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BACKGROUND 
With increased sharing of preserved biospecimens for biomarker-
related studies, consistent preservation methods are essential amongst 
sites. Complications arise when choosing preservation protocols which 
are optimized for specific downstream analysis platforms. In gene 
expression studies using fixed tissue samples from the same subjects 
processed within two separate departments at Beaumont, we observed 
two distinct resulting data sets (Figure 1). Considering that each 
protocol is carefully performed and regulated (both certified by CAP), 
this raises concerns about the data derived from the resulting 
preserved specimens. We performed a series of experiments designed 
to reveal differences that may result from slightly different tissue 
processing protocols and further examined the cause of the observed 
differences.  
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Figure 1. (A) Signal Histogram plot from comparison of Affymetrix Clariom D 

array-generated probe signal intensity data. Signal values for each array show a 

distinct formation of two sample groups. (B) PCA analysis displaying a divergence 

depending on FFPE processing protocols. 

METHODS 
A comparison of the two intra-institutional fixation protocols 
(summarized in Table 1.) suggest possible causes for the divergent 
analytical results. The Affymetrix GeneChip Microarray platform was 
employed in a global differential gene expression study which utilized 
archived FFPE pancreatic material from two sources at Beaumont 
Health. Total RNA isolated from laser captured material from FFPE 
tissue blocks was hybridized to Clariom D arrays and after scanning, 
gene-level probe intensities were imported into Partek® Genomics 
Suite™ and scrutinized. Differentially expressed genes were identified 
using ANOVA with both scan date and processing method as random 
variables. RNA fragment length distribution was determined by Agilent 
bioanalyzer smear analysis and quantitative PCR (TaqMan) was 
performed with GAPDH target assays with varying amplicon length.    

Figure 2. (A.) qPCR Amplification plot from TaqMan GAPDH analysis.  Assay:  

Hs99999905_m1, amplicon length: 122nt (B.) Bioanalyzer Smear Analysis of 

isolated RNA.  Observed Ct  value compared to percent of RNA signal above 

amplicon length. 
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DISCUSSION 

The Beaumont BioBank operates independently from the institutional  
pathology department.  Both entities are accredited and follow strict 
guidelines in their respective tissue processing procedures but the 
subtle differences in protocols (Table 1) result in slight variances in 
downstream analytical results when pooling biospecimens from the 
two sources for studies.  In general, we have observed superior 
histology and molecular pathology results with tissues processed in the 
BioBank, while the quantity and quality of information gleaned from 
molecular analysis seems to favor tissues processed by the pathology 
department. Future investigation will scrutinize the fixation protocols 
and identify the exact causes of these differences.  Meanwhile, our 
clinical research studies will be designed in accordance with sample 
source consistencies. 

RESULTS 
Quantitative PCR (qPCR) results confirmed the Gene Chip observations 
and  depended on the RNA quality from both FFPE processing methods 
(Figure 2A). We have previously reported an alternative to the RNA 
Integrity Number (RIN) for the assessment of fragmented RNA such as 
that resulting from formalin fixation and paraffin embedding based on 
Size Metric Analyis RNA Threshold (SMART). RNA fragment distribution 
correlated with qPCR results in a direct comparison of the two fixation 
methodologies (Figure 2B). Further studies confirmed this correlation and 
suggested the presence of another unknown influential factor (Figure 3).  

  

Global proteomic profiles were assessed by MALDI TOF MS analysis 
employing a Bruker Autoflex Speed instrument. Using the Qproteome® 
FFPE kit (Qiagen), the tissues were deparaffinized followed by reversal 
of formalin crosslinking. The total protein was then recovered and 
analyzed. 

Histological staining and molecular pathology was performed in the 
Beaumont BioBank on matched FFPE tissues that underwent 
processing by both departments. A Dako Autostainer Plus was used to 
perform immunohistochemistry (IHC) on the tissues after slide 
preparation and deparaffinization. Definiens® software was used to 
quantify staining intensity for the IHC tissue sections. 

Figure 4. MALDI TOF MS tracings from comparison of averaged (n=4) total protein 

extracts from matched endometrium FFPE tissues from Process “P” (green) or 

Process “B” (red). Extracts were analyzed under three laser energy conditions, 

focusing on mass ranges 700-2000 Da (A), 1-6 kDa (B), or 5-20 kDa (C).  Inset tables 

indicate the number of protein peaks detected (S/N >3). 

  Process “P” Process “B” 
Fixative 
solution 

Neutral Buffered Formalin Zn Formalin 

Time to 
fixative 

30min 30min 

Time in 
fixative 

<12hrs >24hrs 

Station Solution Time (min) Temp Solution Time (min) Temp 
1 80%ALC FORM 10 45°C FORM 30 25°C 
2 100% ALC 1 Ambient FORM 30 25°C 
3 100% ALC 1 Ambient 70% ALC 30 25°C 
4 100% ALC 1 Ambient 80% ALC 30 25°C 
5 100% ALC 20 45°C 95% ALC 30 25°C 
6 100% ALC 20 45°C 100% ALC 30 25°C 
7 100% ALC 45 45°C 100% ALC 30 25°C 
8 XYLENE 1 Ambient XYLENE 30 25°C 
9 XYLENE 10 45°C XYLENE 30 45°C 

10 XYLENE 45 45°C WAX 58 60 60°C 
11 PARAFFIN 10 65°C WAX 58 60 60°C 
12 PARAFFIN 10 65°C WAX 58 60 60°C 
13 PARAFFIN 40 65°C WAX 58 60 60°C 

Table 1. Fixation procedure summaries of the two intra-institutional departments. 
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MALDI TOF MS analysis revealed subtle deviations in general global 
proteome profiles (Figure 4). Although the number of protein species (see 
figure insets) were similar between the two fixation protocols, intensities 
of select protein peaks varied. 

  

 

Figure 3. Comparison of isolated RNA fragment size and resulting qPCR from 

matched uterine endometrium samples.  

Tissues subjected to longer fixation and processing times, use of higher 
quality paraffin, and the presence of zinc in the fixative demonstrated 
greater intensity and higher contrast in H&E staining (Figure 5) and 
Immunohistochemical analysis (Figure 6). 

  

 

Figure 5. H&E staining of a representative matched endometrium tissue from each 

processing protocol (process “P” left panel, process “B” right panel). 20x scale for 

1mm (upper images) and 40x scale for 10µm (magnified insets). 

Figure 6. Immunohistochemistry (IHC) performed on FFPE slides from 

representative matched endometrium samples from the two processing methods. 

Staining results from process “P” (panels A,C) are compared to process “B”  

(panels B, D). The antibodies of interest are Vimentin (DAKO; IS630; clone V9) in 

panels A&B and Smooth Muscle Actin (DAKO; IS611; clone IA4) in panels C&D. 

Inset: staining intensity as determined by Definiens® software analysis. 


