 ME067 nuc ish (RB1x2) [92/100] 92 

29 P2 ME080 nuc ish (RB1x2) [92/100] 92 

30 P2 ME082 nuc ish (RB1x2) [95/100] 95 

35 P15 ME115 nuc ish (RB1x2) [90/100] 90 

40 P19 ME109 ish 13q14.2(RB1x2), 13q34(13qterx2)[1]. nuc ish (RB1x2)[94/100] 94 

42 P19 ME146 ish 13q14.2(RB1x2), 13q34(13qterx2)[1]. nuc ish (RB1x2)[95/100] 95 

44 P13 ME143 ish 13q14.2(RB1x2), 13q34(13qterx2)[2]. nuc ish (RB1x2)[88/100] 88 

Média     89 



Paciente Passagem Amostra Resultado % 

4 P7 ME004 nuc ish (RB1x1) [6/100] 6 

21 P2 ME055 ish 13q14.2(RB1x2), 13q34(13qterx2)[5]. nuc ish (RB1x1)[7/100] 7 

25 P17 ME083 nuc ish (RB1x1) [0/100] 0 

26 P2 ME067 nuc ish (RB1x1) [2/100] 2 

29 P2 ME080 nuc ish (RB1x1) [0/100] 0 

30 P2 ME082 nuc ish (RB1x1) [0/100] 0 

35 P15 ME115 nuc ish (RB1x1) [3/100] 3 

40 P19 ME109 ish 13q14.2(RB1x2), 13q34(13qterx2)[1]. nuc ish (RB1x1) [0/100] 0 

42 P19 ME146 ish 13q14.2(RB1x2), 13q34(13qterx2)[1]. nuc ish (RB1x1) [1/100] 1 

44 P13 ME143 ish 13q14.2(RB1x2), 13q34(13qterx2)[2]. nuc ish (RB1x1) [1/100] 1 

Paciente Passagem  TP53 % médias RB1% médias 

21 P2 2  

 

 

T1 =2,06±0,81 

7  

 

 

T1 =2,25±3,304 

23 P2 1  

24 P2 3  

26 P2 2,7 2 

29 P2  0 

30 P2  0 

25 P3 1,6  

25 P4 2 T2=2,50±0,71  T2=6 

4 P7 3 6 

44 P13 1 T3=7,00±9,56 1 T3=1,00±1,224 

35 P15 3 3 

25 P17 3 0 

40 P19 24 0 

42 P19 4 1 
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Padronização da técnica de citogenética convencional por bandeamento G para células-
tronco mesenquimais derivadas da medula óssea. 

Isadora May Vaz 1, Tamara Borgonovo 1, Paulo Roberto Slud Brofman 1 
Núcleo de Tecnologia Celular - PUCPR 

