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1 Pulmonary Biobank Consortium, CIBER of Respiratory Diseases (CIBERES) - ISCIII (Madrid), Instituto de Investigación Sanitaria de 

Baleares (IdISBA) - Hospital Universitario Son Espases, Mallorca.  

2 Spanish Biobank Platform, ISCIII. 
3 CNIO Biobank, Spanish National Cancer Research Center (CNIO), Madrid. 
4 INCLIVA Biobank, Valencia. 
5 HCB-iIDIBAPS Biobank, Instituto de Investigaciones Biomédicas August Pi i Sunyer (IDIBAPS), Barcelona. 
6 Basque Biobank; The Basque Foundation for Health Innovation and Research (BIOEF), Bilbao. 

 

 
 

7 Andalusian Public Health System Biobank, Granada. 
8 IMIB Arrixaca Biobank, Murcia. 
9 Biobank of Research Institute of Santiago de Compostela, Santiago de Compostela. 
10 University of Navarra’s Biobank IdiSNA, Pamplona. 
11 IRBLleida Biobank, Instituto de Investigaciones Biomédica de Lleida-Fundación Dr. Pifarre, Lérida. 
12 Fundación Jiménez Díaz Biobank, Madrid 

13 Departamento Neuropatología, Banco de Tejidos Cien, Fundación Centro Investigación Enfermedades Neurológicas (CIEN), Madrid. 
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Biobanks have the responsibility to provide 
researchers with samples of known quality 
and an estimated potential for the analysis 
of DNA, RNA, proteins and antigenicity for 
the development of new disease 
biomarkers. A key element is the 
knowledge, control and registration of all 
pre-analytical factors related to the final 
analytical performance of samples, 
particularly complex when dealing with 
samples from a wide range of tissues,   

The first phase has been identifying the 
tools to validate the quality of tissue 
samples (antigenicity [fig.1] and RNA 
[fig.2]), and evaluating the effect of long 
term storage.  

The nucleus proliferation Ki-67 protein, 
cytoskeleton Vimentine protein and CD31 
surface protein were tested on a 
representative retrospective formalin-fixed 
paraffin-embedded (FFPE) non-tumor tissue 
samples (colon, brain, lung, breast, stomach 
and endometrium) preserved between less 
than 1 year and more than 20 years of 
storage (table 1), to evaluate antigenicity.  ALGORITHM PROPOSED TO TEST QUALITY 

obtained through various procedures 
(biopsy, resection or postmortem) and 
potentially tested with different analytical 
procedures. 

The OPTIMARK project aim, which is 
currently being carried out by 12 centres 
with the collaboration of the R&D working 
group of Spanish Biobank Platform, is to 
select and validate the essential pre-
analytical variables relevant in analytical 
testing and high predictive value for the 
applicability of research samples of new 
tissue biomarkers. 
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Correlations have been found on loss of 
antigenicity according to sample age 
depending on the marker used. However, 
the effect of long-term storage on the RNA 
integrity of frozen samples appears to be 
affected by other factors that must also be 
considered. 

CONCLUSIONS 

ANTIGENICITY RESULTS: Colon Ki67 

INTRODUCTION 

Figure 2. Procedures proposed to evaluate molecular integrity, in order to classify the suitability of 
the sample for the expected application. Green: optimal quality; yellow: moderate quality; red: sub 
optimal quality. 
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to pre-analytical  factors 
- Internal tissue controls 
is recommended 

↑ signal 

↓ signal 

No signal 

   
 

      
Q

U
A

LI
TY

 
       

Optimal quality Suboptimal quality Moderate quality 

   
 

      
Q

U
A

LI
TY

 
       

Expression 
arrays 
miRNA 

microarrays 
RNAseq 

RT-qPCR 

RT-PCR  
(endpoint) 

miRNAs  
RT-qPCR 

RIN 
>7-8 

RT-qPCR mRNA 
(ATP5E) 

ratio  
3':5‘amplicons 

Multiple RT-PCR 
housekeeping 

genes (G6PD, TBP, 
HPRT, ACTB, 

GAPDH) 

