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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria neededfof
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Molecular in vitro diagnostics, including molecular pathology, has enabled a significant progress in
medicine. Further progress is expected with new technologies analyzing nucleic acids, proteins, and
metabolites in human tissues and body fluids. However, the profiles and/or integrity of these molecules
can change drastically during specimen collection, transport, storage, and processing, thus making
the outcome from diagnostics or research unreliable or even impossible because the subsequent
examination assay will not determine the situation in the patient but an artificial molecular pattern
generated during the pre-examination process.

Although originally thought as being impossible due to the crosslinking activities of fgrmaldehyde,
profein isolation techniques from formalin-fixed and paraffin-embedded (FFPE) tissties|have been
mug¢h improved in recent years. Heat-induced reversal of formaldehyde-induced crosslinkls has been
denponstrated as an essential step in the protein isolation procedures[31[6]. Currentlyy most inpestigators
accept that proteins isolated from FFPE tissue are suitable for downstream protéomic examjnationlZ].

Protein profiles, protein integrities, and protein-protein interactions in tissues can change|drastically
befgre, during and after collection (due to, e.g. gene induction, gene down regulatign, protein
degradation). Protein species amounts can change differently in different donors’/patients’ tissues.
Theg expression of genes can be influenced by the given treatment erifitervention (surgery,|biopsy), or
drujgs administered for anaesthesia or even treatment of concomitant disease as well as by the different
envliironmental conditions after the tissue removal from the body,

Furthermore, the formalin-fixation and paraffin-embedding processes lead to modificatlons of the
profein molecules, which can impact the validity and reliability of the examination test results.

Therefore, it is essential to take special measures:to*minimize the described protein profile changes
and modifications within tissues for subsequent examination.

A sffandardization of the entire process from specimen collection to the protein examination] is needed.
Stuglies have been undertaken to determine the important influencing factors. This document draws
n such work to codify and standardjze-the steps for FFPE tissue with regard to protein examination
in what is referred to as the pre-examination phase.

In this document, the following verbal forms are used:
— |"shall" indicates a requirement;

— |"should" indicatesca-recommendation;

— |"may" indicates,a’permission;

— |"can" indigates a possibility or a capability.

© ISO 2018 - All rights reserved v
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Molecular in vitro diagnostic examinations —
Specifications for pre-examinations processes for
formalin-fixed and paraffin-embedded (FFPE) tissue —

Part 2:

Isplated proteins

1 [Scope

Thif document gives guidelines on the handling, documentation, storage and processing of formalin-
fixed and paraffin-embedded (FFPE) tissue specimens intended for the examiination of isolat
during the pre-examination phase before a molecular assay is performed:
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document is applicable to molecular in vitro diagnostic examinations including

bd proteins

laboratory

loped tests performed by medical laboratories and molecular pathology laboratorie§. It is also
intgnded to be used by laboratory customers, in vitro diagnestics developers and man

anks, institutions and commercial organizations performing biomedical research, and
porities.

5 document is not applicable for protein examination by immunohistochemistry.

E International, national or regional regulations or requirements can also apply to sp
red in this document.

Normative references

following documents are referred to in the text in such a way that some or all of th

ated references, the latest'edition of the referenced document (including any amendmen
15189:2012, Medicaldaboratories — Requirements for quality and competence

15190, Medical laberatories — Requirements for safety

[EC 17020:2012, Conformity assessment — Requirements for the operation of various typ

forming inspéection

Terms and definitions

pfacturers,
regulatory

ecific topics

Pir content

stitutes requirements of this.document. For dated references, only the edition cited gpplies. For

[s) applies.

bs of bodies

For the purposes of this document, the terms and definitions given in ISO 15189 and the following apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

3.1

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

aliquot
portion of a larger amount of homogeneous material, assumed to be taken with negligible sampling error

Note 1 to entry: The term is usually applied to fluids. Tissues are heterogeneous and therefore cannot be
aliquoted.
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Note 2 to entry: The definition is derived from References [28], [29], and [30].

3.2

ambient temperature
unregulated temperature of the surrounding air

3.3
analyte

component represented in the name of a measurable quantity

[SOURCE: 1

S0 17511:2003, 3.2 — EXAMPLE has been removed.]

3.4
analytical
accuracy, p

test performance
recision, and sensitivity of a test to measure the analyte (3.3) of interest

Note 1 to enftry: Other test performance characteristics such as robustness, repeatability can apply as well.

3.5
cold ische
condition 4

3.6

diagnosis
identificati
can involve
distinct catf

3.7

examinati
analytical
set of oper

Note 1 to e
chemical m

[SOURCE: I
been added

3.8
formalin
saturated
(correspon

3.9
formalin f
treatment

mia
fter removal of the tissue from the body until stabilization or fixatien

on of a health or disease state from its signs and/or sympgtoms, where the diagnostic pro
examinations (3.7) and tests for classification of an individual's condition into separate
egories or subclasses that allow medical decisions abgut treatment and prognosis to be m

n
test
htions having the object of determining the value or characteristics of a property

htry: Processes that start with the isolated analyte and include all kinds of parameter testin
nipulation for quantitative or qualitative examination.