INTRODUÇÃO: A análise citogenética é crucial para avaliação do potencial uso terapêutico 
de células tronco devido à possibilidade de transformação tumorigênica destas células 
quando cultivadas. Citogenética convencional com bandeamento G é considerada padrão-
ouro para avaliação de uma linhagem celular e tem como objetivo tornar visível as 
bandas de cada cromossomo, permitindo assim identificá-los e avaliar possíveis 
aberrações. METODOLOGIA: Para este estudo foram utilizadas células tronco 
mesenquimais (CTMs) cultivadas a partir da medula óssea, de oito pacientes. Após o 
isolamento e cultivo das células o crescimento das CTMs foi interrompido com inibidor 
mitótico (colchicina ou colcemid). As células foram ressuspendidas em 6ml de KCl 
aquecido a 37°C por 15 minutos. Depois de outra centrifugação e retirada de 
sobrenadante, foram adicionados q.s.p. 5ml de fixador 3:1 (metanol/ácido acético), 
gelado, mantido por 2 a 16 horas em geladeira. Mais duas lavagens foram feitas com 
fixador 2:1 As lâminas foram preparadas em ambiente úmido (banho-maria a 65ºC) e 
submetidas às quatro etapas que compõem o bandeamento. A primeira é a imersão em 
solução de tripsina, a segunda, lavagem em solução fisiológica (NaCl) com soro bovino 
fetal, seguidas por lavagem em água destilada e por fim imersão em corante. Vários 
testes foram realizados comparando diferentes concentrações de soluções e tempos, 
para se alcançar um protocolo ideal. RESULTADOS: Em todos os casos foram obtidas 
metáfases adequadas para análise. O índice mitótico e o padrão de bandeamento foram 
satisfatórios. Observou-se que para obter cromossomos com boa qualidade as amostras 
deveriam ser colhidas quando estavam com aproximadamente 80% de confluência, 
terem seu crescimento interrompido com a adição de colcemid (0,1 µg/mL) por 3 a 6 
horas, depois ser mantidas com solução hipotônica tamponada por 20 minutos a 37°C 
em seguida fixadas com fixador metanol/ác.acético 2:1 e 3:1. Para o bandeamento a 
solução de tripsina (0,015g/mL de NaCl) deve ser aquecida para então mergulhar as 
lâminas, que depois devem ser lavadas em solução com soro bovino fetal e 
posteriormente lavadas em água. Para uma boa coloração com Giemsa, foram 
necessários pelo menos 7 minutos. CONCLUSÃO: Um protocolo para Citogenética 
Convencional por bandeamento G pôde ser padronizado para CTMs de medula óssea, 
estabelecendo as condições ideais para obter cromossomos de boa qualidade, 
permitindo assim uma análise confiável. 

 
STANDARDIZATION OF FISH (FLUORESCENCE IN SITU HIBRIDIZATION) TECHNIQUE TO 
MESENCHYMAL STEM CELLS BONE MARROW-DERIVED 

Vaz, I.M.; Borgonovo, T;Senegaglia, A.C.; Rebelatto, C.L.K.; Brofman, PRS. 
 

Introduction: The FISH technique permit the observation of a specific chromosome or a 
gene according to the probe which was used, and it’s recommended as a complementary 



exam to the conventional cytogenetic, since it allows explain a lot of structural changes as 
translocations and small deletions. Objectives: Standardize the FISH (fluorescence in situ 
hybridization) technique to mesenchymal stem cells bone marrow-derived. Method: 25 
experiments were done using 5 a 10µl of a commercial probe. The technique was done in 
two days. First day: the slide was done with Carnoy fixative solution and immerse in 2xSSC 
solution (37ºC) for 2 minutes, then it’s immerse in a sequence of ethanol solution 70%, 
85% and 100% for 2 minutes. After the probe preparation, it was apply in a particular 
place in the slide and a coverslip was put and sealed, then the sample and probe were co-
denatured at 75ºC, then, were hybridized in a humid, lightproof container at 37ºC. Second 
day: the coverslip was removed and the slide was immersed in a warm 0,4xSSC solution. 
Then, immerse in a transport solution for 30 seconds. After that, the slide was drained 
and 5µl of DAPI antifade solution was applied. That place was covered with a coverslip, 
the bubbles were removed and stayed in the dark for 10 minutes. The slides were 
analyzed in a fluorescence microscope with filters cubes to blue, red and green colors. 
Results: The results were successfully obtained. The number of signals displayed 
corresponds to the expected for normal cells. The results allowed concluding what is the 
ideal condition to obtain good slides to analyze. Conclusion: A protocol was created for 
genetic evaluation by the FISH (fluorescent in situ hybridization) technique to 
mesenchymal stem cells bone marrow-derived allowing a reliable analysis to be 
implemented in the Núcleo de Tecnologia Celular-PUCPR. Moreover, this protocol proved 
to be efficient for stem cells from other sources as induced pluripotent stem cells and 
mesenchymal stem cells from umbilical cord blood and adipose tissue. 

