Use of whole blood for analysis of disease-associated biomarkers

Jennifer E. May', Roy M. Pemberton’, John P. Hart", Julie McLeod" Gordon Wilcock® and Olena

Doran'

'Centre for Research in Biosciences, University of the West of England, Coldharbour Lane, Frenchay,

Bristol, BS16 1QY, UK

2Optima Project, University of Oxford, John Radcliffe Hospital, Headington, Oxford, OX3 9DU, UK

Short title: Use of whole blood for biomarker analysis

Corresponding Author:

Jennifer May, Centre for Research in Biosciences, University of the West of England, Coldharbour

Lane, Frenchay, Bristol, BS16 1QY, UK. Tel: 0117 328 2336 Email:jennifer2.may@uwe.ac.uk

AD — Alzheimer’s disease, cCD25 — cellular CD25 protein, MFI — median fluorescence intensity, MNC —
mononuclear cells, PHA - phytohemagglutinin, POC — point-of-care, sCD25 — soluble CD25 protein, WB — whole
blood


mailto:jennifer2.may@uwe.ac.uk

Abstract:

Analyses for diagnosis and monitoring of pathological conditions often rely on blood samples, partly
due to relative ease of collection. However, many interfering substances largely preclude use of
whole blood itself, necessitating separation of plasma or serum. We present a feasibility study
demonstrating potential use of fresh or frozen whole blood to detect soluble biomarkers using an
ELISA-based method. Good correlation between levels of soluble CD25 in plasma and whole blood of
healthy individuals or Alzheimer’s patients was established. These results provide a basis for
development of a novel biosensor approach for disease-associated biomarker detection in whole

blood.
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Introduction:

Blood is a commonly used biological specimen for diagnosis and monitoring of disease processes,
however, the vast majority of analyses performed on blood are conducted only on the plasma or
serum fraction, thus requiring separation steps, which can require specialist equipment and be time-
consuming, increasing cost. Most routine laboratory analyses utilise either plasma or serum [1], as

do many tests for specific pathologies such as malignancy-associated biomarkers [2].

Whole Blood (WB) is a more attractive option for rapid point-of-care (POC) testing, completely
removing preparatory steps. However, WB is a highly complex sample, with many potentially
interfering factors. Available biosensing systems utilising WB are very limited in comparison to
sample types such as plasma, therefore presenting a rapidly developing and potential new approach
for biosensing technologies. Only a few examples of POC tests utilise WB, mostly for analysis of
erythrocyte-related parameters such as haemoglobin [3]. One commonly used WB biosensor is
blood glucose monitoring, where POC tests routinely require just a finger-prick of blood, and show

excellent correlation between plasma and WB glucose levels [4].

Additionally, whilst some POC tests such as cardiac troponin detection can be performed on WB
these are generally less sensitive than laboratory methods (typically performed on serum), with
studies indicating need for confirmation using standard methods and therefore mainly useful for

exclusion purposes [5].

‘Lab-on-a-chip’ technologies have recently begun to show promise by incorporating steps to
separate plasma or serum fractions prior to analysis [6]. There remains a need to develop novel
technology for POC testing utilising WB, with potential application in settings such as emergency
departments, GP surgeries and areas with limited healthcare facilities. Additionally, ability to use WB

frozen without preparatory or protective stages would be beneficial for batch-testing.
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We describe a method for analysis of a disease-associated biomarker using frozen WB. CD25 was
selected as a representative biomarker for initial method development, as it is found to be

increased on activated MNC in Alzheimer’s disease (AD) against age-matched cohorts (our
unpublished data) and [7]. Currently, despite extensive research into AD biomarkers there is still no
robust blood-based diagnostic biosensor available. Most of the available methods involve invasive
sampling such as cerebrospinal fluid (CSF) [8], hence there is increasing need to develop methods for
blood-based analysis of potential biomarkers for AD. Whilst CD25 was utilised for this feasibility
study, it is important to highlight that this approach could be used for any soluble blood-based

biomarker and thus may have wide future applications.

Aim:
To compare the use of fresh or frozen WB as an alternative to plasma for analysis of disease-

associated biomarkers, as a possible basis for development of biosensing systems using WB.

Methods:

Reagents were from Sigma-Aldrich (Dorset, UK) unless stated otherwise.

