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Introduction

Biospecimens from a healthy population are required for method validation, the definition of reference ranges, the production
of quality control materials and for controls in case-control research studies. We describe how an ongoing collaboration

between IBBL and the ZithaKlinik has implemented a prospective collection of (blood) clinical samples from a healthy

population, serving multiple scientific purposes.

The ZithaKlinik is one of the Hospitals Robert Schuman focused on medicine and surgery for adults, and employing
110 medical specialists.
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Background: This article is part of a series of publications providing formal method validation for biospecimen
processing in the context of accreditation in laboratories and biobanks. We report the optimization and vali- Background: This article is the fifth in a series of publications providing formal method validation for bio-
dation for fitness-for-purpose of automated and manual protocols for isolating peripheral blood mononuclear specimen processing. We report the optimization and validation of methodology to obtain nucleic acids of

cells (PBMCs) from whole blood, and compare the two methods. Background: Formal method validation for biospecimen processing in the context of accreditation in labora- sufficient quantity and quality from blood.

L] L]
D eﬁ n Itl 0 n Of refe re n Ce ra n g es Methods: The manual method was optimized for whole blood centrifugation speed, gradient type (Ficoll, tories and biobanks is Iacking. Serum and plasma processing protocols were validated for fitness-for-purpose in Methods: DNA was extracted using the Chemagic DNA Blood Kit on an MSM I. Extraction was optimized in
Leucosep, CPT), and freezing method (Mr Frosty, Controlled Rate Freezing). Various parameters of the terms of key downstream endpoints, and this article demonstrates methodology for biospecimen processing terms of blood volume, elution buffer volume, and lysis conditions. The optimal protocol was validated for

automated protocol using a CPT gradient on a Tecan liquid handler were optimized. Optimal protocols were method validation. reproducibility, robustness (delay to buffy coat extraction, blood vs. buffy coat, and use of a magnetic rack), and
validated in parallel for reproducibility and robustness. Optimization and validation were assessed in terms of Methods: Serum and plasma preparation from human blood was optimized for centrifugation conditions performance (yield, purity, and concentration). RNA was extracted using a PAXgene Blood miRNA kit with a
. . . . . cell yield, viability, recovery, white blood cell (WBC) subpopulation distribution, gene expression, and lym- with respect to microparticle counts. Optimal protocols were validated for methodology and reproducibility QiaCube. The protocol was validated for reproducibility, robustness (elution buffer, delay, and temperature
When new biomarkers have been identified and validated, reference ranges need to be established that correspond as closely ploblastld ol Ine .CL) Tnstomaton st o ‘ e o ccepne ey e on ol ot DA o hemoglon, conenaton, bfors excion, o pefomine ild,priy. iy, and mRNA coten. oo laoms (QaCabe
’ Results: An initial centrifugation of whole blood at 2000 g was considered optimal for further processing, metabolomic and proteomic profiles. These parameters were also used to evaluate robustness for centrifu- Biorobot Universal) were further compared.
allowing isolation of plasma and PBMCs from a single sample. The three gradients gave similar outcomes in tion ture (4°C t t RTY). deceleration (I " fii d blood stabili Results: For DNA extraction, a 4 mL blood sample, manual lysis, and 300 uL elution buffer were found to be
terms of cell yield, viability, and WBC subpopulation distribution. Ficoll showed some advantages and was (g:f:;nae;} ]ll)s:;? d;ella(y) FARESED ERELISTR SIS [0TSR SR RSN, MISK] RSSRERIIAR reproducible (CV <10% for DNA yield and A260nm/A280 nm ratio) and robust (buffy coat vs. whole blood;
. . . . . oo, o . . 3 selected for further evaluations. Optimization of the automated protocol script using a CPT gradient gave 61% Results: Optimal protocols were 10-min centrifugation for serum and 20-min for plasma at 2000 g, medium immediate processing of buffy coat after lysis vs. storage for 1 week at 2-8°C; and magnetic rack use). There
a S p 0 SS I b | e tO th e a CtU a I p 0 p U | atl 0 n reﬂ e Ctl n g t h e I n h e re nt Va rl a b I I Itl es I n th e a n a I U te CO n Ce ntratl 0 n th at 0 CC U r Ove r tl I I l e a n d cell recovery. No mgn.}ﬁcant differences in quality, quantity, and WBC subpopulation distribution were seen brake, RT. Methodology and reproducibility acceptance criteria were met for both protocols except for re- was no differenw.between automatf:d and manual‘ l)lrs.lsA RNA extracted Wlﬂl‘ﬂle PAXgene ‘Blooq miRNA klt‘Oﬂ
’ between the two freezing methods, and Mr. Frosty was selected. The manual and automated protocols were producibility of plasma metabolomics. Overall, neither protocol was robust for centrifugation at 4°C versus RT. a QiaCube gave high yields and optimal reproducibility (low CV for RNA yield and integrity) with BRS elution
reproducible in terms of quantity, recovery, viability, WBC subpopulation distribution, gene expression, and RT gave higher microparticles and free DNA ;/ields in serum, and fewer microparticles with less hemolysis . buffer (vs. water and TE). PAXgene tubes could be stored for up to 2 weeks at 2—-8°C. The Biorobot Universal
LCL transformation. Most (75%-100%) of the 13 robustness parameters were accepted for both methods with plasma. Overall, both protocols were robust for fast mediu}n sl 16w Jdecelsiation. “witlt 4 fisdi biaks System gave similar mean RNA yields with Qiacube and slightly lower but acceptable purity.
an 8h pre-centrifugation delay versus 38%-85% after 24 h. Differences identified between the automated and . i’ 1 4 Conclusions: We validated automated isolation of DNA with a Chemagic DNA Blood Kit on a magnetic bead-

