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A-Warm ischemia: the time between ligation of arteries and
removal of tissues (hypoxia at 37°C) depends on:
a) Type of operation
b) Modality of intervention
c) Ability of the surgeon
From half to 1 hour for stomach, lung, colon, ………..

Outside the pathology lab Inside the pathology lab

Surgery Hospital 
Organization

Pathology
Department

3. Grossing

4. Fixation

5. Embedding

6. Archive

1. Warm Ischemia 2. Transport

Seconds to hours

Hours to days

Hours to days 

Months to decades



Pre-analytical Conditions
Outside the pathology lab Inside the pathology lab

B- In the surgical theatre the use of specific techniques (heat
cutting, …) or simply the traction and distortion of tissues can
influence gene expression modification, protein coagulation or
their diffusion into extracellular spaces with consequences for
IHC results.
C- IHC reliability and RNA analysis can also be affected by
common pathological processes such as hemorrhagic diffusion in
tissues, necrosis, inflammation or apoptosis.
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# Inducible genes: warm ischemia and cold ischemia can differently influence genes with increased or
decreased expression, with changes in mRNA expression but also at the protein level.
# On the other hand, many genes can be totally indifferent to ischemia.
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Interval from the surgical table to the pathology lab
Alternatives to shorten cold ischemia:
a) Tissues left fresh transported at r.t. or in wet ice*
b) Tissues immersed in formalin-small biopsies-
annotation time
c) Transport at 4°C under vacuum*
Avoid to air dry the tissues

*Accidentally freezing and thawing the tissue (e.g., by using cool packs in a wrong manner) can lead to protein degradation



Bussolati-2014

Cell Cultures

G. Bussolati Graz 2014

Tissue transport under vacuum

New Biotechnology 2019, 52:104-109

(2013) A Collection of Primary Tissue Cultures of Tumors from Vacuum Packed and Cooled Surgical
Specimens: A Feasibility Study. PLOS ONE 8(9): e75193.
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di↵erent in all cases although overlapping was observed in some cases. To estimate the percentage of formylation
for AMP the area of the H-8 signal of 1a (8.45 ppm) and 1b (8.48 ppm) was correlated giving 66% in favor of 1b.
For GMP we referred to H-10 signal since they were well separated in the two compounds (5.75 ppm for 2a and
5.88 ppm for 2b) giving a conversion of 36% for compound 2b. For CMP we referred to the hydroxymethyl signal
of 3b and the H-10 signal which is the sum of both 3a and 3b giving a conversion of 50%. In the case of UMP no
signal appeared in the range 4.70–5.50 ppm indicating that no formylation occurred. To confirm, all the other
signals were not split as no hydroxymethyl derivative was formed. This is in accordance with the structure of
UMP which hasn’t got any amino group, while 1a–3a have an amino group in the heterocyclic ring which can
react with formaldehyde.
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Figure A1. Structure of mononucleotides 1a–4a and hydroxymethyl adducts 1b–3b. 

As observed by their 1H-NMR spectra, 1b–3b showed a characteristic peak at 5.01 ppm, 4.79 
ppm and 4.74 ppm respectively, corresponding to the CH2 protons of the NHCH2OH group obtained 
after reaction with formaldehyde. The formylation reaction was in any event, not complete and a 
mixture of both unmodified 1a–3a and their corresponding hydroxylmethyl derivatives 1b–3b was 
obtained. Chemical shifts of all protons were different in all cases although overlapping was observed 
in some cases. To estimate the percentage of formylation for AMP the area of the H-8 signal of 1a 
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Figure A1. Structure of mononucleotides 1a–4a and hydroxymethyl adducts 1b–3b.

Appendix A.3. HPLC Characterization of Hydroxymethyl-AMP, -CMP, -UMP and –GMP
The crude mixtures of hydroxymethyl-nucleotide were dissolved in phosphate bu↵er and injected in HPLC

as triplicate analysis (Figure A2).