SO 15189:2012, 3.7, modified—"Notes to entry 1 to 3 have been removed, Note 1 to entry
| and “analytical test” has(been added as a preferred term.]

ding to 40 %byvolume)

ixation
pf asample with standard buffered formalin solution (3.21) for stabilization

Fess
and
ade

lg or

has

aqueous formaldehyde solution which at 100 % contains 37 % formaldehyde by njass

3.10
grossing

gross examination
inspection of pathology specimens with the bare eye to obtain diagnostic information, while being
processed for further microscopic examination

3.11

paraffin embedding
process in which a tissue sample (3.19) is placed in paraffin to achieve a hard surrounding matrix so
that thin microscopic sections can be cut

© ISO 2018 - All rights reserved
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3.12

pre-examination process
pre-analytical phase
pre-analytical workflow

process that starts, in chronological order, from the clinician’s request and includes the examination
request, preparation and identification of the patient, collection of the primary sample(s), transportation
to and within the medical or pathology laboratory, isolation of analytes, and ends when the analytical

examination begins

Note 1 to entry: The pre-examination phase includes preparative processes, e.g. protein isolation
which influence the outcome of the intended examination.

procedures,

[SOPRCE: ISO 15189:2012, 3.15, modified — “pre-analytical workflow” has been added’as

tertn, Note 1 to entry has been added and the definition has been extended.]
3.1
primary sample

W preferred

analysis of

e of amino

measured

nance two-

Activity on

room temperature
for the purposes of this document, temperature in the range of 18 °C to 25 °C

Note 1 to entry: Local or national regulations can have different definitions.

3.19
sample
one or more parts taken from a primary sample (3.13)

[SOURCE: ISO 15189:2012, 3.24, modified — EXAMPLE has been removed.]
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3.20

stability

ability of a sample material, when stored under specified conditions, to maintain a stated property
value within specified limits for a specified period of time

Note 1 to entry: The analyte for the purpose of this document is isolated protein.

[SOURCE: ISO Guide 30:2015, 2.1.15, modified — “reference material” has been replaced by “sample
material”, “characteristic” has been replaced by “ability” and Note 1 to entry has been changed.]

3.21

standard buffered formalin solution
neutral byffered formalin

NBF
10 % formqlin (3.8) solution in water with a mass fraction of 3,7 % (corresponding to a volumeé fraction
of 4 %) formaldehyde, buffered to pH 6,8 to pH 7,2

Note 1 to ¢ntry: Standard buffered formalin solutions often contain small amounts of~methanol to inhibit
oxidation and polymerization of formaldehyde.

3.22

storage
prolonged [interruption of the pre-analytical workflow (3.12) of a sample or analyte respectively, dr of
their deriviatives, such as stained sections or tissue blocks, under appropriate conditions in ordefr to
preserve tleir properties

Note 1 to enftry: Long-term storage typically occurs in laboratory archives or in biobanks.

3.23
tissue progessor
automated|instrument where tissue fixation, dehydration, clearing and paraffin infiltration occurs

3.24

validation
confirmatipn, throughout the provision df pbjective evidence, that the requirements for a spegific
intended upe or application have been fulfilled

Note 1 to enftry: “Validated” is used to,designate the corresponding status.
[SOURCE: SO 9000:2015, 3.8.13, modified — Notes to entry 1 and 3 have been removed.]

3.25
warm isclemia
condition Qefore the tissue is removed from the body, but where it is deprived of its normal blood supply

3.26
workflow
series of adtivities necessary to complete a task

3.27
homogeneous
uniform in structure and composition

4 General considerations

For general statements on medical laboratory quality management systems and in particular on
specimen collection, reception, and handling (including avoidance of cross contaminations) see
ISO 15189:2012, 4.2, 5.4.4, 5.4.6 or ISO/IEC 17020:2012, Clause 8 and 7.2. The requirements on
laboratory equipment, reagents, and consumables in accordance with ISO 15189:2012, 5.3 shall be
followed; ISO 15189:2012, 5.5.1.2 and 5.5.1.3, and ISO/IEC 17020:2012, 6.2 can also apply.

4 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=ad0f317d6fe3a1389f580747f0ea3456

IS0 20166-2:2018(E)

All steps of a diagnostic workflow can influence the final analytical test result. Thus, the entire
workflow including biomolecule stability and sample storage conditions shall be verified and validated.
Workflow steps which cannot always be controlled (e.g. warm ischemia) shall be documented. A risk
assessment of non-controllable workflow steps including their potential impact on the analytical test
performance shall be performed and mitigation measures shall be established to enable the required

ana

lytical test performance.