G-banding for genetic instability study in adult stem cells 

Tamara Borgonovo 1, Isadora May Vaz 1, Alexandra Cristina Senegaglia1, Carmen Lúcia 
Kuniyoshi Rebelatto1 and Paulo Slud Brofman1 

Centro de Tecnologia Celular da Pontifícia Universidade Católica do Paraná – 
PUCPR – Curitiba – Brazil 

tamaraborgonovo@yahoo.com.br 
 

Stem Cell (SC) cultivation can lead to the accumulation of genetic and epigenetic 
alterations, characterizing an instability that can explain, at least partly, its in vivo 
tumorigenic potential. For this reason, in order to use SC in a therapeutic context, they 
must require guarantee of their quality and safety, with the implementation of exhaustive 
quality control programs, including chromosomal instability analysis. Unlike the embryonic 
stem cells, the adult stem cells, like as mesenchymal stem cells (MSCs), have been 
maintaining genomic stability in culture. 

In Brazil, the Ministry of Health created in 2008 eight Cell Technology Centers (CTC) 
where the main goal is the SC isolation and cultivation. One of the requirements of the 
National Agency of Sanitary Vigilance (ANVISA) is the realization of a genetic testing as a 
release criterion for use of these cells in humans. 

The aim of this work is to show how the chromosomal instability is evaluated in our 
CTC.  We analyzed MSCs bone marrow-derived from 21 patients (median age = 53,4 
years). To the G-banding karyotype, 710 metaphases were analyzed from 57 samples, 
before (bone marrow) and after (MSCs) cultivation, until the fourth passage. We used 
LUCIA image analysis systems for cytogenetic and the results were described following 
the guidelines to International System for Human Cytogenetic Nomenclature (2013). 

Metaphases were successfully obtained in all the cases. We observed non-clonal 
aneuploidy and instability chromosomal signs: cromatidic gaps, chromosome breaks and 



tetraploidy, which could indicate an intermediate step for tumorigenesis. No clonal 
chromosomal rearrangements were detected. All the samples were approved to 
autologous therapeutic use.  

Our results confirm the importance of G-banding cytogenetic study, once this 
technique is able to detect both numeric and structural alteration, including balanced 
rearrangements and mosaicism, other than evidencing instability chromosomal signs. 

 

 
Cytogenetic analysis of human mesenchymal stem cells (hMSCs) derived from bone 

marrow and adipose tissue. 
Pedroso GA¹, Solarewicz MM¹, Vaz IM¹, Borgonovo T¹, Rebelatto CLK¹, Senegaglia AC¹, 

Brofman PRS¹. 
¹Centro de Terapia Celular – Pontifícia Universidade Católica do Paraná – Curitiba-PR. 

 
INTRODUCTION: The use of human mesenchymal stem cells (hMSCs) has proven to be a 
promising in cell therapy for recovery of damaged tissues, including the treatment of heart 
diseases due to its effectiveness in restoring myocardial tissue. This particular cell type, 
isolated from bone marrow or adipose tissue, has a high capacity for self-regeneration, 
and the release of factors which contribute to the formation of a favorable environment 
for the recovery of endogenous cardiac tissue. However, it has been reported that in vitro 
hMSCs can acquire genetic changes and therefore would be more likely to undergo 
neoplastic transformation. In the specific case of hMSCs derived from adipose tissue, this 
propensity could be intensified due to the increased oxidative stress observed in this 
tissue. Thus, the application of cytogenetic techniques is needed to evaluate and ensure 
the integrity of the genetic material in hMSCs to be used in cell therapy. OBJECTIVES: 
Using the cytogenetic analysis, this study aimed to assess possible chromosomal 
abnormalities, numerical and/or structural, in hMSCs derived from adipose tissue and 
bone marrow, cultivate in the laboratory and used in cellular therapy programs. 
MATERIALS AND METHODS: hMSCs samples were separated into two groups derived from 
adipose tissue and bone marrow, which were isolated and expanded in vitro. In total 
twenty-one samples were investigated, three adipose tissue stem cells and eighteen bone 
marrow stem cells. The karyotype analysis was performed by GTG banding in initials 
passages (P2, P3), at which stage the cell transplantation is performed. The karyotype 
analysis was performed following orientations of International System Cytogenetics 
Nomenclature (ISCN) 2013. RESULTS AND DISCUSSION: We detected a normal karyotype 
in all twenty-one samples of hMSCs obtained from bone marrow and adipose tissue. 
However, in the 415 metaphases analyzed, occasional structural and numerical 
abnormalities were found in seven samples, all these derived from bone marrow. 
However, in none of the analyzes was observed the presence of clonal chromosomal 
abnormalities, and there is therefore no statistically significant difference between the 
two strains of hMSCs. CONCLUSION: These results indicate that both hMSCs lineages are 
able to maintain their chromosomal stability preserved in vitro until third passage. 