FORMALIN FIXATION

THE BIOCHEMICAL BASIS OF IN SITU HYBRIDIZATION AND IMMUNOHISTOCHEMISTRY 3

49

The cells in formalin-fixed, paraffin-embedded tissues 
have two gatekeepers to the entry of reagents in and out 
of the cell:

1. Pore size.
2. A complex three-dimensional cage of ionic and 

hydrogen-bonding potential. To be complete, we 
should also add hydrophobic and hydrophilic poten-
tial to the forces of this three-dimensional cross-
linked protein cage that can affect the movement and 
retention of the reagents we use when we do in situ 
hybridization or immunohistochemistry.

This is the key point of the three-dimensional mac-
romolecule cross-linked network: the movement of the 
molecules we use with in situ hybridization (probes, anti-
bodies such as antidigoxigenin conjugate, proteins such 

as streptavidin conjugate, reporter enzymes) will all, by 
definition, be strongly influenced by the specifics of the 
pore size and how “active” the R chains of amino acids 
are in terms of their ionic or hydrogen potential.

Although we cannot actually look inside the cell dur-
ing in situ hybridization or immunohistochemistry and 
see which of these forces are predominating in any given 
experiment, we can do some simple experiments that 
can give us some important insight into these different 
biochemical-related aspects of in situ hybridization. It is 
my contention that a solid understanding and awareness 
of these key biochemical points will allow you to achieve 
success routinely with in situ hybridization or immuno-
histochemistry and, as a corollary, know how to adjust 
the experimental conditions when in situ hybridiza-
tion or immunohistochemistry does not work optimally. 

Many cross-links
Small pore size

AA=Amino acids

Relative pore size

Few cross-links
Large pore size

Relative pore size

AA=Amino acids
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B

Figure 3-5 Biochemical consequences of formalin !xation of cells relevant to in situ hybridization and immunohistochemistry: pore 
size. The concept of pore size is important in the living cell. For example, the protein albumin plays a key role in maintaining the blood 
volume because it is too large to pass through the pore sizes of the cells (called podocytes) that are the gatekeepers of molecular 
passage into the urine via the glomeruli. However, in a disease called the nephrotic syndrome, the pore size increases due to structural 
damage to the podocyte’s “foot processes,” and albumin pours out and is lost in the urine. Pore size, thus, is also important in the cells of 
formalin-!xed, paraf!n-embedded tissues. This graphic representation suggests that pore size around targets may decrease in size with 
prolonged formalin !xation, due to the greater number of cross-linked molecules per unit volume around the target of interest.
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di↵erent in all cases although overlapping was observed in some cases. To estimate the percentage of formylation
for AMP the area of the H-8 signal of 1a (8.45 ppm) and 1b (8.48 ppm) was correlated giving 66% in favor of 1b.
For GMP we referred to H-10 signal since they were well separated in the two compounds (5.75 ppm for 2a and
5.88 ppm for 2b) giving a conversion of 36% for compound 2b. For CMP we referred to the hydroxymethyl signal
of 3b and the H-10 signal which is the sum of both 3a and 3b giving a conversion of 50%. In the case of UMP no
signal appeared in the range 4.70–5.50 ppm indicating that no formylation occurred. To confirm, all the other
signals were not split as no hydroxymethyl derivative was formed. This is in accordance with the structure of
UMP which hasn’t got any amino group, while 1a–3a have an amino group in the heterocyclic ring which can
react with formaldehyde.
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with either the heterocyclic base or the deoxyribose
phosphate of N6-hydroxymethyl-dAMP. However,
the product fragmentation pattern in Figure 8, provided
by tandem mass spectrometry, revealed no anions with
the unmodified base, but two anions, 177.00 U and
195.01 U, derived from the unmodified deoxyribose
phosphate. Because the product is acid labile (Figure 5)

and its UV absorption maximum is at nearly the same
wavelength (264.4 nm) as that of N6-hydroxymethyl-
dAMP (264.8 nm, Rait et al., unpublished data), together
the observations are indicative of an N,O-mixed acyclic
acetal, specifically, N6-ethoxymethyl-dAMP (Bridson
et al. 1980; Fraenkel-Conrat and Singer 1988). In agree-
ment with this assignment, structures in Figure 8 specify

