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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 analysing 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- examlnatlon process. Therefore a standardlzatlon of the entire process from spec1men collection

Protein profiles and protein-protein interactions in tissues can change drastically before, luring (e.g.
duelto warm ischemia) and after tissue collection (e.g. due to cold ischemia). The changes pre caused
by ¢.g. gene induction, gene down regulation, protein degradation. Protein specie’s amounts fan change
differently in different donors’/patients’ tissues. The expression of genes caibe influenced bly the given
tregtment or intervention (surgery, biopsy), or drugs administered for amaesthesia or even tjeatment of
conpomitant disease as well as by the different environmental conditions after the tissue regoval from
the [body.

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

Tisgues that have undergone chemical stabilization pre-treatment before freezing are not covered in this
document. In addition this document is not applicable toprotein examination by immunohistqchemistry.

In this document, the following verbal forms are used:
— |"shall" indicates a requirement;
— |"should" indicates a recommendation;
n LI . . .
— |"may" indicates a permission;

— |"can" indicates a possibilit§zer a capability.

© ISO 2018 - All rights reserved v
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Molecular in vitro diagnostic examinations —
Specifications for pre-examination processes for frozen
tissue —

Part 2:

Isq

1

Thi
tiss

lated proteins

Scope

5 document gives guidelines on the handling, documentation, storage and processing
Lie specimens intended for the examination of isolated proteins duringthe pre-examine

befpre a molecular assay is performed.

Thi

5 document is applicable to any molecular in vitro diagnostic examination performed

labg¢ratories and molecular pathology laboratories that evaluate,pfoteins isolated from froz

isa

so intended to be used by laboratory customers, in vitro djaghostics developers and man

biolpanks, institutions and commercial organisations perforining biomedical research, and

aut

NOT
cov{

horities.

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

b of frozen
tion phase

by medical
N tissue. It
ufacturers,
regulatory

ecific topics

Pir content
pplies. For
[s) applies.

ving apply.

dresses:

2 |Normative references

The following documents are referred-to in the text in such a way that some or all of th
conktitutes requirements of this decument. For dated references, only the edition cited 4
undated references, the latest edition’of the referenced document (including any amendmen
[SO[15189:2012, Medical laboratories — Requirements for quality and competence

3 |Terms and definitions

For|the purposes.6f this document, the terms and definitions given in ISO 15189 and the follo
[SO|and [EC maintain terminological databases for use in standardization at the following ag
— |ISO, @nline browsing platform: available at https://www.iso.org/obp

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

3.1

aliquot

portion of a larger amount of homogenous 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.

Note 2 to entry: The definition is derived from the Compendium of Chemical Terminology Gold Book. International
Union of Pure and Applied Chemistry. Version 2.3.3., 2014; the PAC, 1990,62,1193 (Nomenclature for sampling in
analytical chemistry (Recommendations 1990)) p. 1206; and the PAC 1990, 62, 2167 [Glossary of atmospheric
chemistry terms (Recommendations 1990)] p. 2173.

© ISO 2018 - All rights reserved
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3.2

ambient temperature
unregulated temperature of the surrounding air

3.3
analyte

component represented in the name of a measurable quantity

[SOURCE: I

3.4
analytical
accuracy, p

SO0 17511:2003, 3.2]

test performance
recision, and sensitivity of a test to measure the analyte 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 involv
distinct cat

3.7

examinati
analytical
set of oper

Note 1 to e
chemical m

[SOURCE: |
notes.]

3.8
grossing

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

on of a health or disease state from its signs and/or symptoms, where the diagnostic pro
b examinations and tests for classification of an individdal's condition into separate
egories or subclasses that allow medical decisions aboutteatment and prognosis to be m

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

nipulation for quantitative or qualitative examination.

