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2.1 � Introduction and Purpose

Histopathological analysis (i.e., microscopical exam-
ination of tissue sections leading to related inter
pretation and diagnosis) on formalin-fixed and 
paraffin-embedded (FFPE) specimens is the goal of 
routine diagnostic histopathology. Owing to the 
recent advances in molecular approaches, however, 
this clinical material has also become a precious 
source of macromolecules for genomics and pro-
teomics studies.

Before being analyzed, human tissues are submit-
ted to a series of essential treatments that can directly 
affect their use in downstream molecular applications. 
All such procedures fall under the designation of “pre-
analytical treatment.” Basically, we should consider 
the following steps:

•	 Surgical removal of tissue
•	 Grossing (in the pathology lab)
•	 Fixation, to be followed by paraffin embedding, or
•	 Freezing, to be followed by tissue banking

While grossing, paraffin embedding, freezing, and tis-
sue banking are well defined in the literature, our aim 
is to reach a standardized definition of the time interval 
between surgical removal and tissue grossing and fixa-
tion, keeping in mind that the ultimate goal is to obtain 
an optimal preservation of morphological structure, 
nucleic acids, and proteins.

Preanalytical treatment of tissues is one of the 
most variable and debated questions in molecular 
analysis. Information about the time between abla-
tion of tissues and tissue fixation or the time and the 
temperature of fixation procedures is hardly ever 
available. On the other hand, early fixation of the 
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tissues can be considered a good possibility to stan-
dardize the tissue treatment.

Recent studies give contradictory results about the 
relevance of temperature and time in the preanalyti-
cal treatment of tissues and these conditions are far 
from being clearly determined. The major problem is 
related to the hypoxic conditions of the tissues, which 
could occur in surgical specimens when the blood 
vessels are closed during the surgical treatment, even 
before tissue ablation. Conventionally, thirty minutes 
are considered the limit for a conservative treatment 
of the tissues [1], before fixation or freezing. However, 
it is difficult to accept that this time is not related to 
gene expression changes. Small modifications of 
gene expression have already been reported 5  min 
following the excision of the tissues [2], as a result of 
hypoxic conditions, but the alterations are not similar 
for all genes [3]. So early fixation is suggested, as it 
happens in small biopsies for which the clinical pro-
cedures are almost optimal. In larger surgical speci-
mens, other variables, such as the hypoxia effect 
during the surgical intervention, the size of the tis-
sues, the speed of fixative penetration, and the time 
for reduction of tissues to small fragments for the his-
tological examination, have to be considered. This is 
still an open question that needs further studies and 
standardization.

The policy planned and experienced in our labo-
ratory is that Phosphate-buffered Formalin (PBF) 
should be employed on tissue specimens after gross-
ing and for a limited time (from 5 h, for relatively 
small specimens, up to 24 h, for large specimens). 
The reason for this policy is linked to observations 
of the uneven results of nucleic acid extraction and 
protein analysis of paraffin-embedded tissues (PET) 
fixed for long times in formalin [4, 5].The length of 
fixation in PBF influences the quality of RNA, which 
is found to be better in tissues fixed for 12–24  h, 
while longer fixation progressively decreases the 
quality of biomolecules [6, 7]. In addition, an opti-
mal preservation of determinants predicting drug 
responsiveness in breast cancer is now regarded as 
mandatory and requires a formalin fixation not 
exceeding 48 h [8, 9].

Formalin fixation often starts in the surgical theater, 
where large specimens are immersed in PBF for trans-
fer to the Pathology Laboratory. This procedure has 
drawbacks, since the degree of fixation of superficial 

and internal areas will be different. In addition, surgical 
nurses dislike handling this toxic, potentially cancero-
genic fluid [10].

We consider that in order to achieve the goal of 
standardizing fixation times, grossing has to be done 
on fresh tissues and that, in order to assure a uni-
form fixation, this has to be done on 3–4 mm thick 
tissue slices in cassettes and for strictly definite 
times: for a minimum of 5 h for small specimens and 
for an average of 24  h (maximum 48  h) for large 
specimens.

Among the preanalytical variables associated with 
tissue harvesting and processing, the most critical 
one is the transfer of tissues from the surgical theater 
to the Pathology Laboratory. In our opinion, time and 
conditions of transfer need to be controlled, as a pre-
requisite to standardize fixation.