Figure 6 Putative structures and selected characteristics of compounds marked in Figure 5A by retention times. *Wavy lines denote bonds
whose scission leads to the fragmentation discussed in the text or shown in Figure 8. **The compound decomposes during desalting of the
corresponding chromatographic fractions.
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Postfixation Reactions of Adenine Nucleotide 305

Rait VK Volume 54(3): 301–310, 2006 Journal of Histochemistry & Cytochemistry



Formalin penetration rate/equilibrium
RNA and protein artifacts

# The formalin penetration rate does not correspond to
fixation, the formaldehyde-methylene glycol equilibrium shifts
towards formaldehyde raise the effective concentration of the active
molecule. CH2=O + H2O ⇄ OH-(CH2O)-H

# Molecules are modified by fixation in formalin with artifacts:
the formation of methylene bridges among different aminoacidic
residues, RNA hydrolysis and nucleic acids mechanical rupture is
due to molecule stiffening from crosslinking.

# Alterations are quantitatively related to time of fixation.

# Due to the thickness of tissues, alterations are not
uniform: from over-fixation in the outer part, to hypoxia in the
inner part of the tissue at the same time, alterations are complex.
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The 2′-OH allows the RNA molecule to be more easily degraded
via hydrolysis than DNA.
The phosphodiester bond in RNA can be broken during hydrolysis.
The N-glycosidic bond is stronger in RNA than DNA
The chemical process of hydrolysis, where the 2′-hydroxyl group
has attacked the adjacent phosphodiester bond, cleaving the
backbone of the RNA.
Fordyce et al; Investigative Genetics 2013

Fordyce et al; Investigative Genetics 2013

cation of protein enzymes. Recent findings indicate that
certain ribozymes and deoxyribozymes might use a combi-
nation of catalytic strategies that place an upper limit on
speed (Breaker et al. 2003). Meanwhile, other catalytic
RNAs and DNAs seem to use combinations of the four
possible catalytic strategies that would permit high-speed
RNA transesterification. In this report, we provide an over-
view of the reaction of RNA transesterification and the cata-
lytic strategies that are exploited by RNA-cleaving agents.
We use the kinetic behavior of ribozymes and deoxyribo-
zymes to draw general conclusions about biological catalysis
of this reaction. From this framework, we conclude that it is
possible to create nucleic acid enzymes that exhibit catalytic
rate enhancements that match those of their protein coun-
terparts.

RNA and DNA enzymes as model catalysts

Ribozymes and deoxyribozymes are well suited to serve as
model enzymes for studying the factors that are responsible
for biological catalysis. Novel ribozymes and deoxyribo-
zymes can be created by in vitro evolution (Breaker 1997;
Wilson and Szostak 1999), and nucleic acid enzymes with
diverse structural and functional characteristics typically
emerge from such efforts (Williams et al. 1995; Santoro and
Joyce 1997; Tang and Breaker 1997, 2000). As a result, we
have access to many distinct RNA-cleaving ribozymes and
deoxyribozymes, of which at least some are expected to be
simple in structure and function. In contrast, natural pro-
tein enzymes that cleave RNA have relatively complex struc-
tures and undoubtedly use multiple catalytic strategies that
are not easy to separate experimentally from one another.
Furthermore, methods for the preparation, manipulation,
and kinetic characterization of nucleic acid enzymes are well
established, and thus permit direct comparisons to be made
among numerous examples.

These factors have enabled us to examine the kinetic
characteristics of 14 distinct structural classes of ribozymes
and deoxyribozymes that catalyze RNA cleavage (Breaker et
al. 2003). The results of this study revealed that half of the
nucleic acid enzymes examined cannot exceed a rate con-
stant of ∼2 min−1. Interestingly, this “speed limit” corre-
sponds to a theoretical maximum value that can be attained
if the enzymes fully exploit only two of the four possible
catalytic strategies that could be used to accelerate internal
phosphoester transfer (Fig. 1; Breaker et al. 2003; see be-
low).