SO 15189:2012, 3.7, modified — The term and definition is used here without the orig

gross examination

inspection
processed

3.9
homogene
uniform in

3.10

of pathology specimens with the bare eye to obtain diagnostic information, while b
for further micergscopic examination

ous
strueture and composition

Cess
and
ade

htry: Processes that start with the isolatedyanalyte and include all kinds of parameter testing or

inal

Ping

pre-exami

Ination processes

preanalytical phase

preanalytical workflow
processes that start, in chronological order, from the clinician’s request and include 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 end when the analytical
examination begins

Note 1 to entry: The pre-examination phase includes preparative processes that influence the outcome of the
intended examination.

[SOURCE: ISO 15189:2012, 3.15, modified — An additional term was added and more detail was

included.]
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3.11

primary sample

specimen

discrete portion of a body fluid, breath, hair or tissue taken for examination, study or analysis of one or
more quantities or properties assumed to apply for the whole

[SOURCE: ISO 15189:2012, 3.16, modified — The term and definition is used here without the
original notes.]

3.12

protein
typp of biological macromolecules composed of one or more chains with a defined sequende of amino
acids connected through peptide bonds

31

pratein profile
amounts of the individual protein molecules that are present in a sample and.that can be njeasured in
thefabsence of any losses, inhibition and interference

31

protein species
am@unts of a chemically clearly-defined protein corresponding to gne spot on a high-performance two-
dimensional gel electrophoresis pattern

[SOPRCE: Jungblut et. al.1996]

3.15
PTJ’I

post translational modifications
chemical alterations to a primary protein structure, often crucial for conferring biological factivity on
a pijotein

[SOURCE: Encyclopedia of Psychopharmdcology, 2010]

3.16
room temperature
temperature which is defined-as18 °C to 25 °C

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

3.17
sample
onelor more parts-taken from a primary sample

[SOPRCE: 1S©,15189:2012, 3.24, modified — The example was not taken over.]

31
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

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

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

© ISO 2018 - All rights reserved 3
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3.19

storage

prolonged interruption of the pre-analytical workflow of a sample or analyte respectively, or of their
derivatives e.g., stained sections or tissue blocks, under appropriate conditions in order to preserve
their properties

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

3.20

validation
confirmation, throughout the provision of objective evidence, that the requirements for a specific
intended ufe or application have been fulfilled

Note 1 to enftry: The term “validated” is used to designate the corresponding status.

[SOURCE: IISO 9000:2015, 3.8.13, modified — Note 1 and Note 3 where not taken over.]

3.21
verificatid
confirmati

n
bn, through provision of objective evidence, that specified requireménts have been fulfilled

Note 1 to enftry: The term “verified” is used to designate the corresponding status

[SOURCE: IISO 9000:2015, 3.8.12, modified — Note 1 and Note 2 where-tiot taken over.]

Note 2 to enftry: Confirmation can comprise activities such as:

perforiping alternative calculations;

compating a new design specification with a similar proven'design specification;

undertpking tests and demonstrations;

review|ng documents prior to issue.

3.22
warm isch
condition k

emia
efore the tissue is removed.frem the body, but where it is deprived of its normal blood supply

3.23
workflow

series of adtivities necessary.tg)complete a task

4 General considerations

For genera3
specimen
ISO 15189

|1 statements on medical laboratory quality management systems and in particulay
collection, reception, and handling (including avoidance of cross contaminations)

on
see
on

2012, 42 5.4.4, 546 or ISO/IEC 17020 2012, Clause 8 and 7.2. The requlrements

laboratory
followed; ISO 15189: 2012 5.5.1. 2 and 5. 5 1. 3 and ISO/IEC 17020:2012, 6.2 can also apply

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 examination test
performance shall be performed and mitigation measures shall be established to enable the required
examination test performance.

The stability of the specific proteins to be examined and their posttranslational 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 [8]).

4 © ISO 2018 - All rights reserved
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Before tissues are stabilized by freezing, protein amounts, conformations and binding status

can change

e.g. by protein degradation and altered synthesis following gene induction, gene down regulation, RNA
degradation, and changes of the biochemical pathway and energy status. These effects depend on the
duration of warm and cold ischemia and the ambient temperature before freezing. In addition, the

described effects can vary in different donors’/patients’ tissues.