In our hospital (a large regional and University 
Hospital), tissue specimens to be transferred from the 
surgical theaters to the grossing room in the Pathology 
department are not immersed in formalin any more, 
but instead processed under vacuum (U.V.) [11]. This 
alternative procedure has further advantages, as tis-
sue banking, cell cultures, and gene expression profil-
ing are still feasible in U.V.-preserved tissues.

Upon the specific request of the surgical theatre per-
sonnel, the U.V. policy has been adopted in the whole 
hospital, which is presently considered as formalin-
free as small specimens are treated in prefilled vessels, 
while large blocks are transferred U.V. in plastic bags 
(formalin is used in the Pathology Laboratory, but 
under proper hoods).

No detrimental effect, either on the morphological 
patterns or on the immunohistochemical features or 
gene expression profiling, was observed for tissues 
kept U.V. at 4°C over the weekend (up to 72 h).

In conclusion, it is practicable and feasible to start 
standardizing the length of fixation in PBF, a first step 
for a complete standardization of preanalytical vari-
ables. As a result, we shall achieve a more reliable 
evaluation of antigenic and genetic parameters, which 
nowadays represents a mandatory requirement in his-
topathological diagnoses.

In the following section, the detailed description of 
the technical problems connected with the preanalytical 
time interval (PATI) and with the formalin fixation step 
is presented. In the context of fixation, the use of fixa-
tives alternative to formalin is reported.
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2.2 � Preanalytical Time Interval  
(PATI)

The PATI can be divided into Interval I and Interval II.

2.2.1 � Interval I: From the Body to the 
Surgical Table (Temperature 37°C 
or More)

This interval is also called “warm ischemia time.”  
It depends on:

Type of operation•	
Modality of intervention•	
Ability of the surgeon•	

Time between ligation of arteries and removal:
Time negligible for:

Brain•	
Breast•	
Liver•	
Lymph nodes•	
Skin•	

Time from a minimum of 30 min to 1 h for:

Stomach•	
Colon•	
Lung•	
Pancreas•	
Thyroid•	

Effects:

Tissues are kept in hypoxic conditions at 37°C for •	
variable time.
Remarkable loss of RNA and antigen degradation if •	
the time is longer than a few minutes [12, 13].
If elimination of blood from ablated tissue is not •	
immediate and complete, the hemoglobin coming 
from rapid tissue hemolysis can inhibit the down-
stream RT-PCR procedure.

Additional Caveats:

Areas near heath cutting•	
Treatment with Lugol solution (used for detecting •	
the presence of starch in the cells)

2.2.2 � Interval II: From the Surgical 
Table to the Pathology Lab

The options can be:

1.	 Tissues left fresh
2.	 Tissues immersed in formalin
3.	 Tissues preserved under vacuum

2.2.2.1 � Tissues Left Fresh

Temperature: Room Temperature (about 20°C).
In some realities, tissues (free in a vessel or in a 

bag) are transferred to the grossing room. After gross-
ing, tissue specimens can be either stored at −80°C for 
frozen-section histology or fixed in a fixation solution 
(see Sect. 2.4 and Chap. 3).

Time interval between the surgical table and the •	
pathology lab: relatively short, but depends on the 
internal organization of the hospital.
Time in pathology lab before grossing: variable, •	
from a few minutes up to several hours. Optimal: 
30 min.
Up to 4  h in most Pathology labs, according to •	
Grizzle [14].

Dangers:
Effect of delay on:

Structure•	
Proteins (antigens)•	
Nucleic acids•	

Merits:

No Fixation (material available for fresh banking)

Drawbacks:

Drying of tissues (Even those left in the refrigerator)•	
Loss of antigens and RNA related to the time spent •	
at room temperature before grossing

�Fresh Tissues Immersed in Stabilization Solutions

A possible option is the use of new tissue stabiliza-
tion solutions in order to specifically recover intact 
RNA from fresh frozen tissue specimens. One of the 
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most commonly used reagents of this type is RNAlater 
(Applied Biosystems). It rapidly permeates tissues 
and inactivates RNases by precipitation, which elimi-
nates the need to immediately freeze or formalin fix 
tissues after their removal. It is a practical solution 
because, after resection, the sample can be left in 
RNAlater solution for at least 1 week at room tem-
perature, 8  weeks at 4°C, or indefinitely at −20°C, 
theoretically without compromising RNA integrity. 
Tissue in RNAlater can be subsequently processed 
as a fresh frozen sample for downstream molecular 
analysis. RNA purification can be performed, for 
example, by the standard TRIzol-based protocol (see 
product details at http://www.ambion.com/techlib/
prot/bp_7020.pdf).