Evaluation of genetic stability of human mesenchymal stem cells through fluorescence in 

situ hybridization – FISH 
Vieira SR1, Vaz IM1, Borgonovo T1, Senegaglia AC1, Rebelatto CLK1, Brofman PRS1 

1 Centro de Tecnologia Celular – Pontifícia Universidade Católica do Paraná – Rua 

Imaculada Conceição, 1155, 80.215-901 Curitiba-PR, Brasil 

 
Introduction: The FISH technique is a complementary test to conventional cytogenetics, 
which enables to check and detect specific nucleic acid sequences in interphasics and 
metaphase cells using a cytochemical procedure. Because it is a more sensitive technique 
than karyotyping, it can detect small changes even at low frequency, in various cell types, 
such as adult human mesenchymal stem cells (hMSC). Objective: To evaluate the 
maintenance of genetic stability of hMSC, until the second passage, searching genes MYC, 
TP53, MLL, IGH, CCND1, TEL, AML1 and chromosome 7. Materials and method: We 
performed 24 experiments with 8 bone marrow samples, 3 peripheral blood samples and 
13 samples of hMSC. The technique is performed in two steps. In the first day (first step), 
the slides were prepared using fixed samples with Carnoy fixative solution, washed with 
2XSSC and then dehydrated in ethanol series (70%, 85% and 100%). After preparation of 
the probe, it was applied at the position previously marked on the slide carefully covered 
with cover slip sealed with rubber solution. The slides were co-denatured at 75°C for 2 
minutes and incubated overnight at 37°C, lightproof and humid, to allow the 
hybridization. In the second day (second step), the coverslip was removed and the slides 
were dipped in heated washing solution. Then 5 μl of DAPI Antifade solution was applied. 
The slides were covered with another coverslip, and they were stored overnight in the 
fridge, prior to reading the fluorescence microscope. Results: All samples showed the 
expected signals to normal cells. Conclusion: The results show the possibility of using this 
test to evaluate chromosomal stability in hMSC, however, future studies with larger 
samples are needed to confirm the maintenance of the stability of these cells to the 
second passage. 

Use of diepoxybutane test in mesenchymal stem cell to evaluate the genetic instability 

Vaz IM1; Borgonovo T1; Rebelatto CLK1; Senegaglia AC1; Brofman PRS1 

1Centro de Tecnologia Celular – Pontifícia Universidade Católica do Paraná – Rua 

Imaculada Conceição, 1155, 80.215-901 Curitiba-PR, Brasil 

 

Introduction: The culture of mesenchymal stem cells (MSCs) must be followed by a 
periodic evaluation, because genetics instabilities can arise during the culture and it can 
explain, partly, the possibility of this cells become tumorigenic cells. One of the techniques 
used to evaluate this instability is the chromosomal instability test induced by alkylating 