Generally, the longer the duration of warm and cold ischemia and the higher the ambient temperature

before freezing the tissue specimen, the higher is the risk that changes in the protein profile

NOTE

can occur.

Prolonged cold ischemia durations result in changes of protein (e.g. cytokeratin 18) and

phosphoprotein (e.g. phospho-p42/44) amounts[8l[9]. Keeping the specimen on wet-ice diminishes this effect[10].

Profein amounts as well as posttranslational modifications can also vary during the pre-examin
depgnding on the origin and type of tissue, the underlying disease, the surgical procedure, the dr
and|drugs administered for anaesthesia or treatment of concomitant disease and on the differént en)
conglitions after the tissue removal from the body.

As warm ischemia cannot be easily standardized, its duration shall be documeéented. Wh
pospible to avoid cold ischemia, its duration shall be documented and temperatures of the
confainer's surroundings shall be documented. Where the specimen is transported to anot
for freezing, the transport duration shall be documented and the ambient conditions sho
documented.

Saf¢ty regulations on transport and handling shall be followed (s€e ISO 15189:2012, 5.2.3
and{ISO 15190).

Duijing the whole pre-examination process precautions shall be taken to avoid cross con
betveen different specimens/samples, e.g. by using -single-use material whenever {
appjropriate cleaning procedures between processing.of different specimens/samples.

Ifa
for

commercial product is not used in accordance with the manufacturer’s instructions, res
ts use and performance lies with the user.

5 [Outside the laboratory

5.1 Specimen collection

5.1/1 General

Forilthe collection of the’specimen, the requirements (e.g. disease condition, specimen size) f
molecular examinatjon (see also Clause 6) should be considered.

Seelalso ISO 15189:2012, 5.4.4.

5.1)2 Information about the specimen donor/patient

The do¢umentation shall include the ID of the specimen donor/patient, which can be in the for

htion phase,
Lig regimen,
rironmental

bn it is not
P sSpecimen
her facility
11d also be

and 5.4.5,

famination
easible or

ponsibility

br intended

n of a code.

The documentation should include, but is not limited to:

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

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

c) the appropriate consent from the specimen donor/patient.

© ISO 2018 - All rights reserved
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5.1.3

Information about the specimen

The documentation shall include, but is not limited to:

vessel ligation/clamping time point (usually arterial clamping time);

Not needed where small tissue biopsy resection for freezing is performed.

biopsy, resection, biopsy device used for the collection);

a)
NOTE
b)
needle
c) thede
includ
radiold

If the freez
under 6.2,

The docunij

514 Sp

Tissues th

bcription of tissue type and origin, tissue condition (e.g. diseased, unaffected by the diSe
ng references to any marking applied in or outside the operating theatre made bycsurg
gist or pathologist;

iwhere pathology evaluation is required, and 6.3 has to be performed.

entation should also include the ID of the responsible person collecting the specimen.

pcimen processing

it need to be frozen for diagnostic purposes can originate<from a large tissue specime

the start of ischemia within the body (warm ischemia) by documentation of the ischemia-relevant

the time and date when tissue is removed from the body and the method of removal (e.g. core-

hse)
bon,

ing of the tissue is performed outside the laboratory, the documentation of.steps described

1 Or

can be a small tissue specimen like biopsies e.g. taken by endoscepy“or taken from patients during a

surgical pr

ocedure where fast frozen section diagnosis is required:

NOTE Fost-mortem tissues can be frozen for diagnostic purposes. However, preservation of protein is

dependent dn the time interval between death and autopsy and the-temperature of storage of the body after ddath.

Any additipns or modifications to the specimen aftei“removal from the body (e.g. labelling for|the

orientatior] of the specimen [e.g. ink-marking, stitches, incision(s)]) shall be documented.