RNA transesterification as a reaction of interest

RNA molecules are integral participants in all the funda-
mental processes carried out by modern living systems. Al-
though its propensity for spontaneous cleavage by internal
phosphoester transfer is considered to be its greatest liabil-
ity, RNA is nevertheless capable of carrying genetic infor-
mation in the form of messenger RNAs and of performing
chemical reactions such as ribosome-mediated peptidyl
transfer. Despite this reputation of chemical instability, en-
zymes that cleave RNA must increase this instability by a
million-fold or more in order for enzymatic RNA cleavage
to occur on a time scale that is of relevance to biology (Li
and Breaker 1999; Breaker et al. 2003).

A detailed understanding of the chemical processes that
accelerate internal RNA transesterification would therefore
provide a scientific basis for understanding the inherent
instability of RNA, as well as offer insight into how enzymes
promote RNA processing reactions. Unfortunately, RNA
transesterification is not a simple chemical reaction. Both
the stability of phosphate esters and their chemical pliability
have been suggested as foremost reasons why a phosphate
ester has emerged as the backbone of choice for the mol-
ecules responsible for genetic information storage and
transfer (Westheimer 1987). Thus, it follows that in order
for RNAs to be processed as required by certain biological
undertakings, the chemistry of RNA transesterification
must offer multiple and powerful catalytic strategies for
enzymatic exploitation. Given the fundamental importance
of internal phosphoester transfer, and given the availability
of a diverse collection of ribozymes and deoxyribozymes
that catalyze RNA cleavage, we see this reaction as an ideal
system for further examination. The basic principles that we
advance in this report, however, should be applicable to the
study of other enzymes that catalyze different reactions.

Nonenzymatic phosphoester transfer to an RNA 2!
oxygen: Identifying the four catalytic strategies

The backbone of RNA (Fig. 1, structure 1) is cleaved when
a phosphoester bond is transferred to an adjacent 2" oxygen
(2) to form a strained 2",3"-cyclic phosphate compound (3)
and release a second product with a 5"-hydroxyl group (4).
This proceeds via an associative (SN2-like) mechanism in
contrast to the dissociative (SN1-like) mechanism of cleav-

FIGURE 1. Mechanism for RNA cleavage by internal phosphoester
transfer involving the 2"-hydroxyl group. The RNA linkage (1) passes
through a pentacoordinate species (2) that degrades into fragments
that carry either a 2",3"-cyclic phosphate terminus (3) or a 5"-hydroxyl
terminus (4). The four catalytic strategies that can influence the reac-
tion are identified as follows: !, in-line nucleophilic attack (blue); ",
neutralization of negative charge on a nonbridging phosphate oxygen
(purple); #, deprotonation of the 2"-hydroxyl group (red); and $,
neutralization of negative charge on the 5"-oxygen atom (green).

Emilsson et al.

908 RNA, Vol. 9, No. 8

RNAse A increases the rate of RNA cleavage by internal
phosphoester transfer



DNA degradation and Artifacts

Applied Cancer Research volume 39, Article number: 7 (2019)

DNA double helix (27 ). Furthermore, crosslinking of
DNA bases with nearby histones, a dominant form
of DNA damage in formaldehyde-exposed cells, results
in a conformational change of DNA (28 ). Thus,
formaldehyde-induced crosslinks of DNA reduce the sta-
bility of double-stranded DNA, resulting in a partial de-
naturation of DNA (27 ).

DNA FRAGMENTATION

Fragmentation, often extensive, is the common form of
DNA damage found in formalin-fixed tissues (5 ). Frag-
mentation of DNA in formalin-fixed tissues was shown
to be increased with longer storage time and lower pH of
formalin used in tissue fixation (29 ). Compared to DNA
from fresh formalin-fixed tissues, the PCR success rate of
DNA from older formalin-fixed tissues was shown to be
decreased (29 ), indicating that DNA fragmentation may
continuously occur during storage. Fragmentation dam-
age in FFPE DNA directly influences the amount of tem-
plates available for PCR amplification (30 ). Thus, the
same quantity of FFPE DNA from different samples may
contain significantly different amounts of amplifiable
templates, depending on the degree of fragmentation
damage (6 ).