agents, as the Diepoxybutane. This test exposes the fragility chromosome by increasing of 
chromosomal or chromatid breaks in cultured cells in the presence of these agents.  
Objetive: Evaluate if the MSCs could develop genetic instability during the culture. 
Materials and methods: For this study four samples of MSCs had been used. 
Approximately 2x10  cells were plated in T-25 flasks at 37ºC in a humidified atmosphere 
containing 5% CO2, when culture reached a confluence of 80%, it was subcultured and 
were replated to new flasks (passage 1). In the second passage, the DEB solution was add 
to the culture, in the 0,01 and 0,001 dilutions in different flasks. After 48 hours in 37°C, 
was add arresting solution  and the culture was detached with 0.25% trypsin and the cells 
were transferred to a 15ml tube and centrifuged, and ressuspended in warm hypotonic 
solution. After, the cells were washed twice with 3:1 fixative solution (methanol/glacial 
acetic acid) and with fixative solution (2:1). The slides were done in a humid and warm 
place and the cells were stained using a Giemsa solution and buffer solution (potassium 
and sodium). The metaphases analyzed were found and captured, noting the frequency of 
breaks, gaps, fragments and figures found in each cell. To calculate the rate of breakage 
and radial figures it was used the formula: total number of failures/ total number of cells 
analyzed. Results: 240metaphases were analyzed, 3 of these showed the presence of 
gaps and 3 breaks, but none showed above the average of 1.06 breaks per cell, which 
would indicate a positive DEB test result.Conclusion: The results show the possibility to 
use this test to evaluate chromosomal instability in MSCs. Further tests are needed with a 
larger number of samplesto confirm the stability of these cells until the second passage. 
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O folículo dental (FD) é uma estrutura que reveste o dente em desenvolvimento e se 
diferencia em ligamento periodontal, além disso, ele pode ser precursor de outras células 
do periodonto, incluindo cementoblastos e osteoblastos. O trabalho objetivou avaliar a 
estabilidade cromossômica em células-tronco oriundas de folículo dental humano e 
cultivadas por 15 passagens. Foram isoladas, expandidas e caracterizadas células-tronco 
a partir de folículo dental que envolvia terceiro molar incluso com indicação de remoção 
cirúrgica. As células- -tronco foram caracterizadas por meio de adesão ao plástico, 
imunofenotipagem e diferenciação. A estabilidade genética foi avaliada durante diversas 
passagens, até a passagem 15 (P15), por cariotipagem com bandeamento GTG (banda G 
com Tripsina e Giemsa). Os resultados foram normais em todas as amostras, com 
ausência de aberrações cromossômicas clonais, confirmando a manutenção da 
estabilidade durante o cultivo, embora várias células tenham apresentado alguns sinais 
de instabilidade: falhas e quebras cromossômicas. Esse estudo foi aprovado pelo Comitê 
de Ética em Pesquisa da Pontifícia Universidade Católica do Paraná (Parecer 96.328, 
12/09/2012, CAAE 04166512.7.0000.0020). Na amostra estudada, o número de 
passagens (até P15) não comprometeu a estabilidade genética de células-tronco obtidas 
a partir de folículo dental humano. 
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INTRODUCTION: Cultived stem cells (SC) have shown great potential for use in several 
areas of cell therapy, however it has been reported that they can acquire genetic changes 
and therefore would be more likely to undergo neoplastic transformation. For this reason, 
in order to use SC in a therapeutic context, they must require guarantee of their quality 
and safety, with the implementation of exhaustive quality control programs, including 
chromosomal instability analysis. Unlike the embryonic SC, the adult SC, like 
mesenchymal stem cells (MSCs), have been maintaining genomic stability in culture. In 
Brazil, the Ministry of Health created in 2008 eight Cell Technology Centers (CTC) where 
the main goal is the provide stem cells under conditions of GMP, to the National Network 
for Cellular Therapy. One of the requirements of the Brazilian National Health Surveillance 
Agency (ANVISA) is the implementation of genetic control as a release criterion for use of 
these cells in humans. 
OBJECTIVE: The aim of this work is to show how the quality control by G-banding 
karyotyping is performed and evaluated in our CTC. 
MATERIAL AND METHOD: We analyzed bone marrow-derived MSCs from 33 patients 
(mean age = 51,9 ±9,9 years). To the G-band karyotype, metaphases were analyzed 
before (bone marrow) and after (MSCs) cultivation, until the second passage (P2). We 
used LUCIA image analysis systems for cytogenetic and the results were described 
following the guidelines to International System for Human Cytogenetic Nomenclature 
(2013). 
RESULTS: Metaphases were successfully obtained in 32 cases. Twenty two (68.75%) 
presented instability chromosomal signs: cromatidic gaps, chromosome breaks, 
cromatidic breaks and tetraploidy, which could indicate an intermediate step for 
tumorigenesis. A total of 1.414 metaphases analyzed, 57 (4.03%) presented some of 
these signs. No clonal chromosomal rearrangements were detected. All the samples were 
approved by the cytogenetic quality control to therapeutic use. 
CONCLUSION: Our results confirm the importance of G-band cytogenetic study, since this 
technique is able to detect both numeric and structural alteration, including balanced 
rearrangements and mosaicism, other than evidencing instability chromosomal signs. 
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Introduction: The use of human mesenchymal stem cells (MSC) has been shown to be a 
promising strategy for cell therapy in recovery of injured tissues. However, it has been 
described in the literature that MSCs cultured in vitro can acquire genetic changes and 
therefore would be more likely to undergo neoplastic transformation. Thus, the application 
of cytogenetic techniques is needed to evaluate and ensure the integrity of the genetic 
material of MSCs used in cell therapy. The FISH technique is able to detect low frequency 
genetic changes, allowing the identification of specific sequences in the DNA molecule. A 
recurring change in tumoral cells is the loss of one allele of TP53 and RB genes. These 
genes are in the center of two major tumor suppressor pathways that control cellular 
responses to potentially oncogenic stimuli. Therefore, alterations associated with these 
genes are closely related to the development of the cancerous process. 
Objective: To evaluate the maintenance of genetic stability MSCs kept in culture, through 
the investigation of the presence of TP53 and RB genes.  
Materials and methods: In total 14 experiments were performed, with 8 MSCs samples 
evaluated for the presence of TP53 and 6 evaluated regarding the presence of the RB 
gene. The FISH technique was performed in two steps. In the first stage was added RB 
and TP53 probes(Cytocell-Aquarius, LPS011 and LPH017) in slide preparation, which were 
co-denatured at 75 °C for 2 minutes. In the second step, after incubation at 37 °C and 
washing the slides,the DAPI antifade solution was added.  