Where a ppthology diagnosis is required on the specimen, sampling shall be performed by or under

supervisioh or guidance of a medically qualified (e.g. board certified) pathologist (see 6.2).

Where the[specimen was removed without the requirement of a pathology diagnosis, the evaluation,

selection apd documentation of specimens may be done by other qualified persons than pathologisfs.

The freezipg of the specimen 0y samples taken from the specimen can be performed outside|the

laboratory|or inside the laboratory.

Cold ischerpia can influerice the protein profile; therefore direct freezing should be preferred.

a) In casg the specimen or sample is frozen outside the laboratory, proceed with 6.2 without delay.

b) In cas¢ the specimen or sample is frozen inside the laboratory, fresh tissue specimens need t¢ be
transplorted 'to the laboratory. The steps described under 5.2 for fresh tissue transport shafr be
perforimed without delay

5.2 Fresh tissue transport requirements

5.2.1 General

Where transport of the specimen or sample to the laboratory is required for freezing, the laboratory
in collaboration with the clinical or surgery department shall establish a protocol for the transport

procedure

of the tissue.
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a)

b)
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2 Preparations for the transport

following steps shall be performed:

the selection and use of containers and packages (e.g. cooling box, box for storing and transportation,

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

NOTE Accidentally freezing the tissue (e.g. by using cool packs in a wrong manner) can lea
degradation when the tissue thaws. It can also impact the morphological characterization.

d to protein

Sev
tiss
con

Spe
con

Thd
roo
sho

5.2

Tempperature monitoring should be applied in a suitable manner.

If th

in order to minimize the changes to the protein profile.

the labelling of the container (e.g. registration-number, barcode, specimen type, qu

hntity, and
5.1.3,5.14

organ tissue of origin) and additional documentation [information as specified in 5122,
and 5.2.2 a) and b)].

lle type, disease status, anatomical location) may be put into a sihgle containel
partment.

cimens should be transferred without delay into the container after.the removal from th
Lainer should then be kept on wet-ice or at 2 °C to 8 °C in order to minimize protein profi

temperatures of the container's surroundings during cold.ischemia (e.g. temperatures
s, transport) should be documented. If temperature jis\not measured, the temperat
1ld be estimated by classification as ambient temperature, room temperature, or at 2 °C

3 During transport

e specimen is not already frozen, it should be transported on wet-ice or at 2 °C to 8 °C wi

bral specimens from the same patient/donor sharing similar features (macroscopic appearance,

/container

e body. The
e changes.

n different
ire ranges
0 8°C.

thout delay

NOTE There is evidence that proteins'in tissues can be stabilized in plastic bags under vacuum and when
kept at 0 °C to 4 C° during transport before the samples are frozen for biobanks or used for histopathological
evaluation[11].

Thg compliance with the protocol for the transport procedure shall be documented. Any|deviations
fromn the protocol shall he'described and documented.

6 [Inside the laboratory

6.1/ Information about the reception of the specimen

Theg name of the person receiving the specimen shall be documented. The specimen arrival date and
timg, and conditions (e.g.labelling, transport conditions including temperature, tissue type aipd quantity

of the specimen, leaking/breaking of the container, vacuum integrity) of the received specimens shall
be documented. Any deviations from the established protocol for the transport procedure (see 5.2)
shall be documented.

The correct identity of the specimen shall be checked. This should include the clinical information
(see 5.1.2 and 5.1.3) of the specimen, hospital admission number and/or donor/patient ID, name of the
patient, date of birth of the patient.

6.2 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.

© ISO 2018 - All rights reserved
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Local, national or regional regulations can apply.

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

a)

b)

6.3 Freqzing of the specinien or sample(s)

The selection of appropriate parts of the specimen for molecular and histopathological examinations
as well as for optional further research purposes shall be done by or under supervision of a
medically qualified (e.g. board certified) pathologist to ensure that the collection of the sample
for protein examination does not compromise the histopathological analyses. For molecular
examination suitable tissue parts should be selected, whereas parts potentially compromising the
molecular examination, such as bleeding and necrotic parts, should be avoided where appropriate.