Blood Samples:
Two sets of samples were utilised: (i) fresh and frozen WB samples from healthy volunteers and (ii)

frozen WB and plasma samples from AD and healthy individuals.

WB samples were obtained from 13 healthy consenting volunteers (age range 25-51 years) at the

University of the West of England, Bristol with Faculty Research Ethics Committee approval.

WB and plasma samples were obtained from the OPTIMA Biobank (John Radcliffe Hospital, Oxford)
with prior donor consent and National Research Ethics Committee approval (10 samples from

patients with a conclusive AD diagnosis post-mortem and 10 from age-matched healthy controls).
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Isolation and stimulation of MNC from healthy volunteer samples:

Mononuclear cells (MNC) were isolated by density centrifugation, by layering WB onto an equal
volume of lymphoprep (Axis-Shield, Cambridgeshire, UK) and centrifuging at 600xg for 30mins. The
buffy coat was harvested, washed, and MNC seeded in RPMI (Lonza, Suffolk, UK) supplemented with
10% foetal calf serum (Lonza), 2mM L-glutamine, 100U/ml penicillin and 0.1mg/ml streptomycin, in
24-well culture plates at 1x10° cells/ml. MNC were stimulated with 5ug/ml phytohemagglutinin

(PHA) over 3 days.

Flow cytometry analysis:

MNC (1x10°) were stained with CD25 primary antibody (Caltag-Medsystems) for 30mins at 4°C,
followed by addition of anti-mouse FITC-conjugated secondary antibody for 30mins at 4°C. Analysis
used an Accuri C6 flow cytometer, measuring median fluorescence intensity (MFI) relative to a
secondary antibody only background control. Cells were gated to exclude debris and dead cells, with

10,000 gated events analysed.

CD25 ELISA

Expression of MNC cellular CD25 (cCD25) has been reported to be proportional to soluble CD25
(sCD25) due to proteolytic cleavage of transmembrane CD25 [9]. This correlation was confirmed in
our laboratory using 6 healthy blood donors. cCD25 expression of PHA-stimulated MNC was
analysed using flow cytometry as previously described. Soluble CD25 (sCD25) levels in plasma from
the same samples was analysed using a sCD25 (IL2Ra) human ELISA kit (Abnova, Taiwan) according
to the manufacturers’ instructions. Briefly, 50ul biotinylated anti-CD25 antibody was added to the
pre-coated microtitre plate. Samples were diluted 1/2 and 1/5, 100ul added, and incubated for 1h
(all incubations at room temperature). After 5 washes, avidin conjugate was added (100ul), mixed
and incubated for 1h. After washing, substrate solution (100ul) was added for 15mins, before adding
stop solution (100ul) to the substrate solution already in the well and Optical Density measured at

450nm within 30mins, using a microplate reader (Anthos Labtec, Cambridge, UK). Standards of
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known CD25 concentrations (doubling dilutions from 2000pg/ml-62.5pg/ml) were also analysed,

allowing CD25 concentration estimation within blood samples.

Plasma samples from AD patients and age-matched controls were analysed for sCD25 expression
using the same sCD25 ELISA kit, in duplicate, at two different dilutions. Frozen WB samples from the
same individuals were also obtained, sonicated for 10mins, and then similarly analysed directly for

sCD25 without any preparatory steps.

Statistical Analysis

All data are presented as mean + SE unless stated otherwise. Statistical analyses utilised paired t-

tests, with p<0.05 considered significant.

Results:
Initially fresh blood samples from young healthy donors were used to confirm highly significant

upregulation of cCD25 expression following PHA stimulation as a validation step only (Figure 1A and

B) (p<0.001).

Due to proteolytic cleavage of transmembrane CD25, sCD25 reportedly correlates with cCD25 (R®
0.929) [9], and therefore, would be a viable approach to analyse plasma or WB rather than isolation

of MNC to analyse cCD25. This correlation was also confirmed in our laboratory (Figure 1C).
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Figure 1 - (A) MNC CD25 expression following 3day PHA stimulation. MeanzSE of cells staining positively for CD25
presented, from 12 healthy individuals. (B) Representative flow cytometry histogram plot of one sample, showing
upregulation of CD25 expression (FL-1) after stimulation. Unstimulated cells (black), stimulated cells (grey). (C)
Correlation between cCD25 on stimulated MNC by flow cytometry analysis in comparison to sCD25 in plasma measured
by ELISA, in healthy blood donors (n=6). MFI = median fluorescence intensity, used to indicate number of antigen sites
per cell.