ABASIC SITES

Formaldehyde is readily oxidized to formic acid in the
reaction with atmospheric oxygen. The formation of for-
mic acid reduces the pH of formalin. Formalin is thus
usually buffered to maintain a neutral pH level. The
N-glycosidic bonds of the purine bases to the sugar back-
bone are susceptible to hydrolysis at low pH (31 ), gener-
ating abasic sites in the DNA. Thus, fixation of tissues in
unbuffered formalin will significantly lower the amount
of amplifiable DNA templates (32 ).

The depurination rate of single-stranded DNA is 4
times higher than that of double-stranded DNA (33 ).
Purine bases at the terminals of DNA strands are more
readily depurinated than those located at internal posi-
tions (31 ). The aldehyde residue of abasic sites can gen-
erate an interstrand crosslink by reacting with the exocy-
clic amino group of a guanine base (34 ). Furthermore,
abasic sites in DNA strongly destabilize the double helix
(35 ), leading to local denaturation of the DNA. Because
the rate of DNA damage in single-stranded DNA is
higher than in double-stranded DNA, the DNA denatur-
ation, induced by formaldehyde, may promote further
DNA damage.

Abasic sites cause problems in sequence analysis.
DNA polymerases have generally low bypass efficiencies
at abasic sites (36 ), preventing amplification of DNA
templates with abasic sites (37 ). However, when DNA
polymerases read through abasic sites, sequence artifacts
can be generated. Adenines are preferentially incorpo-
rated opposite to abasic sites by many DNA polymerases,
but guanines or short deletions (1 to 3 bases) are also
incorporated to a lesser extent (36 ). As a result, various
types of artifactual single nucleotide variants (SNVs)
and deletions can arise from abasic sites. In addition,
abasic sites can undergo spontaneous cleavage through
the !-elimination reaction leading to breakage of
DNA strands (38 ).

DEAMINATION OF CYTOSINE BASES

Hydrolytic deamination of cytosine bases to uracil
takes place at an estimated rate of 70–200 events/day in
a living cell (39 ). In living cells, uracil lesions in DNA are
removed by uracil-DNA glycosylase (UDG). In the re-
sulting abasic site, the cytosine is then correctly restored
by base excision repair due to the guanine in the com-

Fig. 1. DNA damage present in formalin-fixed tissues.
DNA extracted from formalin-fixed tissues contains various types of damage. Formaldehyde, the main component of formalin, is highly
reactive with DNA bases and proteins, generating histone–DNA crosslinks (1), formaldehyde–DNA adducts (2), DNA–protein crosslinks (3), and
DNA–DNA crosslinks (4). Uracil (5) and thymine (6), which result from deamination of cytosine and 5-mC, respectively, are also present in FFPE
DNA. DNA bases are also lost, resulting in abasic sites (7), and DNA strands are broken, leading to fragmentation of DNA (8).
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Types of DNA Damages in FFPE tissues
ü Crosslinks with proteins or NA
ü Mono-methylol adducts
ü DNA fragmentation
ü Abasic Sites
ü Deamination of Cytosine bases

C→U ☞ C:G>T:A
5m-C →T ☞ C:G>T:A

dsDNA + UDG

Heat de-modification
during isolation

https://appliedcr.biomedcentral.com/
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QUALITY AND QUANTITY OF DEGRADED RNA

RNA degradation in FFPE is a cumulative effect:
-RNAses activity in pre- and during- fixation time
-hypoxia in the pre-analysis time
-fixation with mechanical rupture due to molecule stiffening from crosslinking
-alkaline pH procedures
-high temperatures: RNA is thermo-dynamically less stable than DNA because the
2'-OH group on the ribose ring promotes the hydrolytic reaction