NOTE €pending on local procedures, the selection of appropriate parts of the specimen can alsp be
done oyitside of the laboratory, e.g. in the operating theatre (see 5.1.4).

In the fontext of the macroscopic evaluation of the surgical specimen before and/or afternfreezing,
the clipical information (see 5.1.2 and 5.1.3) of the specimen (e.g. type, size, number), hospital
admisgion number and/or pathology case number and/or donor/patient ID, nanie,of the patient,
date of birth of the patient and type of tissue should be checked. The surgical specimen and all
findings shall be described appropriately according to the guidelines of the respective medical
societies and in correlation with the clinical information and questions. The)anatomic localization
represented in the specimen shall be described, resection margins and ather important areas nay
be marked if necessary and helpful for later microscopic evaluation;~photographs may be taken.
Repregentative samples for microscopic evaluation shall be taken(i.e. grossing) according to|the
organ/disease specific guidelines from the respective medical secjeties.

NOTEZ The above described evaluation or documentation can also be done outside of the laboratory] e.g.
in the dperating theatre.

When [the specimen was removed without the requirement of histopathological diagnosis;|the
evalualtion, selection and documentation of specimens may be done by other qualified persons than
patholpgists.

When |frozen section diagnosis is required; ‘the selected part of the specimen shall be frgzen
(see 613) in an appropriate freezing meéditm. The freezing medium used shall be documented.
Frozer] sections shall be evaluated byJa medically qualified (e.g. board certified) pathologist.
Microdissection of tissue should be.considered to select or enrich for certain cellular features [of a
diseasg.

6.3.1 Frdezing of the sp€cimen or samples shall be performed without delay. The most optimal freefing
method (sde 6.3.2) for the-specimen or sample in regards to the intended use and the working conditjons

should be ¢hosen and\used.

The vial shill bélabelled before it is pre-cooled.

6.3.2 Thethreepossiblefreezing proceduresare as fottows:

a)

Snap-freezing procedurel12]: This method is used in frozen tissue samples. Isopentane (CsH12, also
called methylbutane or 2-methylbutane) shall be pre-cooled ranging from <-80 °C to >-160 °C
where it can be used for snap freezing. Pre-cooling can be done with liquid nitrogen (-196 °C), dry
ice (-80 °C), -80 °C freezers or dedicated freezing appliances that keep the isopentane <-80 °C
with or without controlled cooling rate. The isopentane shall be cooled in a tube or other container
(e.g. glass beaker) resistant to the large and sudden temperature shifts. The volume of pre-cooled
isopentane shall be at least 10 times the volume of the specimen or sample. For snap freezing the
tissue sample shall be completely submerged into the pre-cooled isopentane.

After the tissue is frozen it shall be transferred into its designated pre-cooled labelled cryo-vial.
The vial shall be closed according to the manufacturer’s instructions. The isopentane should be
refreshed when tissue sediment is seen at the bottom of the tube.
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[sopentane is an extremely volatile and extremely flammable liquid at room temperature and
pressure. Therefore, the laboratory should be well ventilated. The isopentane in the tube should

be cooled.

Fast freezing procedure: Tissues shall be fast frozen on a precooled metal plate, or metal basket
placed on the surface of liquid nitrogen, or on dry ice. The metal surface shall be precooled ranging
from <-80 °C to >-196 °C. The metal plate or metal basket can be fixed into position with a suitable
stand and clamp. Alternatively the sample can be frozen directly in liquid nitrogen or even in the

labelled and closed storage vial in liquid nitrogen or in dry ice. However, a slow freezi

ng process

can cause membrane disruption by compartmental rising salt concentrations and crystal formation

which can seriously affect the morphology. To avoid cross-contamination, the basketory

late should

be cleaned between freezing samples.