The stability of the specific protein(s) of interest and their post-translational modifications (if important
for the assay) should be investigated throughout the complete pre-examination process prior to the
development and implementation of an examination test (e.g. by performing a time course experiment

or study; see also Annex A and Reference [9])

Befpre tissues are fixed in standard buffered formalin solution, protein amounts, conformi
bingling status can change, e.g. by protein degradation and altered synthesis following gene
gene down regulation, RNA degradation, and changes of the biochemical pathway)and ene
These effects depend on the duration of warm and cold ischemia and the ambjent temperaf
formalin fixation. In addition, the described effects can vary in different donors’/patients’ tis

Generally, the longer the durations of warm and cold ischemia and the highet the ambient te

bef

NO7]
pho
wel
the
dise

As
pos
con
for
alsd

In 4
sto]
pro

of npolecular analytical tests. Analytical test optimization for FFPE tissues or the use of non-c

altd
exa

Safé
ISO

Dur
bet

appjropriate cleaning procedures between processing of different specimens/samples.

re fixation of the tissue specimen, the higher is the risk that changes-in' the protein profilg

E Prolonged cold ischemia results in changes of protein (e.g. cytokeratin 18) and phospho
kpho-p42/44) amounts[2l[10]. Keeping the specimen on wet-ice difvinishes this effect[11]. Protein|
as the protein modifications can also vary, depending on the origin and type of tissue, the underly
surgical procedure, the drug regime, and drugs administered. for anaesthesia or treatment of
ase, and on the different environmental conditions after thetissue removal from the body.

lvarm ischemia cannot be easily standardized,.its’duration shall be documented. Wh
Kible to avoid cold ischemia, its duration shall be documented and the temperatures of th
fainer's surroundings shall be documented Where the specimen is transported to anot

be documented.

ddition, the formalin fixation itself/as well as the subsequent FFPE tissue storage du
age temperature causes modificdtions of biomolecules and leads to suboptimal perf
Lein isolated from FFPE tissuesl12]. This should be considered in the quality control and

rnatives to standard baffered formalin solution are options to minimize this issue foy
minations.
15189:2012,5.2:3 and 5.4.5, and 1SO 15190.

ing the whole pre-examination process precautions shall be taken to avoid cross con
veen (ifferent specimens/samples, e.g. by using single-use material whenever {

ations and
induction,
rgy status.
ure before
sues.

mperature
P can occur.

protein (e.g.
amounts as
ing disease,
oncomitant

b it is not
P specimen
her facility

formalin fixation, the transport duration-shall be documented and the ambient conditions should

ration and
rmance of
hpplication
rosslinking
molecular

ty instructionscmntransport and handling shall be considered and followed in accorlance with

famination
easible or

Ifa

ommercial nroductisnotusedin accordance with the manufacturers' instructions re
r T

for its use and performance lies with the user.

5

5.1

5.1.

Outside the laboratory

Specimen collection

1 General

ponsibility

For the collection of the specimen, the requirements (e.g. disease condition, specimen size) for the
intended molecular examination (see also Clause 6) should be considered.

See

also ISO 15189:2012, 5.4.4.
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5.1.2 Information about the specimen donor/patient

The documentation shall include the ID of the specimen donor/patient, which can be in the form of a code.

The documentation should include, but is not limited to:

a)

b)

<)

5.1.3 Information about the specimen

The documjentation shall include, but is not limited to:

a)

b)

c)

d)

The docun]entation should also include the ID of the'responsible person for collecting the specimen

5.1.4 Sppcimen processing

The follow|ng steps shall be performed:

a)

b)

d)

the relevant health status of the specimen donor/patient [e.g. healthy, disease type, concomitant
disease, demographics (e.g. age and gender)];

the information about routine medical treatment and special treatment prior to tissue collection
(e.g. anaesthetics, medications, surgical or diagnostic procedures);

the appropriate consent from the specimen donor/patient.

the stgrt of ischemia within the body (warm ischemia) by documentation of the“ischemia-releyant
vessel ligation/clamping time point (usually arterial clamping time);

the time and date when tissue is removed from the body and the method of removal (e.g. cpre-
needle biopsy, resection, biopsy device used for the collection);

the description of tissue type and origin, tissue condition (e.g. diseased, unaffected by the disedse),
including references to any marking applied in or outside the.operating theatre made by surgg¢on,
radiolggist or pathologist;

the dofumentation steps described under 6.2, if the formalin fixation starts outside the laboratjry,
and alfo the documentation steps described under6.3, if the evaluation of the pathology of|the
specinjen and selection of the sample(s) is also done’outside the laboratory.

the dofumentation of any additions or modifications to the specimen after removal from the body
[e.g. lapelling for the orientation of the specimen (e.g. ink-marking, stitches), incision(s)];

the selpction and use ofcontainers and packages (e.g. cooling box, box for storing and transportation,

VaCUUIE packaging)according to applicable transport regulations;
the selpction and)use of stabilization procedures (e.g. cooling methods) for transport;

NOTE 1 _Accidentally freezing the tissue (e.g. by using cool packs in a wrong manner) can lead to prdtein
degradption when the tissue thaws thereafter. It can also impact the morphological characterization.