m m 1 1 ? g considered optimal. Pre-centrifugation stability after a 2-hour delay was seen at both temperatures for hemo- L v : o /
a Cro SS e CO U n I U g a g e ’ Sex , e C_ o I g o manual methods were not considered consequential. globin concentration and proteomics, but not for microparticle counts. based MSM I, and of RNA with a PAXgene Blood miRNA kit on a silica membrane-based QiaCube or

Conclusions: We validated the first fully automated method for isolating viable PBMCs, including RNA Conclusions: We validated serum and plasma collection methods suitable for downstream protein, metabolite. Biorobot (for low and high throughput, respectively).

analysis and generation of LCLs. We recommend processing within 8h of blood collection. or free nucleic acid-based applications. Temperature and pre-centrifugation delay can influence analytic results,
and laboratories and biobanks should systematically record these conditions in the scope of accreditation.

We have defined the reference ranges for sCD40L in serum and plasma. Definition of these reference ranges was necessary s e sy ing s o enicston o BUR T R O R T

) clinically relevant biomarkers. Examples include lympém- PTIMIZATION AND VALIDATION of biospecimen pro- dies, gene array analyses, including DNA methylation (chips,
E Pl:lliSENT HERE THE F%URT?C‘I;\TAA sm}mﬁ of angcles cytcAsubset-speAmﬁc ge7nc expression signatures 1¥1 canqer or ARG Has We present the first in a series of cessing methods foT downstream .:apphcauons are im-  beads), compa.ratjve genom; hybridization (CGH) arrays,
. . . . . . on the optimization and validation o Amspleglmen autoimmune diseases, lymphocgta subset-specific miRNA ALIDATION OF BIGSPECIMEN PROCESSING METHODS al-  biospecimen processing method validations, including urine portant aspects of quality assurance in all research and and next generation sequencing (NGS). Downstream RNA
f h I f h k f | I I f h | 4 processing miothods fur downstream -applications:™ For - signattes i multipls sclerosts,” or T, gell subsetspenific lows for characterization of the method’s reproducibil- ~ collection, peripheral blood mononuclear cZ&ll isolation, nu- cliagntstics: Byrbisbanks, this i3 Paritularly WROGIGNE M applititibnkiiclnds GRI-BCR, RN seffiEnding, dfdjgbne
0 r e Va I a I 0 n 0 IS I 0 m a r e r 0 p re a n a I Ca q U a I 0 U m a n Se r U m a n p as m a 5 biobanks, this is an important aspect of quality assurance, flow cytometric signatures in Parkinson’s disease.” Viable : =% i U DR R ? e the context of automated handling, and i normative  expression arrays. Obtaining nucleic acids of sufficient
. P 7 . . . o ity, robustness, and sample stability, and plays an important cleic acid extraction from stools, and nucleic acid and protein : e 1 s i 5 : 2