 RIN 
5-7 

 RIN 
<4 

Visible all 
fragments 

Visible some 
fragments 

≤ 10/20 

>10/20 

miRNAs  
NGS 

No 
degradation 

High 
degradation 

No visible 
fragment 

Purity 
(Spectrophoto

metry 
A260/A280) 

1,8-2,1  
Pure 

<1,8 or 
>2,1 

Impure 

Slight 
degradation 

Ratio 28S:18S  
(Electrophoresis 
~ bioanalyzer) 

~ 

Small 
amplicons ~ 

~ 

Optimal quality Suboptimal quality Moderate quality 

Figure 1. Procedures proposed to evaluate antigenicity tissue quality, in order to classify the 
suitability of the sample for the expected application. Green: optimal quality; yellow: 
moderate quality; red: sub optimal quality. 

The project focus on a retrospective 
analysis of the potential of tissue samples 
stored in the Network, and the 
effectiveness of the current codification 
systems that include pre-analytical 
variables. Additionally, the project aims at 
developing optimized protocols for 
obtaining samples of various tissue origins, 
controlling key pre-analytical factors 
identified previously, and the evaluation 
(algorithms) of analytes (generic and 
specific) related to biomarkers. 

METHOD 

Figure 3. Examples of signal intensity for 
the detection of Ki67 on some colon FFPE 
samples, where areas of analysis are 
marked. Control samples were stored less 
than 1 year, A: between 1-5 years; B: 5-10 
years; C: 10-20 years; D: more than 20 
years. Maximun intensity score is shown in 
red, followed by orange and yellow. Blue is 
without signal.   

Analyzing the results from 
the 103 FFPE colon 
samples (fig. 4), maximun 
intensity score (red) 
clearly predominates on 
control group (fig. 3). 
However, medium 
intensity score (orange) 
predominates on group A 
and B groups, and low 
intensity score (yellow 
and blue) predominate on 
C and D groups.  

Intensity score: +++ red  ++ orange  + yellow  - blue 

These findings suggest that Ki67 protein 
loses antigenicity over the years of storage 
(fig. 4), and could be a good quality 
biomarker. But also that more pre-
analytical factors are involved, since a wide 
intensity score variability intra-group is 
found from 1 year of storage onwards.  

Vimentin and CD31 proteins were also 
tested, but not differences on intensity of 
signal were found between groups.  

Figure 4. Distribution 
of 103 FFPE colon 
samples in each group 
analyzed according the 
predominance algoritm 
of intensity score. 
Yellow shows maximun 
intensity score, green 
medium intensity score 
and blue low intensity 
score.   

Group Storage time 

Control < 1 year 

A 1-5 years 

B 5-10 years 

C 10-20 years 

D > 20 years 

Table 1. Groups of tissue samples according to 
their long-term storage time. 

Furthermore, RNA integrity number (RIN) 
from most paired non-tumor frozen 
samples from the same individuals was 
evaluated.  

Table 2. Characteristics of samples origin. *It is detailed the average and standard deviation of age of 
patients and ischemia times during the sample obtention. **Not available 

MATERIAL 

Figure 5. Average of RNA integrity number (RIN) and standard 
median error obtained for each type of tissue according the age 
of the sample. Brain (n=26), breast (34), colon (49), 
endometrium (26), stomach (17) and lung (44).  

The samples come from patients between 
30 and 65 years (in the case of brain 
samples up to 75 years without vascular 
pathology) without pathology associated to 
the same tissue (table 2). 

RNA INTEGRITY RESULTS 

IHC RIN

Brain 67 ± 11 No Autopsy NA** NA 70 26

Breast 50 ± 8 No Surgical excision NA 18 ± 6 64 34

Colon 58 ± 9 No Surgical excision 17 ± 2 16 ± 5 103 49

Endometrium 53 ± 7 No Surgical excision NA 61 ± 38 26 26

Estomach 47 ± 12 No Surgical excision NA 229 ± 285 17 17

Lung 53 ± 10 No Surgical excision 31 ± 17 22 ± 10 46 44
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