Int. J. Mol. Sci. 2020, 21, 7540 9 of 22

In an overall comparison, only the intercepts resulted as being significantly di↵erent among
pre-analytical treatments (p < 0.0001, Table 6). This notwithstanding, in performing a Bonferroni
multiple comparison analysis, the BFPE slope was significantly di↵erent from the FFPE, RFPE and
Frozen ones (p = 0.03, p = 0.04 and p = 0.01, respectively). The FFPE and RFPE slopes were closer to the
slope of the fresh frozen sample (Table 6). Overall, the performance of RT-PCR resulted better in fixed
and para�n-embedded specimens in comparison to fixed ones.

Table 6. Results of the regression analysis for mt-CO1 amplification by RT-qPCR.

Frozen FF BF RF FFPE BFPE RFPE p 1

Slope 0.01 0.06 0.05 0.04 0.03 0.09 0.03 0.14
Y-intercept 15.08 15.50 28.14 13.20 14.04 17.50 14.40 <0.0001

R2 0.97 0.96 0.86 0.92 0.9
1 Results of the ANCOVA test. R2 values were not reported for BF and BFPE as the lines were generated by
two values.

2.5. Clinical Samples

The HPLC method was finally applied to routine clinical samples, including two BFPE high-grade
serous ovarian cancer samples (B1 and B2), 10 FFPE tissues of di↵erent cancer types and three RNAs
obtained from peripheral blood. Figure 7 shows examples of HPLC separation and the percentage of
each of the canonical NMP is reported in Table 7.

Int. J. Mol. Sci. 2020, 21, x FOR PEER REVIEW 11 of 25 

 

 
Figure 7. HPLC analysis of routine clinical samples: Chromatograms of (a) RNA from peripheral 
blood; (b) FFPE (ovarian cancer); (c) BFPE (ovarian cancer). Fixed and paraffin-embedded ovarian 
cancers display more complex patterns of digestion. 

Table 7. Results of HPLC analysis as area percentage of canonical NMPs and integrity of clinical 
samples. Samples’ age is reported in years. 

Sample Sample Age RIN CMP UMP GMP AMP TOT 
1—HGSOC B1 BFPE 11 1.7 19% 18% 35% 24% 96% 
2—HGSOC B2 BFPE 10 2.4 19% 17% 34% 24% 94% 

3—HGSOC FFPE 9 2.3 12% 15% 23% 18% 63% 
4—Breast 1 FFPE 30 2.4 16% 17% 31% 24% 88% 
5—Breast 2 FFPE 28 2.4 22% 17% 33% 25% 97% 
6—Colon 1 FFPE 20 N.A. 1 19% 16% 32% 22% 89% 
7—Colon 2 FFPE 18 2.0 22% 17% 33% 23% 95% 
8—Glioma FFPE 11 2.2 18% 15% 34% 25% 92% 

9—Melanoma FFPE 13 2.5 20% 16% 35% 24% 95% 
10—Pancreas FFPE 15 2.4 20% 14% 36% 19% 89% 
11—Prostate FFPE 18 2.3 19% 17% 35% 26% 97% 

12—Uterine cervix FFPE 28 2.2 6% 11% 10% 4% 31% 
13—Blood 1 Na2EDTA 0 9.1 20% 17% 33% 30% 100% 
14—Blood 2 Na2EDTA 0 8.8 20% 17% 33% 30% 100% 
15–Blood 3 Na2EDTA 0 8.6 20% 18% 33% 29% 100% 

Standard RNA Solution - 9.7 22% 17% 34% 27% 100% 
1 N.A. not assessable. 

2.6. RNA Quantification and Integrity of Clinical Samples 

The integrity of RNA extracts was investigated by the Agilent 2100 Bioanalyzer (Agilent 
Technologies; Santa Clara, CA, USA) recording the RIN number and quantifying the different RNA 
fragments. Gel-like images of the BioAnalayzer runs are available in the Supplementary Materials. 
Mean RIN number of fixed samples was 2.2 and the colon cancer 1 sample had non-assessable RIN 
value (Table 7). 