NOTE 2  This step can be omitted, if the specimen is transferred directly into standard buffered formalin
solution (see 6.2 and notice the importance of volume of fixative and tissue sectioning to allow adequate
penetration of fixative).

the labelling of the container (e.g. registration-number, barcode (1D or 2D), specimen type, quantity,
and organ tissue of origin) and additional documentation [information as specified in 5.1.2, 5.1.3,
and 5.1.4 a) to c)].

Several specimens from the same patient/donor sharing similar features (macroscopic appearance,
tissue type, disease status and anatomical location) may be put into a single container/container
compartment.

© ISO 2018 - All rights reserved
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Specimens should be transferred without delay into the container after the removal from the body. The
container then should be kept on wet-ice or at 2 °C to 8 °C in order to minimize protein profile changes.

The temperatures of the container’s surroundings during cold ischemia (e.g. temperatures in different
rooms; transport) should be documented. If the temperature cannot be measured, the temperature
range should be estimated by classification as ambient temperature, room temperature, or at 2 °C to 8 °C.

5.2 Transportrequirements

The laboratory in collaboration with the clinical or surgery department shall establish a protocol for

the transportprocedure of the specimen
i i T

Temperature monitoring should be applied in a suitable manner.

If the specimen is not already placed into standard buffered formalin solution, it should be tfansported
on yvet-ice or at 2 °C to 8 °C without delay in order to minimize changes to the protéin profilg.

NOTE There is evidence that proteins in tissues can be stabilized in plastic bags under vacuunp when kept
at 0[°C to 4 °C during transport[13] before the samples are archived for biobanksler used for histopathological
evaluation.

If the specimen is already placed into standard buffered formalin-solution outside the labdratory, the
temperature during transport should not exceed room temperature.

Theg conformity with the protocol for the transport procedure shall be documented. Any|deviations
from the protocol shall be described and documented.

6 [Inside the laboratory

6.1 Information about the reception of‘the specimen

The ID or name of the person receivihg the specimen shall be documented. The specimen arrival
dat¢ and time, and conditions (e.g. dabelling, transport conditions including temperature, tissue type
and quantity of the specimen, leaking/breaking of the container) of the received specimehps shall be
documented. Any deviations from the established protocol for the transport procedure (seg 5.2) shall
be documented.

The correct identity of €he specimen shall be checked. This should include the clinical ipformation
(se¢ 5.1.1 and 5.1.3) ofthe specimen, hospital admission number and/or donor/patient ID, fame of the
patient, date of birth-of the patient.

6.2| Formalin fixation of the specimen or sample(s)

Thip procedure is applicable to the specimen, and, in case that one or more parts are taken from a
sperimen'to the resulting sample(s).

The fixative used should be standard buffered formalin solution.
NOTE1 Insome countries, standard buffered formalin solution is referred to as neutral buffered formalin (NBF).

NOTE 2  There is evidence that the yield of certain proteins, as determined by Western blot examination, can
be increased by ultrasound mediated acceleration of tissue fixation[14].

The pH-value of the standard buffered formalin solution should be checked at least once per week
and before use or with every new batch as formalin is not stable (e.g. formaldehyde has a tendency to
oxidize to formic acid)[13].

© ISO 2018 - All rights reserved 7
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The following steps shall be performed:

a)

b)

d)

e)

the consultation of the manufacturer's Safety Data Sheet (SDS) before handling standard buffered
formalin solution;

NOTE Formaldehyde is a carcinogenic and hazardous compound that penetrates the tissue and
chemically modifies biomolecules. However, there are potential different local classifications.

the documentation of the time point of placing the tissue specimen or sample into standard buffered
formalin solution;

NOTE he—totalformalin—fixation—duration—can—have—an—impact—on—further examinations
immunphistochemical techniques, nucleic acid based molecular examinations. The optimal formalin fixdti
duratign can vary depending on tissue type and size. For larger surgical specimens, e.g. a resected-stomjach,
inhomqgeneous fixation can occur before the grossing process due to slow penetration of formaldeliyde
from tHe surface of the tissue to the interior. Formalin fixation for more than 24 h can lead to‘al¢crosslinking
intensity that can impact the protein examination test. It has been shown that the proteinyield decregsed
with ingreasing fixation duration[16][17],

EXAMHBLE For tissue pieces with a thickness of 5 mm, fixation durations betweew 12 h and 24 h afe in
most c3ses reasonable for an appropriate penetration and fixation. See also 6.7.2.

the selgection of container(s):

1) the capacity of the containers should be such that the specinten can be completely submerged
info the standard buffered formalin solution. The minimim standard buffered formplin
solution to tissue ratio depends on the tissue concerned,but should be at least 10:1 (volumje to
volume)[18]. To ensure complete formalin fixation of larger specimens, a special tissue hand|ing
surh as incision(s) of solid organs or opening of hollow organs should be performed.