NOTE Freezing in liquid nitrogen is characterized by the Leidenfrost effect[13] caused b
liquid nitrogen around the tissue due to its relatively high temperature. This reduces€he heat c
the sample to the liquid nitrogen; this becomes worse when the sample is placed in thé labelled {

Frozen section procedure: For freezing tissue for fast frozen section diagnosis, the tig
be transported freshly to the laboratory without delay. The selected |part of the sped
be frozen onto the specialized metal grids that fit onto the cryestat in an appropria
medium. The freezing medium used should be documented. The.metal grid containing
and freezing medium is frozen by holding the metal in liquid mitrogen or dry ice unti
is frozen. After cutting the frozen sections the remainder-Skiould be removed from the
without thawing and stored in a pre-cooled vial for longterm storage.

NOTE The use of a freezing medium is known to harm protein mass spectrometry where
separation can become impaired.

3 The following steps shall be performed before, during and after the freezing procedur

the documentation of the freezing procedure (e.g. freezing in liquid nitrogen, snap-

y boiling of
nduct from
Fial.

sue should
imen shall
Le freezing
the tissue
the tissue
metal grid

the column

®

freezing in

isopentane cooled by liquid nitrogenvor dry ice, freezing in an appropriate freezing medium,

freezing with controlled cooling rate};

the documentation of the freezihg time point and date (to determine the lag time: t
between removal from thebody - until freezing of the specimen or sample);

determine if the requited tissue size of the sample fits into the chosen cryo-vial befoy
because the tissue size ‘determines the size of the container; it is therefore recommends
specimen/sample.does not exceed 1 cm in one dimension;

the selection.of the specimen/sample container for cryo-storage:

me period

e freezing,
bd, that the

1) thecontainer shall have a sufficient volume for the size of the specimen or sample tq be stored;

2) , the container shall be certified for the storage temperature;

3}~ the container shall be safely closable, preferably screw caps; containers with a flip cap shall not
be used;
NOTE Containers can explode upon specimen or sample retrieval when they have been stored in
liquid nitrogen.

4) the container shall be suited for permanent labelling under the frozen storage conditions;

the label shall be suitable for the respective frozen storage conditions;

NOTE
pre-labelled containers, which have been verified for the purpose.

© ISO 2018 - All rights reserved
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f) the labelling of the container shall ensure appropriate traceability of specimens and samples.
Therefore, the container labelling shall provide the minimum information of:

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

2) the basic information on e.g. the tissue type, tissue and disease condition such as affected (e.g.
tumour) or unaffected, unless a sample tracking system can supply this information coupled to
the identification of the specimen or sample used in 6.3.3 f) 1);

3) th unique numbpering or each container, which can be imciude

g) the dofumentation of types, quantity and description of the specimen(s) or sample(s).

It should b considered that under some disease conditions, such as tumours, molecular features may
not be present homogeneously in the tissue sample. Therefore, it is important that)the part of|the
actual tissfie sample used for molecular examination is evaluated by a medically gualified (e.g. bdard
certified) pathologist. In this context it should be documented which aspect of’a disease is actufally
reflected im the tissue sample used for molecular examination (e.g. different molecular mechanisms|can
be activatdd at the centre or the invasion front of the tumour, also tumours.can be composed of afeas
showing variations in differentiation grades).

6.4 Storpge requirements

The constant temperature shall be <-70 °C. Systems monitoring.and controlling the temperature shquld
be implemg¢nted and used.

Freezers or liquid nitrogen tanks shall have a temperature alarm system.

erature shifts may occur during retrieval of the specimen(s) or sample(s). Therefpre,
es should be kept as short as possible te avoid the thawing of samples.

Major tem
retrieval ti

Temperatulre shifts occurring that accidentally may have thawed the specimen(s) or sample(s) t¢ be
processed pr to be further stored, shall be documented.

Back-up cryo-storage facilities should-be provided.