In all fixed samples, the most representative fractions were related to fragments of 60–299 
nucleotides as reported in Figure 8. In Bouin’s fixed and embedded samples (1–2) the 60–149 

Figure 7. HPLC analysis of routine clinical samples: Chromatograms of (a) RNA from peripheral
blood; (b) FFPE (ovarian cancer); (c) BFPE (ovarian cancer). Fixed and para�n-embedded ovarian
cancers display more complex patterns of digestion.
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PROTEINS in FFPE

Formalin fixation NON SELECTIVE

CHANGES IN THE 3D 
CONFORMATION OF 
PROTEINS

DECREMENT IN 
IMMUNOREACTIVITY ANTIGEN RETRIEVAL

Am J Clin Pathol 2004;121:190-199 190 
DOI: 10.1309/BRN7CTX1E84NWWPL 

Zinc finger C4H2 protein in human smooth muscle tissue. Expected membranous staining. 
https://blog.atlasantibodies.com/how-to-succeed-with-your-ihc-antigen-retrieval

https://blog.atlasantibodies.com/how-to-succeed-with-your-ihc-antigen-retrieval


vControlled fixation time

vCold fixation (longer fixation at low T)

Bussolati G et al. PLOS ONE 2011

# Protein and RNA degradation would be inhibited by maintaining low
temperature throughout the fixation process.

Chafin D et al PLOS OONE 2013

IS IT POSSIBLE TO IMPROVE FORMALIN 
FIXATION?



Outside the pathology lab Inside the pathology lab

Surgery Hospital 
Organization

Pathology
Department

3. Grossing

4. Fixation

5. Embedding

6. Archive

1. Warm Ischemia 2. Transport

Seconds to hours

Hours to days

Hours to days 

Months to decades

# The inner poorly fixed hypoxic areas can also be affected by
inclusion procedures:
-alcohol treatment coagulates the proteins
-inclusion temperatures can affect more sensitive antigens and RNA
# During processing, the tissue sample is dehydrated and water is
replaced with paraffin wax. It is essential to replace water completely,
since residual water leads to tissue degradation during storage.
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IHC (AQP1) in FFPE tissue sections with 3 months storage 

Modified from Xie et al, J Histochem Cytochem 59:356–365, 2011

Storage Effect 

#Storage time may influence the retrieval of antigens and quality of RNA (Balgley,
B. (2009) Journal of Proteome Research, 8, 917–925)

#While histology is not affected by storage, protein and RNA degradation may
increase with increasing storage time, especially for long time
(Wolff, C.. (2011) PloS One Journal, 6, e16353.)

#Storage conditions, such as humidity and temperature, can have an impact on
protein and RNA amounts and quality
(Thompson, S (2013). Proteomics - Clinical Applications, 7, 241–51

Groelz D et  al PLoS One. 2018; 13(9): e0203608

Groelz D et  al PLoS One. 2018; 13(9): e0203608

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6128582/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6128582/


!!! FFPE Tissues are submitted to additional  steps that alter the biomolecules’ structure 
and promote their degradation

CEN documents and ISO standards help 
to define higher level of standardization in 
tissue processing for NA and proteins in 
clinical tissues

Reversal of formaldehyde adducts is 
possible by antigen retrieval for proteins 
and heat de-modification for NA

SOPs mandatory and dedicated to FFPE material (e.g. short amplicons, more HSK genes 
analysis, …………)

Bio-molecules (NA and proteins) degrade in FFPE blocks during storage⟹ re-evaluate 
HKG for subsequent analyses and/or store aliquots of NA and proteins, alternative storage 
conditions



ü recognition and rejection of ‘not fit for purpose’ samples on the basis of 

detailed sample metadata, and 

ü identification of methods that contribute to irreproducibility which can be 

adapted or replaced. 

THE QUALITY OF THE SAMPLE

Standardized methods and quality assurance documentation can be used as
tools for: 