Larger specimens may need to be bisected-and appropriate portions selected to engure
adequate fixative penetration. In this case,.the standard buffered formalin solution shal|] be
chpnged periodically.

2) when using containers pre-filled with(standard buffered formalin solution, provider’s prodluct
instructions shall be followed;

3) the container shall be securely-¢closable;

the lal(relling of the container.Je.g. by using self-adhesive labels, handwriting, Radio Frequgncy
Identification Devices (REID), pre-labelled containers, bar codes] shall ensure approprjate
traceapility of specimens.or samples. Therefore, the container labelling shall provide the mininpjum

information of:

1) the patient/donor ID, unique specimen/sample ID and date when the sample was collecfed,
which all eap’be in the form of a code (unique for every sample);

2) the basic specimen information, e.g. the tissue type, tissue condition, and related additi¢nal
information such as affected (e.g. tumour) or unaffected, unless a sample tracking systemTcan
supply this information coupled to the identification of the specimen or sample used in 6.2 d) 1);

3) the unique numbering of each container, which can be included in 6.2 d) 1);

the documentation of types, quantity and description of specimen or samples.

It should be considered that under some disease conditions, such as tumours, molecular features
may not be present homogeneously in the specimen or tissue sample. Therefore, it is important that
the part of the actual specimen or tissue sample used for molecular examination is evaluated by a
medically qualified (e.g. board certified) pathologist (see 6.3). In this context it should be documented
which features of a disease are actually reflected in the tissue specimen or sample used for molecular
examination (e.g. different molecular mechanisms can be activated in the centre and at the invasion
front of the tumour, also tumours can be composed of areas showing different differentiation grades).
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Evaluation of the pathology of the specimen and selection of the sample(s)

The evaluation and documentation of the pathology of the specimen and the selection of the sample(s)
from the specimen for further processing shall be done by or under supervision or responsibility of a
medically qualified (e.g. board certified) pathologist.

Local, national or regional regulations can apply.

Opt
a)

ions to select the sample(s) for protein examination:

The selection of appropriate parts of the specimen for molecular and histopathological

b)

The

EXATITTations as wettas for furthrer research purposes shatt-bedome by orumder supe
medically qualified (e.g. board certified) pathologist to ensure that the collection of th
for protein examination does not compromise the histopathological examinatipn.)For
examination, suitable tissue parts should be selected, whereas parts potentially‘comprda
molecular examination, such as bleeding and necrotic parts, should be avoided Where a
Microdissection of tissue should be considered to select or enrich for certain cellular feg
disease.

NOTE1 Depending on local procedures, the selection of appropriate.parts of the specimen
done outside of the laboratory, e.g. in the operating theatre (see 5.1.3).

In the context of the macroscopic evaluation of the surgical’specimen before and/or aft
fixation, the clinical information (see 5.1.2 and 5.1.3), of the specimen (e.g. type, siz¢
hospital admission number and/or pathology case number and/or donor/patient ID, n
patient, date of birth of the patient and type of tissug should be checked. The surgical sp¢
all findings shall be described appropriately according to the guidelines of the respecti
societies, e.g. societies of pathology, and in correlation with the clinical information and
e.g. patient record or clinician’s request. The\ahatomic localization represented in thg
shall be described, resection margins and’other important areas may be marked if
and helpful for later microscopic evaluation; photographs may be taken. Representati
for microscopic evaluation shall be taken (i.e. grossing) according to the organ/dises3
guidelines from the respective medical societies.

NOTE 2  The above described evaluation or documentation can also be done outside of the lab
in the operating theatre.

Where the tissue specimen was removed from the body without the require

vision of a
e sample(s)
molecular
mising the
bpropriate.
atures of a

can also be

br formalin
, number),
ame of the
pcimen and
ve medical
questions,
P specimen
necessary
’e samples
se specific

oratory, e.g.

ment of a

histopathological djagnosis, the documentation of this specimen, the evaluation, selection and

documentation of the'samples may be done by other qualified persons than pathologisty.

documentatignycan include photographs. The size of the samples shall be appropri

tiss
ap

labg¢lled with*a unique identifier (e.g. barcode, number, tissue abbreviation). If a single tiss
confains‘several samples from the same specimen, and the samples represent different fe
tisspetype, disease status, location), this shall be documented.

Lie cassette {fmaximum of approximately 3 cm x 2 cm x 0,5 cm). If the specimen is ng
opriately, post-fixation can be performed within the tissue cassette. Each tissue casse

hte for the
t yet fixed
te shall be
le cassette
htures (e.g.