particularly in the context of automated handling, a;ld isa PBMCs are sorted for specific subpopulations, via im- requirement for accreditation.”* Optimizaf and valida-  quantity and quality has far-reaching consequences.
normative requirement for biobank accreditation®® Opti- munomagnetic sorting to obtain purified monocyte and tion are based on fitness for purpose, col To be technically useful i iobanking context, isolated
mization and validation are based on fitness-for-purpose, lymphocyte populations,'® and are used for functional cessing efficiency, reproducibility, and robustness. Here, we  nucleic acids need to be available in adequate quantities and
collection and processing efficiency, reproducibility, and studies,!? immunophenotyping,'® establishment of lympho- present the optimization and validation of nucle; - quality in terms of purity (absence of inhibitors of down-
robustness. blastoid cell lines (LCL),'> and purification of CD34+ traction methodology from whole blood, the fifth in a series  stream assays) and integrity (absence of degradation).
Peripheral blood mononuclear cells (PBMCs), blood cells  cells."* Functional assays for monitoring immune responses of biospecimen processing method validations.>™ Valida- Quantity and purity are measured spectrophotometrically.
with a rounded nucleus, include a diverse population of cells  are often used in vaccine development. v o n 3 e tion of cell-free nucleic acid extraction from biological —Purity of DNA and RNA can be measured in terms of the
participating in the body’s immune defense, notably lym- Different white blood cell (WBC) types can be identified S (SFS of reproduc;blhty O ISR Irofid MRPIE, Gt aid bxon}arlser regearch: SARIIEY are Bsed il brpad fluids will be presented in a separate manuscript. A260nm/A280nm absorbance ratio according to the Beer—

& % i A 3 i robustness of results from differently processed samples, and  range of applications including proteomics, metabolomics, N I L n B .
° . . phocytes (T cells, B cells, and natural killer cells), mono-  on the basis of their expression of CD antigens. CD45 is the sample stability. In addition, biospecimen processing method  and circulating nucleic acid analysis. Biobanks routinely Blood-purified nucleic acid analysis is a fundamental tool Lambert law, which takes into account protein and other
P ro d U Ctl 0 n of U a I It Co n t ro I m ate rl a I S cytes, and dendritic cells. PBMCs can be used for a broad most widely expressed antigen and is found on all WBCs. P i ? P 2 2 e for almost all biomedical research, as well as for diagnostics ~ contaminants in the sample.” A ratio of 1.8 is considered to
range of downstream applications. Sorted PBMC subpopu- CD3, CD14, and CD15 are characteristic of T lymphocytes, and patient monitoring. Downstream DNA applications cover  reflect “‘pure”” DNA or RNA. Ratios appreciably below this
d BioBank of L bourg (IBBL), Luxembourg.
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Internal quality control materials are needed in order to monitor the performance of analytical methods in 1 1 1

Introduction validation has become a normative requirement for biobank

role in the context of quality assurance, accreditation, and extraction from formalin-fixed paraffin-embedded tissue.
biomarker development. Published validated methods elim-  The purpose of this series is to not only provide methodology
inate the need for individuals to establish the conditions, references for biospecimen processing, but also to propose
saving time and resources. A fit-for-purpose method reflects  methodology for the development of validation plans in the
not only its feasibility, but also, and most importantly, the area of biospecimen processing.

reliability of the analytical results. Reliability can be mea- Serum and plasma sample preparation is integral to clinical

the laboratory. DNA, RNA, serum and plasma have been produced, their homogeneity and stability have been assessed.
They have been implemented and are being used to help us follow the performance of our analytical methods with Levey Fig.1 Examples of scientific publications referring to processing method validation™
Jennings charts (Fig.3), in assays such as hemoglobin measurement in plasma, sCD40L in serum, DNA quantification, RNA
quantification.

In-process quality control materials are also needed in order to compare and/or monitor the efficiency of processing methods.
Plasma has been provided to the CANCERID consortium (supported by the Innovative Medicines Initiative Joint Undertaking
under grant agreement n® 115749, resources of which are composed of financial contribution from the European Union’s
Seventh Framework Programme (FP7/2007-2013) and EFPIA companies’ in kind contribution), in the context of the

comparison between different methods of extraction of cfDNA and of circulating miRNA.

Procurement of controls in case-control research studies
In case-control studies, the research community requires controls that have been collected and processed_.during the same

period of time and using the same protocols as the disease cases that are being studied. Plasma controls hé'ye been provided

to researchers from LIH for the validation of proteomic biomarkers of lung cancer.®
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Conclusions
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reference ranges for new biomarkers, and to provide reliable controls to end users conducting research in particular disease

Fig.3 DNA quantification by spectrophotometry
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