Following confirmation of this correlation, sCD25 was subsequently measured directly in frozen
samples from AD patients and age-matched controls, where analysis of cCD25 was impractical.
Initially sCD25 in plasma was analysed in both cohorts, with detectable levels in all individuals (AD
patients range 331-2472pg/ml, controls 423-2197pg/ml). Analysis of sCD25 in WB from the same
individuals was also performed, with detectable levels in all samples (AD patients range 550-

2194pg/ml, controls 573-2243pg/ml).
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Importantly, very good correlation was seen between sCD25 in plasma and WB (AD patients R* 0.78,
controls R* 0.80), indicating potential use of WB for detection of soluble blood biomarkers as an

alternative to plasma (Figure 2).
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Figure 2 — Correlation between sCD25 in whole blood and plasma in AD patients and healthy age-matched controls
(n=10 per group).

Generally, lower values for sCD25 were detected in plasma (p>0.05), with mean values of
1170+188pg/ml and 1316+182pg/ml measured in AD and age-matched controls respectively. In
comparison, WB levels were 1217+153pg/ml and 1336+139pg/ml in AD and controls respectively,
representing an increase of 4% in AD patients compared to plasma levels, and a difference of only

1% in healthy controls between sample types.

The sCD25 ELISA method proved very sensitive, with standards detected as low as 62.5pg/ml; and a

broad concentration range measurable in frozen samples (331pg/ml to 2472pg/ml).

Discussion:

Consistent detection of sCD25 in all samples indicates that ELISA measurement of this marker is a
robust approach for measuring soluble blood biomarkers, even within a highly complex sample.

Good correlation between sCD25 levels in plasma and WB provides proof of concept for rapid
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detection of markers in WB without preparatory steps. WB is relatively easy to obtain (potentially
requiring only a finger-prick) and less invasive than samples such as CSF currently used in AD
diagnosis. Additionally, good correlation between WB and plasma was seen in previously frozen

samples, highlighting potential use of samples frozen without preparation.

The results presented illustrate the potential for this method in detecting soluble markers; however
CD25 did not show a significant difference between AD and healthy cohorts. Previous work
identified a difference between control and AD MNC only following activation (unpublished results)
[7] but not in unstimulated cells, thus in agreement with the current study. It is also acknowledged
that the stage at which the samples are taken may affect differential expression levels in AD and
control samples as differences are reported to be enhanced at later stages of the disease [7]. Whilst
the marker used for development purposes in this study does not currently provide evidence of
usefulness as a biomarker for AD, the approach used for the interrogation of biomarkers generally in

WB is potentially widely applicable.

The ELISA-based approach showed good detection limits, but requires considerable hands-on time,
substantial cost, and is less amenable to high-throughput testing. Bio-sensing technology, for
example an electrochemical approach such as that used by diabetics for glucose monitoring using
WB [10, 11] could offer a rapid, low cost alternative. An electrochemical method incorporating an
antibody immobilised onto a screen-printed carbon electrode has been developed by our group for
detection of picomolar concentrations of estradiol [12] and could be adapted for measurement of
soluble markers in WB. There is potential to develop a multiplex system, enabling simultaneous
detection of a panel of biomarkers. A recent study by O’Bryant et al., employed this approach to
interrogate altered serum proteins as a potential AD screening tool [13], and exhibited excellent
results at distinguishing an inflammatory phenotype. Similar approaches utilising WB would remove

preparatory steps, with potential cost and time benefits, and enhanced POC suitability.
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Summary:

In conclusion, the immunoassay antibody-based method reported showed strong positive
correlation between CD25 levels in plasma and WB, demonstrating feasibility for analysis of disease-
associated biomarkers in WB. This has potential for further development towards a screen-printed
electrochemical biosensor approach for fresh and frozen WB, with advantages including improved
sensitivity, low-cost and applicability to POC testing. Future work will include evaluation of WB for
suitability to detect other soluble blood-based biomarkers, which may have wide application for a

range of pathologies.

Acknowledgements:
The authors are very grateful to Sharon Christie, Donald Warden and the OPTIMA Biobank,

University of Oxford, for provision of AD and control blood samples.

References:

[1] Pathology Services Handbook v3.2.1 (Sept 2011) pp 31-37, St Georges Healthcare NHS Trust.