When the sample taken from the specimen is transferred into the tissue cassette, this time point shall
be documented.

Without delay, the sample shall be placed into either standard buffered formalin solution or, if already
fixed, it should be placed into an alcohol-containing solution (e.g. 70 % ethanol) on the tissue processor.

The total duration of formalin fixation and the temperature during the fixation process shall be
documented.

6.4 Post-fixation of frozen samples

Frozen specimens or samples (e.g. after frozen section diagnosis) can be post-fixed in standard buffered
formalin solution for further paraffin embedding.
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In this case, the total formalin fixation duration period shall be documented.

If a formalin-fixed and paraffin-embedded specimen or sample was generated from a frozen specimen
or sample this shall be documented.

6.5 Processing and paraffin embedding

After the specimen or sample is fixed in standard buffered formalin solution, the time point when it is
subsequently placed into an alcohol-containing solution of the tissue processor shall be documented.
Further processing shall be performed in a tissue processor according to the manufacturer’s
instructions

NOTE 1
can affect t

uring processing, the tissue is dehydrated and water is replaced with paraffin wax. Residual wiater

i)e quality and stability of tissues, including protein, during storage[18l.

The replag
instructiorn

ement of all reagents shall be done on a regular basis according to the manufactur
S.

The duration and temperature of paraffin infiltration can impact the biomolecule integrity in fi

tissue. Par
should be
to the man

documente
NOTE 2 ]

The paraff
(high) tem
validated 2
are recogn,

6.6 Stor
FFPE tissu

ffin with standardized composition and with low melting temperature for tissue infiltra
1sed. The duration and temperature of each embedding step shall-be performed accorc
ufacturers’ instructions or laboratories’ validated protocols. The applied protocol shal
d.

'ypical low melting point temperatures for paraffin are in the range from 50 °C to 56 °C.

n and embedding procedures can have an influence on the quality of proteins especially]
perature applied and the process duration. The protein examination test shall therefor
nd verified for the paraffin embedding processés used. If impacts on the examination
ized, the temperature and/or the duration-should be reduced.

age requirements

e can be stored in several ways, e.g. as blocks, cut sections or as multi tissue arrayg

Storage time may influence the retrieval of a protein or group of proteins over time and thus impact

subsequen
may decre

Storage co
FFPE tissu

NOTE 1
depending ¢

In order to
preferably

| proteomic measurementst29}. While histology is hardly affected by storage, protein ¥
hse with increasing storagetime, especially if specimens or samples are stored for yearsl

ers'

xed
[ion
ling
I be

the
b be
test

[19],
the
ield
19],

hditions, e.g. humidity and temperature, can have an impact on protein amounts in archfival

ps[19],

ne study reported a decreased Western blot signal of proteins isolated from FFPE tissue sect
n the storagetemperature and humidity[21].

minimize protein amount changes, FFPE tissue should be stored dry at room temperaturj
at lower temperature.

Q foMoYal Q

lons

c or

NOTE 2
over time.

NOTE 3

1l 4 4 4 L o)
LUVWTT SLUIL GSC LClllPCl dlturco LC.S. )

Fallvn ra Fah' 1 u 41 - | P
G U O G, o|J \AJ SIUVV UUVWII UIIT lJl ULCIIT L{Csl dudtivull }JIU

can be stimulated.

ess

If FFPE tissue is not stored dry, the protein degradation can increase, and fungal and bacterial growth

For protein isolation, FFPE sections should be freshly prepared. If storage of these sections cannot be
avoided before isolating total protein, they should be stored dry and at room temperature or lower
temperature for as short as possible.

A system for long-term storage of FFPE tissues should be in place. The storage position, storage
temperature and the retrieval of any specimen or sample from the storage system, its use, and its
return to the storage system shall be documented.

10 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=ad0f317d6fe3a1389f580747f0ea3456

IS0 20166-2:2018(E)

6.7 Isolation of the total protein

6.7.1 General

A histopathological characterization of the cellular composition and disease condition of the specimen
or sample shall be performed (e.g. on hematoxylin/eosin (H&E) sections) according to an internationally
defined histopathological classification (e.g. WHO/IARC Classification of Tumours[22]). When the
specimen or sample is used for molecular diagnosis, the fraction of target cells shall be evaluated prior
to the protein isolation. The quantity of target cells shall be sufficient to perform the examination. When
the specimen or sample is not used for diagnosis, e.g. for research, a similar approach is recommended.

6.7)2 General information for protein isolation procedures

There are several challenges, including selective or incomplete recovery of proteins,protein degradation
and protein modifications, that shall be taken into account to interpret the results“obtaingd from the
examination test.