However, contrasting opinions have risen about 
its effective conservative properties on tissue archi-
tecture and macromolecule integrity. Some studies 
indicate that tissue samples stored in RNAlater and 
conventionally processed for histology have excel-
lent morphology and immunohistochemical stain 
[15]. Others observed uneven results and decreased 
reactivity using different antibodies [16]. Some 
studies reported that results of RNA analysis in 
RNAlater-treated samples are comparable to those 
obtained in fresh frozen tissues [15, 17]. Others sug-
gest that freezing should still be preferred over 
RNAlater treatment [18]. Recently, RNAlater has 
been compared to standard tissue fixatives [16]. 
RNAlater has also been tested as a pretreatment 
solution before alcohol-based tissue fixation, but at 
present the introduction of this prefixation step 
affects RNA quality [19].

2.2.2.2 � Tissues Immersed in Formalin

Variables:

Temperature: room temperature (generally).•	
Time interval: variable from a few minutes up to •	
days but it depends on the internal organization of 
the hospital.
Formalin: penetration is initially fast (1 mm/h), but •	
then becomes much slower (1 cm/24 h). This is fol-
lowed by fixation (slow) reaching subtotal binding 
plateau at 24 h [20, 21].
Fixation time: should be at least 6–8 h for 3 mm •	
thick specimens [8, 22]. This is also applicable to 
fixation before and after grossing.

Merits:
In small blocks, formaldehyde rapidly affects  

structure, antigens, and nucleic acids (preservation/
denaturation).

Drawbacks (in large specimens):

Degradation continues in deep areas (not reached •	
by the fixative)
Frozen tissue banking is hampered•	
Formalin containing vessels are heavy to carry•	
Spilling of formalin may occur•	
Fumes are dispersed while grossing•	
Nurses refuse to handle this “carcinogen” in the •	
surgical theater (without hoods)
Tissue is forgotten by the surgeon because it is •	
“already safe in formalin”

2.2.2.3 � Tissues Preserved Under Vacuum

Temperature: 0–4°C.
Time interval between the surgical table and the pathology 
lab: up to days.

Preservation under vacuum (U.V.) is easy to handle 
(inside the surgical theater). Tissues are immersed (pack-
aged) in a plastic bag (with identification label), then 
into the U.V. machine (relatively small, semiprofes-
sional). In a matter of seconds, the tissue is U.V.

The bag is left in the fridge, then transferred to the 
pathology lab inside a plastic container (with icing 
devices) [11]. After grossing, the tissue specimens can 
be easily processed as fresh tissues or immersed in 
fixation solutions (see Sect. 2.4 and Chap. 3).

Merits:

No more formalin in the surgical theater (except for •	
small specimens, where prefilled tubes are employed)
No spilling•	
No fumes•	
No drying of tissues•	
Colors preserved•	
Lack of insulating air around tissues allows fast •	
cooling
Tissues (bags) light and easy to carry•	
Structure (DNA, RNA, Antigens) preserved up to •	
days
Banking (selective) allowed•	
Demonstration of operated tissues is convincing for •	
students and surgeons
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2.2.3 � Consequences of PATI on Gene 
Expression Levels

PATI variably affects the expression profile both at the 
mRNA and the protein level [2]. These expression altera-
tions represent a biological response to the detrimental 
effects of PATI rather than to the pathological condition.

Evaluation of ischemia effects on differential gene 
expression is currently focused on the detection of 
genes that are up-regulated. This strategy is pursued 
because gene down-regulation could be incorrect due 
to an artifact of RNA degradation (caused, for exam-
ple, by a prolonged warm ischemia time) rather than to 
the cell response to tissue injury.

Several studies have reported that overexpression 
changes are time and tissue dependent (Table 2.1). 
Significant changes have been found not only in hypoxia-
related genes (HIF-1a, c-fos, HO-1), but also in cytoskel-
etal genes (i.e., CK20) and in tumor-associated antigens 
(i.e., CEA).

Therefore specific precautions should be taken 
when gene expression studies are performed on target 
genes that could be affected by a physiological reac-
tion of the cell to a decrease in oxygen availability.