Available from http://www.stgeorges.nhs.uk/docs/pathology/handbook.pdf [Accessed 15/10/12]

[2] H. Kobayashi, H. Ooi, Y. Yamada, M. Sakata, R. Kawaguchi, S. Kanayama, K. Sumimoto and T.
Terao, Serum CA125 level before the development of ovarian cancer, Int. J. Gynecol. Obstet. (2007)

99:95-99.

[3] M. Hsieh, T. Wu, C. Su, W. Cheng, N. Ozbek, K. Tsai and C. Lin, Comparison of an electrochemical
biosensor with optical devices for hemaglobin measurement in human whole blood samples. Clin.

Chim. Acta. (2011) 412:2150:2156.

[4] B. Nowotny, P.J. Nowotny, K. Strassburger and M. Roden, Precision and accuracy of blood glucose

measurements using three different instruments, Diabetic Med. (2012) 29:260-265.

AD — Alzheimer’s disease, cCD25 — cellular CD25 protein, MFI — median fluorescence intensity, MNC —
mononuclear cells, PHA - phytohemagglutinin, POC — point-of-care, sCD25 — soluble CD25 protein, WB — whole
blood


http://www.stgeorges.nhs.uk/docs/pathology/handbook.pdf

11

[5] R. Bingisser, C. Cairns, M. Christ, P. Hausfater, B. Lindahl, J. Mair, M Panteghini, C. Price and P.
Venge, Cardiac troponin: a critical review of the case for point-of-care testing in the ED, Am. J.

Emerg. Med. (2012) [Online ahead of print] Accessed 19/06/12.

[6] G. Zhang, Z.H.H. Luo, M.J. Huang, J.J. Ang, T.G. Kang and H. Ji, An integrated chip for rapid,
sensitive, and multiplexed detection of cardiac biomarkers from fingerprick blood, Biosens.

Bioelectron. (2011) 28:459-463.

[7] V.R. Lombardi, M. Garcia, L. Rey and R. Cacabelos, Characterization of cytokine production,
screening of lymphocyte subset patterns and in vitro apoptosis in healthy and Alzheimer’s Disease

(AD) individuals, J. Neuroimmunol. (1999) 97(1-2):163-171.

[8] R. Mayeux and N. Schupf, Blood-based biomarkers for Alzheimer’s disease: plasma AB40 and

AB42, and genetic variants, Neurobiol. Aging. (2011) 32:510-19.

[9] K.N. Lai, J.C.K Leung and F.M Lai, Soluble interleukin 2 receptor release, interleukin 2 production,
and interleukin 2 receptor expression in activated T-lymphocytes in vitro, Pathology. (1991) 23:224-

228.

[10] D.R. Matthews, E. Bown, A. Watson, R.R. Holman, J. Steemson, S. Hughes and D. Scott, Pen-

sized digital 30-second blood glucose meter. Lancet 1 (1987) 778-779.

[11] S. Borgmann, A. Schulte, S. Neugebauer and W. Schuhmann (2011). Amperometric biosensors.
In: R.C. Alkire, D.M. Kold, J. Lipowski. Advances in Electrochemical Science and Engineering. Wiley-

VCH Verlag GmbH & Co. KGaA, Weinheim, pp. 1-61.

[12] R.M. Pemberton, T.T. Mottram and J.P. Hart, Development of a screen-printed carbon
electrochemical immunosensor for picomolar concentrations of estradiol in human serum extracts,

J. Biochem. Biophys. Meth. (2005) 63:201-212.

AD — Alzheimer’s disease, cCD25 — cellular CD25 protein, MFI — median fluorescence intensity, MNC —
mononuclear cells, PHA - phytohemagglutinin, POC — point-of-care, sCD25 — soluble CD25 protein, WB — whole
blood



12

[13] S.E. O’Bryant, G. Xiao, R. Barber, J. Reisch, R. Doody, T. Fairchild, P. Adams, S. Waring and R.
Diaz-Arrastia, A Serum Protein-Based Algorithm for the Detection of Alzheimer’s Disease, Arch.

Neurol. (2010) 67(9):1077-1081.

AD — Alzheimer’s disease, cCD25 — cellular CD25 protein, MFI — median fluorescence intensity, MNC —
mononuclear cells, PHA - phytohemagglutinin, POC — point-of-care, sCD25 — soluble CD25 protein, WB — whole
blood