Requirements and recommendations:

a) |The optimal fixation duration depends on the tissue type and<thickness[19]. Prolorged tissue
fixation can result in reduced protein yields and should be avoided. For a tissue thickngss of up to
5 mm the fixation duration should be 12 h to 24 h in standard buffered formalin solutiof.

b) |Starting material for protein purification should be freshly cut sections, with a thickngss of up to
10 pum, obtained from FFPE tissue blocks, manually{23] dissected samples, laser micifodissected
(LMD)[24][25] samples or tissue cores [for, e.g. tissue microarray (TMA)]. Histotechnolggists shall
wear gloves. The relevant parts of the microtome, including the reusable blade, shall [be cleaned
after the cutting of each paraffin block. The use'of new disposable blades on the microtpme should
be considered to avoid cross-contaminations;

c) |Parallel hematoxylin/eosin (H&E) stained sections should be used to identify, select dnd control
dissection of unstained specimens\for subsequent protein isolation and quantificatiop. Staining
sections prior to protein isolation:should not be performed, as staining can impair proffein quality
and performance in downstream/applications(23].

If pfotein is extracted from arehived tissue blocks, the blocks should be trimmed by disposipg the first
sections before taking the sections for protein isolation. It may be necessary to further trim blocks in
ordpr to enrich for tissuesomponents relevant for examination.

If there is doubt in theCorrect identification of the specimen or sample, an identification yerification
test shall be perfotrmed.

The isolation-of the total protein is a key step in the diagnostic workflow, which shall bg especially
focyised onduring the verification and validation of the entire workflow.

6.7{3C~ Using commercial kits

When using commercial kits dedicated to the isolation of protein from FFPE tissues, the manufacturers'
instructions for use shall be followed.

6.7.4 Using the laboratories’ own protocols

If a commercial kit is not used in accordance with its intended use, but is validated fit for purpose as
defined by the user, instructions shall be written and followed.

If the laboratory uses its own protocol independent from a commercial kit, the validation and
verification demonstrating that it is fit for purpose shall be carried out, and instructions shall be
written and followed
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A strong detergent (most commonly used is sodium dodecyl sulfate, SDS) and exposure to high
temperatures should be used for an efficient reversal of formaldehyde-based protein crosslinks needed
for protein isolation from FFPE tissues.

The combination of products from different manufacturers can compromise results as the products
may not be compatible. They should be used for diagnostic testing only if the components have been
tested together and validated to work satisfactorily.

Protein isolation procedures for FFPE tissue sections, which are mounted directly onto a glass slide,

should con

a) Specinflen or sample preparation

tain the following three steps:

— Usding a microtome, a suitable number of 5-um- to 10-pm-thick sections should be cut(and then

m@unted onto glass microscope slides.

NAQTE For certain tissues and/or proteins, thicker sections can work as well.

b) Depar

hffinization

— Rdutine deparaffinization and rehydration steps can be used (e.g. additien of a suitable pargdffin

wax solvent, twice for 10 min and 100 %, 90 % and 70 % ethanol for'5"min each).

NQTE This can be done with solvents such as xylene. Alternatively, high temperature methods|can

be

c) Protei
— TH

of
tig
ce

—

— Dsd
ge

— Fofr the isolation of proteins frem-a very low number of cells like laser microdissected si}

ce
pr
pr

N(
re

6.8 Qua

The protel
biochemicsa

used, which release tissue from paraffin but avoid the need for,solvents.

N isolation

a protein isolation buffer containing a strong detergent, e.g. sodium dodecyl sulfate.
sue should be boiled for 20 min, followed byginicubation at 80 °C for 2 h. The tissue shoul

pending on the subsequent examination test (e.g. mass spectrometry) additional steps
heration of peptides) can be required after the removal of the detergent.

e desired tissue area should be transferred into ateaction tube containing a suitable volime

The
] be

htrifuged and the supernatantbe transferred into a fresh reaction tube for quality assessmjient.

e.g.

ngle

Is, different dedicated pregein isolation procedures might be needed. For such sensifive

bcedures it is recommended to follow the latestliterature and verify and validate the isolafion
pcedure before use.

TE Partial sqlubilisation of FFPE tissues can lead to isolation bias and can affect the final afpsay
ultlé].

ity assessment of isolated proteins

n quality and quantity should be checked by generally accepted physical, chemica] or
Igrocedures (e.g. Western blot[26], Bradford assayl2Z]), and/or by suitable controls as part

of the exa

II1atiofl tesSt.

Such procedures to determine the purity and integrity may include one or more of the following

techniques

, depending on the specific examination test:

a) Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE) and Coomassie blue or
silver staining;

b) capilla

C) masss

ry electrophoresis;

pectrometry;

d) Western blot (e.g. -actin).
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Determining total protein concentration may include one or more of the following techniques,

dep

a)
b)

)

6.9

ending on the specific examination test:
Bradford assay;
bicinchoninic acid (BCA) assay;

Lowry assay.