Results: All samples showed the expected signals for normal cells, it was possible to 
identify the presence of both alleles, maternal and paternal, of both genes, TP53 and RB. 
The frequency of the signals expected (2 reds and 2 greens) was 91,53% and 87,42%, for 
the TP53 and RB genes, respectively. Some of the cells showed signs corresponding to 
monossomies and tetraploids, confirming what had been detected on conventional 
cytogenetic. The importance of detecting these cells lies in the fact that they may 
represent the loss of genetic stability, expected for long-term cultured cells. 
Conclusion: The test detected the presence of TP53 and RB genes in all samples. All 
samples showed the expected for normal cells. These results demonstrate the possibility 
of using this test to assess the genetic stability in MSC, complementing conventional 
cytogenetics. 

GENETIC INSTABILITY TEST IN MESENCHYMAL STEM CELLS 
Isadora M. Vaz; Tamara Borgonovo, Alexandra C. Senegaglia, Carmem L. K. Rebelatto, 
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Introduction: The mesenchymal stem cells (MSC) cultivation must be followed by a 
periodic cytogenetic evaluation, because instabilities can arise during cultivation and can 
explain, at least partially, the possibility that these cells become tumorigenic. One of the 
techniques to evaluate the genetic instability is the test of chromosomal instability 



induced by alkylating agents, for example, diepoxybutane(DEB, 1,3-Butadiene Diepoxide). 
This test exposes the chromosome fragility inducing chromatid or chromosome breaks in 
cells cultured in the presence of these agents.  
Objectives: To evaluate the genetic instability of MSCs using the DEB test 
Methods: For this study we used 7 samples of human bone marrow-derived MSCs. 
Approximately 2x10 mononuclear cells were plated in T-25 flasks at 37ºC in a humidified 
atmosphere containing 5% CO2. When culture reached a confluence of 80% it was sub 
cultured and were replaced to new flasks (passage 1). In the second passage, the DEB 
solution was added to the culture, in the 0,01 and 0,001 µl/mL dilutions in different 
flasks. After 48 hours in 37°C, was added arresting solution, the culture was detached 
with 0.25% trypsin/EDTA, the cells were transferred to a 15ml tube, centrifuged and 
ressuspended in warm hypotonic solution. After that cells were fixed with 3:1 fixative 
solution (methanol/glacial acetic acid) and washed twice with 2:1 fixative solution. The 
slides were prepared in a humid and warm place and the cells were stained using a 
Giemsa solution. The metaphases analyzed were found and captured, noting the 
frequency of breaks, gaps, acentric fragments and figures in each cell. To calculate the 
rate of breakage and radial figures it was used the formula: total number of failures/total 
number of cells analyzed. 330 metaphases of MSCs were evaluated, analyzing 20 
metaphases whenever it possible of each sample (without  and with DEB at different 
dilutions).  
Results: Where observed only 7 breaks in the samples without DEB, while the samples 
exposes to the DEB showed 19 breaks, 8 fails and 1 ring chromosome, but any of them 
reached the index of 1.06 breaks per cell, which would indicate a positive DEB result.  
Conclusions: There is possibility to evaluate chromosomal instability in CTMs using the 
DEB test. Even without reaching the index, the fact that they show breaks and gaps 
demonstrates the importance of this test as a complement to conventional cytogenetic 
examination. 
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Objectives: The aim of this work was to generate induced pluripotent stem cells (iPS) from 