The storage position, storage temperature, time and date of the retrieval of any specimen or sample
from the sforage system shallbe-documented.

6.5 Isolation of total'\protein

6.5.1 Gelneral

A histopathological characterization of the cellular composition and disease condition of the specifen
or sample |shall be performed (e.g. on hematoxylin sections) according to an internationally defined
histopathological classification (e.g. WHO/IARC Classification of Tumours[14]). 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.

The specimen or sample shall not thaw before its homogenous dispersion in lysis buffers containing
suitable substances inhibiting degradation or modification of proteins, such as inhibitors for proteases,
kinases, or phosphatases. The specimen and/or sample shall be thoroughly minced in its frozen state
and thoroughly dispersed with lysis buffers containing the previously mentioned inhibiting substances.
The homogenization of the frozen specimen or sample in the lysis buffer shall therefore be processed
immediately after having introduced the tissue into the lysis buffer.

In case, that the processed specimen or sample contains freezing medium, this shall be documented.
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All tools, such as forceps, used to manipulate the frozen sample for homogenization or cryo-sectioning
or transferring into the lysis buffer shall be clean to minimize contamination with protease, kinase, or
phosphatases and should be cooled to at least -20 °C before use. Histotechnologists shall wear gloves.
The relevant parts of the microtome, including the reusable blade, shall be cleaned after the cutting
of each frozen tissue specimen/sample. The use of new disposable blades on the microtome should be
considered to avoid cross-contaminations.

If there is doubt in the correct identification of the specimen or sample, an identification verification
test shall be performed.

The isolation of protein is a key step in the diagnostic workflow, which shall be especially focused on

dur]

6.5
Wh

manufacturer’s instructions for use shall be followed.

6.5

6.5
as d

6.5

ing the validation of the entire workflow.

2 Using commercial kits

bre  using commercial kits dedicated to the isolation of protein fromxfrozen t

3 Using the laboratories own protocols

efined by the user, instructions shall be written and followed:

3.2 If the laboratory uses its own protocol independently from a commercial Kkit, the

ssues, the

3.1 Ifacommercial kit is not used in accordance to its intended use, but is validated fit for purpose

validation

denponstrating that it is fit for purpose shall be done and‘instructions shall be written and followed.

Thd
be
tog

6.6

The
inst
che
con

Suc

techniques, dependingon the specific examination:

a)

b)

use of products from different manufacturerss\¢can compromise results as the produc
fompatible. They should be used for diagngstic testing only if the components have 4
ether and validated to work satisfactorily.

Quantity and quality assessment of isolated proteins

ructions, or where providér's’ instructions are not available, by generally accepte
mical or biochemical prgcedures (e.g. Western blot[13], Bradford assay[16]), and/or 1
frols as part of the examination.

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

Sodium Dedécyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE) and Coomag
silver stainiing;

Capillary electrophoresis;

s may not
een tested

protein quality and quantity, should be checked according to the diagnostic kit manufacturer's

| physical,
by suitable

following

sie blue or

c)
d)

Mass Qpprfrnmpfrv-

Western blot (e.g. beta-actin).

Determining total protein concentration may include one or more of the following techniques,

dep

a)
b)

c)

©IS

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

Lowry assay.

02018 - All rights reserved
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6.7 Stor

age of isolated total protein

The protein isolation kit provider's specific instructions for storing the isolated protein should be
followed. Where the examination provider’s instructions are more stringent, these shall be followed.

If there is no information available from the protein isolation kit provider or if the laboratories’
own validated total protein isolation procedures are used, the isolated proteins should be assayed
immediately. Where the protein cannot be assayed immediately, the laboratory shall have verified
procedures in place on how to store the isolated protein.

NOTE 1
circumstan

Storage for

For long-te

Storage in solution on wet-ice for a short period of time (i.e. 2 h) can be appropriate in certain

Ces.
long-term purposes (i.e. for several years) should be at <-70 °C.

rm storage, aliquots of the isolated protein should be generated to avoid repeated free

ring

and thawing. The aliquots should not be further diluted to avoid a reduction of the protein stabillity.