Storage of isolated total protein

The
sho
inst
pro

If t

own validated total protein isolation procedures are used, the isolated proteins should

imn
pro

NOT
circ

Sto1
arc]

For
and|
yea

NO71
con
top

Uni
sho
or ¢
eva

For
ves

Tra
stol

11d be followed. Where the examination provider’s instructions are more stringent tHan-
ructions supplied by the protein isolation kit provider, e.g. lower temperature;jthe e
vider’s instructions shall be followed.

nere is no information available from the protein isolation kit provider(or if the la

nediately. Where the protein cannot be assayed immediately, the labotratory shall ha
cedures in place on how to store the isolated protein.

E1 Storage in solution on wet-ice for a short period of time (iz€: 2 h) can be appropriat
Limstances.

piving can also be used.

long-term storage, aliquots of the isolated proteinshould be generated to avoid repeat
thawing. Avoid more than two freeze-thaw cycles. If lyophilized, proteins can be stored
s at4 °Cor-20 °C.

E2 The protein stability is affected byynumerous factors, including freeze/thaw cycles,
entration, salt conditions and others. Optimal conditions for storing specific proteins can vary fj
Fotein.

htended freeze-drying of the isolated protein during long-term storage due to water e
hld be avoided as proteinss«an degrade and the recovery from the storage vessel can
bven impossible. Therefore) appropriate storage vessels, such as cryogenic vials, avoi

long-term storage;atalidated process should be in place to organize and uniquely mark
bel containing theisolated protein or aliquots derived therefrom.

reability shall be ensured, e.g. by the use of readable RFID, 1D- or 2D-barcodes or
age vessels'with unique codes provided by manufacturers suitable for low storage temp

specific instructions supplied by the protein isolation kit provider for storing isolafled protein

he specific
xamination

boratories’

be assayed

e verified

P in certain

age for long-term purposes (i.e. for several years) shoulddbe at <-70 °C. Other validated methods for

bd freezing
for several

pH, protein
Fom protein

vaporation
be difficult
ling water

poration during long-term storage should be used, and the type and cap should be docunjented.

the storage

re-printed
bratures.
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Annex A
(informative)

Examination of protein demonstrates changes of protein amounts
during cold ischemiav

A.1 Introduction

Phosphoryjation and dephosphorylation are key mechanisms of intra- and intercelular signal
transductipn and reflect the activation status of a cell. The identification of specific phoSphoprofein
profiles is peing used to develop targeted therapies against deregulated signalling pathways in cafcer
patients. However, knowledge of the impact of pre-examination variations, such(as delayed timg to
formalin fikation, on protein and phosphoprotein changes in the specimen is very limited.

The resultp of this study give insights into the inter-patient variability as ‘well as the fluctuationfs of
protein angl phosphoprotein profiles in clinical tissue samples during the pre-examination phase. Using
human intg¢stine and liver tissues as examples, the data of this experimental work, as described below,
clearly shqw that there is a need to standardize the collection ofyEFPE tissues and the subsequent
isolation and storage of proteins and phosphoproteins beforesthe quantitative examination. This
standardization process includes the documentation of warm¢and cold ischemia durations. While|the
results forlwarm ischemia are reported elsewhere (see further reading), the data shown here indi¢ate
that cold ijchemia has an influence on protein profiles. Thus, there is a risk that due to variationfs in
warm and| cold ischemia durations and other pre-exahtination parameters, the examination agsay
may be unteliable and meaningful biomarkers for treatment of patients may be missed or interpré¢ted
wrongly.

A.2 Example

A.2.1 Geperal

In a time dourse experiment, human intestine and liver tissues were used to assess the influence of
prolonged [cold ischemia on the-amounts of proteins and phosphoproteins in the specimens before
formalin fikation. The datasrevealed that the protein and phosphoprotein amounts changed before|the
tissues are[stabilized by fixation with standard buffer formalin solution.

These chahges varied”between different patients and tissue types. For example, up-regulatiop of
phospho-pft2/44 mitogen activated protein kinase (MAPK) in intestine samples was seen in spme
patients byt notjint others. This pronounced inter-patient variability prevented recognition of genpral
trends within a patient cohort for up- or down-regulation of most proteins. However, amounts pf a
few proteibssuch-as-cytokeratin- 18 were altered-significan om-the individual baseline in-nnost
patients' post-resection samples. In contrast, amounts of glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) and -actin were found to be stable during prolonged cold ischemia.

A.2.2 Experimental procedures

A.2.2.1 General

Human intestine and liver tissues were collected in different hospitals using the same workflow. The
time between vessel ligation (t1) and surgical resection (t7) is defined as warm ischemia (1). The time
between surgical resection and formalin fixation, typically the transport time (2) to the pathology

1) Research by the EU FP7 SPIDIA project funded by the European Union Seventh Framework Programme
[FP7/2007-2013] under grant agreement no 222916.
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