2.3 � Fixation

Fixation is required for the preservation of the tissue 
specimens that will be submitted for histopathological 
examination. Currently, formalin is the most commonly 
used fixative in tissue processing because it ensures an 
optimal preservation of tissue morphology, although 
other fixatives are specifically used in some pathology 
departments in Europe (i.e., Bouin’s solution [25]).

The quality of nucleic acids obtained from formalin-
fixed and paraffin-embedded (FFPE) tissues varies enor-
mously among laboratories. In some cases, but not in all, 
it is possible to extract well-preserved nucleic acids even 
from very old paraffin blocks [26]. Several fixation-
related variables can affect the recovery of macromole-
cules. The failure of their optimization may result in 
underfixation or overfixation of the tissue, with a conse-
quent high variability of the downstream results.

Fixation effects on macromolecule recovery depend 
on several elements:

The •	 time of fixation is not standardized. During the 
week, the histopathology lab procedures are quite 
standardized, but any variation can double the time 
of fixation and this fact is not usually reported any-
where. This can happen with the samples collected 
just before the weekend, or any holiday.
The speed of fixative penetration is affected by the •	
type and thickness of tissue. There is large diversity 
in the size of surgical specimens. Needle biopsy 
specimens are small (about 1.5 mm in diameter and 
20 mm in length) and fix rapidly compared to larger 
tissue samples, while excisional specimens are 1 cm 
in diameter or more [7].
The •	 volume of fixative can vary widely during the 
handling of surgical specimens. Since the minimum 
formalin:tissue ratio is 10:1, the volume of fixative 
represents a problem for large surgical specimens, 
especially those weighing more than 100  g [7]. 
Optimally, small sections should be obtained from 
the fresh specimen as soon as possible and allowed to 
fix after dissection.
The effect of the •	 type of fixative solutions on tissues 
is well known, especially for formalin [27] and 
Bouin’s solution [25]. Concerning RNA, for exam-
ple, variable levels of mRNA degradation can be 
obtained depending on the fixative. Similarly, selec-
tive RNA component (mRNA or rRNA) degradation 
can be observed [28].

Gene Tissue Time threshold for 
overexpression detection

HIF1 alpha [2] Colon 8–10 min

c-fos [2] Colon 8–10 min

HO-1 [2] Colon No increase within 30 min

CK20 [2] Colon 25–30 min

CEA [2] Colon 10 min

EGR1 [23, 24] Prostate Within 1 h

Jun-B [23, 24] Prostate Within 1 h

Jun-D [23] Prostate Within 1 h

ATF3 [23] Prostate Within 1 h

PIM-1 [24] Prostate Within 1 h

p21 [24] Prostate Within 1 h

Krt-17 [24] Prostate Within 1 h

DUSP [24] Prostate Within 1 h

S100P [24] Prostate Within 1 h

TNFRSF [24] Prostate Within 1 h

WFDC2 [24] Prostate Within 1 h

TRIM29 [24] Prostate Within 1 h

Table 2.1  List of genes that are significantly overexpressed in 
different tissues injured by PATI
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Several molecular methods can be used to estimate 
the levels of quality and quantity of macromolecules 
extracted from fixed tissue specimens. They are 
described in detail in Chap. 17.

Several alternative fixation procedures have been 
proposed, with the aim of improving the preservation 
of nucleic acids and proteins, as compared to formalin 
fixation [29, 30]. In general, alcohol-based fixatives 
such as methacarn [31] or a combination of alcoholic 
fixatives and microwave treatment [28, 32] reach the 
important goal of an improved preservation of nucleic 
acid integrity, face to a good compromise of morpho-
logical preservation.

2.4 � Tissue Processing

Tissue processing is the stepwise replacement of fixa-
tive with alcohol (dehydration) followed by the clear-
ing step, which replaces the alcohol with an organic 
solvent, usually xylene. This process is fundamental 
for paraffin embedding and is usually performed auto-
matically. Parameters affecting this process include 
time, temperature, and the presence of vacuum [6]. It 
has already been reported that tissue processing can 
affect the recovery of nucleic acids from FFPE; longer 
tissue processing times seem to result in better quality 
RNA [6]. In the absence of an exhaustive dehydration 
process, residual water could be trapped in the tissue 
with the subsequent RNA hydrolysis [6].
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