human dermal fibroblasts (HDF) using the STEMCCA system and to differentiate these 
cells into cardiomyocytes. 
Methods: Lentiviral particles were generated by transfecting the HEK293FT cells with 
policistronic plasmid STEMCCA (OCT4, SOX2, KLF4 and c-MYC), VSV-G, Tat, Rev and 
Gag/Pol. HDF in the 4th passage were transduced (MOI1) and the cells were transferred to 
plates treated with Matrigel™ and cultivated in mTeSR1. G-banded karyotyping was 



performed and iPS were characterized by RT-PCR, flow cytometry, immunofluorescence 
and spontaneous differentiation. iPS were differentiated into cardiac lineage following 12 
days of induction. Inday 0-1 the cells were aggregated and cultivated with STEMPRO34, 
transferrin, ascorbic acid, monothioglycerol (basal medium) and BMP4. In days 1-4, 
mesoderm differentiation was induced with basal medium with the addition of 
BMP4/ActivinA in the following concentrations: 3/2, 10/6 and 30/10 ng/mL. The 
evolution of CD56 and PDGFRα expression was analyzed by flow cytometry. For the 
differentiation in cardiac mesoderm (days 3-8), cells were cultivated with basal medium 
with the addition of VEGF 10 ng/mL and XAV 939 (10μM). In days 8-12 the cells were 
cultivated with a basal medium. In day 15, cells were evaluated for the troponin T 
expression. 
Results: Our results demonstrated that virus production was efficient, with 11.6% of the 
cells transduced being positive for OCT4 after 72 hours. iPS emerged during days 12-18 
and were selected manually for expansion. iPS had a normal karyotype (46, XX) and 
expressed OCT4, SOX2, NANOG, REX1, KLF4, DNMT3B, TDGF, TERT, GDF3, LIN28 and 
NODAL by RT-PCR. By flow cytometry and immunofluorescence, we observed expression 
and characteristic staining of OCT4 (90.7%), SOX2 (84.7%), NANOG (97.7%), SSEA4 
(78.5%), TRA1-60 (98.2%), TRA1-81 (79.2%). Cells also had a positive staining for c-MYC 
and LIN28. iPS showed spontaneous differentiation and expressed by RT-PCR Nestin, 
TUBB3 (ectoderm), MSX-1, Brachyury, BMP4 (mesoderm), Gata6 and Sox17 (endoderm) 
and had positive staining for Nestin and Brachyury. On day 2 of the cardiac differentiation, 
the cells did not express CD56 and PDGFRα in any conditions. On days 3 and 4, the 10/6 
condition expressed CD56 (44.7% and 52.6%) and had a discrete expression of PDGFRα, 
inducing the cardiac mesoderm. On day 8 beating cells in all conditions were observed 
and on day 15 flow cytometry for Troponin T demonstrated that the best condition was 
10/6 with induction of cardiac mesoderm on day 3: 3/2 (32.1%), 10/6 (41.7%), 30/10 
(36.3%). 
Conclusion: The viral production was efficient and the generated iPS had normal 
karyotype with pluripotent characteristics. These iPS cells were able to differentiate into 
cardiomyocytes. 
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Introdução: A técnica de FISH é de bastante interesse no campo de citogenética humana, 
especialmente para o diagnóstico de doenças neoplásicas. Nela são utilizadas sondas de 
DNA específicas e complementares a alguma sequência de interesse, porém, antes de 
iniciar um teste clínico, elas devem ser validadas para que assim a sensibilidade 
analítica, acurácia, especificidade e a faixa de corte sejam estabelecidas. Objetivo: Validar 
as sondas de DNA, TP53 e RB1, visando uma futura aplicação clínica deste teste. 
Metodologia: Foram realizados 16 experimentos em células humanas de sangue 
periférico e células-tronco mesenquimais, 10 avaliados quanto a presença do gene TP53 
e 6 quanto ao gene RB1. Após a coleta, cultivo e colheita das amostras, foi realizada a 
preparação das lâminas, adição das sondas, desnaturação a 75ºC, hibridização a 37ºC, 