Avoid mor¢
several yed

NOTE2 J
concentrati
to protein.

Unintende
should be
or even inj
evaporatio

For long-te|
vessel cont

Traceabilit]
storage ves

12

b than two freeze-thaw cycles, use aliquots instead. If lyophilized, proteins‘can be stored
rs at4 °Cor -20 °C.

rotein stability is affected by numerous factors, including freezé/thaw cycles, pH, prd
bn, salt conditions and others. Optimal conditions for storing specific fproteins can vary from prg

l freeze-drying of the isolated protein during long-ternmstorage due to water evapora
hvoided as protein can degrade and the recovery from the storage vessel can be diffi
possible. Therefore, appropriate storage vessels, such as cryogenic vials, avoiding w
I during long-term storage should be used, and thé’type and cap should be documented.

'm storage, a validated process should be in place to organize and uniquely mark the stof
aining the isolated protein or aliquots deriyeéd therefrom.

y shall be ensured, e.g., by the use ofireadable RFID, 1D- or 2D-barcodes or pre-prif
sels with unique codes provided by-mmanufacturers suitable for low storage temperature

for

tein
tein

Fion
cult
hter

age

ted

N
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Annex A
(informative)

Quantitative protein examination demonstrates changes of

protein amounts during cold ischemiav

files are being used to develop targeted therapies directed against deregulated signallin
ancer patients. However, knowledge of the impact of pre-examination.ariations, such
b to tissue freezing, on protein and phosphoprotein changes is very limitéd.

results of this study give insights into the inter-patient variability as well as the fluc
Lein and phosphoprotein profiles in clinical tissue samples during the pre-examinat
g human intestine and liver tissues as examples the data gfthis experimental work, as
w, clearly show that there is a need to standardize the collection of frozen tissu
Kequent isolation and storage of proteins and phosphoproteins before the quantitatiy
5 standardization process includes the documentationyof warm and cold ischemia durat
results for warm ischemia are reported elsewhere (see further reading), the data s
cate that cold ischemia duration has an influence on protein profiles. Thus, there is
to variations in warm and cold ischemia ditirations and other pre-examination para
mination may be unreliable and meaningful‘biomarkers for treatment of patients may be
rpreted wrongly.

Example

.1 General

han intestine and liver ‘tissues were used in a time course experiment to assess the i
onged cold ischemia-on the amounts of proteins and phosphoproteins in the specim
zing. The data gevedled that the protein and phosphoprotein amounts changed before
stabilized by ffeezing.

se changes’varied between different patients and tissue types. For example, up re
spho-p42/44 mitogen activated protein kinase (MAPK) in intestine samples was se¢
ents \but not in others. This pronounced inter-patient variability prevented the rec

sphorylation and dephosphorylation are key mechanisms of intra- and dntercellyilar signal
tramsduction and reflect the activation status of a cell. The identification of spegific phos

phoprotein
b pathways
as delayed

tuations of
ion phase.
described
bs and the
e analysis.
ons. While
hown here
a risk that
meters the
b missed or

hfluence of
ens before
the tissues

bulation of
n in some
gnition of
1, amounts

of a

eral trends within a patient cohort for up- or down-regulation of most proteins. Howevg

baseline in

the post-resection samples from most patients'. In contrat, amounts of glyceraldehyde 3-phosphate

dehydrogenase (GAPDH) and -actin were found to be stable during prolonged cold ischemia times.

A2

A.2.

.2 Experimental procedures

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 (t2) is defined as warm ischemia (1). The time
between surgical resection and freezing, typically the transport time (2) to the pathology laboratory, is

1) Research by the EU FP7 SPIDIA project funded by the European Union Seventh Framework Programme
[FP7/2007-2013] under grant agreement no 222916. For further information see www.spidia.eu.
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