aplicação de DAPI antifade e, no microscópio de fluorescência, 200 núcleos de cada 
amostra foram avaliados. Resultados: Todas as amostras apresentaram os sinais 
esperados para as sondas utilizadas. O valor de corte, calculado através da função Beta 
Inv (Microsotf Excel), foi 6,3% e 5,7% para os genes TP53 e RB1 respectivamente. Isto 
significa que é necessário um mínimo de 13 das 200 células para que uma amostra seja 
considerada anormal quando avaliada para a presença do gene TP53, e um mínimo de 
12 das 200 células para o gene RB1. Conclusão: Esta importante etapa possibilita, a 
partir deste momento, a aplicação clínica deste teste em nosso laboratório, oferecendo 
um exame seguro e preciso para investigar anormalidades relacionadas a presença 
destes genes. 
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The use of human mesenchymal stem cells (MSC) has been shown to be a promising 
strategy for cell therapy in injured tissues recovery. However, it has been described that 
MSCs can acquire genetic changes when cultivated in vitro and they would be more 
susceptible to undergo neoplastic transformation. Thus, the application of cytogenetic 
techniques is needed to evaluate the integrity of MSC genetic material used in cell 
therapy. As quality control of the cells, at the Center for Cell Technology (CTC-PUCPR), we 
performed regularly cytogenetic analyses (G-banding karyotyping). We report on a 67-year-
old patient, male, selected to join the project: Autologous transplantation of mesenchymal 
cells for treatment of severe and refractory isquemic cardiomyopathy. To evaluated 
chromosomal alterations, one bone marrow and five MSC samples in different passages 
(P) were used. The bone marrow sample showed a normal karyotype: 46,XY[20], however, 
the MSC at P2 showed a hyperdiploid clone, with composite karyotype: 
43~52,XY,+X,+4,+5,+10[cp4] and non-clonal trissomies: +2, +12, +20. Following pre-
established criteria in CTC-PUCPR, this sample was not approved for infusion. After that, 
the cells showed normal karyotype at P4 and P5. A mononuclear cells sample of the 
same patient, which had been frozen for backup, was cultivated, and at P3 showed a 
clonal translocation t(9;18)(p24;q11)[8]. At P5 the karyotype was normal. At this moment, 
from all cytogenetic analysis performed in CTC-PUCPR (152 samples), this was the only 
case to show a clonal cytogenetic abnormality, and it  was discarded. There is controversy 
about the use of cells with cytogenetic abnormality for therapy, because of their 
tumorigenic doubtful capacity. Despite this, we decided, like Muntion et al (2012), not to 
use these cells for regenerative medicine purposes. 
 




















