10

11

12

13

14

15

16

17

18

19

20

21

Determination of the Low-Abundant Protein
Biomarker hCG from Dried Matrix Spots using
Immunocapture and Nano Liquid Chromatography
Mass Spectrometry

Cecilie Rosting, Elin Vyvy Tran, Astrid Gjelstad and Trine Grgnhaug Halvorsen
Department of Pharmaceutical Chemistry, School of Pharmacy, University of Oslo, P.O. Box 1068
Blindern, 0316 Oslo, Norway
e-mail: Cecilie Rosting: Cecilie.rosting@farmasi.uio.no, Elin Vyvy Tran: elinvyvytran@gmail.com,

Astrid Gjelstad: astrid.gjelstad@farmasi.uio.no, Trine Grgnhaug Halvorsen: trinegha@farmasi.uio.no

Corresponding author:

Trine Grgnhaug Halvorsen

Dept. Pharmaceutical Chemistry
School of Pharmacy

P.O Box 1068 Blindern

0316 Oslo

Norway

Phone: +47 2285 5735

Fax: +47 2285 4402

E-mail: trinegha@farmasi.uio.no



22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

Abstract

Using LC-MS/MS for determination of low-abundance protein biomarkers from dried blood spots is
challenging due to the combination of low biomarker levels (low pM-level) and small sample volumes
(typically less than 50 pL). In the present paper it is demonstrated that use of state-of-the-art nano
liguid chromatography triple quadrupole mass spectrometry in combination with immunoaffinity
sample clean-up enable determination of the low abundance biomarker human chorionic
gonadotropin (hCG) from four different biological matrices (whole blood, serum, plasma and urine)
at its upper reference level (low pM). Detection limits for hCG was determined for all matrices from
both commercially available non-soluble DBS sampling material (DMPK-C) and the water-soluble
material carboxymethyl cellulose (CMC). The detection limits (5/N=3) were ranging from 5.0 IU/L
(14.5 pM; whole blood) to 10.5 IU/L (30.5 pM; urine) for DMPK-C and from 2.1 IU/L (6.1 pM; urine) to
6.4 IU/L (18.6 pM; plasma) for CMC. A brief evaluation was performed for both sampling materials
using serum as matrix resulting in sufficient linearity (r>0.93, range 20-1000 IU/mL (58-2900 pM) for
DMPK-C and 10-1000 IU/mL (29-2900 pM) for CMC), repeatability (RSD%=13-31%) and accuracy (95-
106%). To demonstrate the applicability of the method to real samples, a serum sample from a
patient previously diagnosed with cancer was also analyzed using both sampling materials. The
concentration levels found using the two materials were similar (52804595 IU/L (1531241726 pM,
n=3)) in the DMPK-C spot and 5060+430 IU/L (1467411247 pM, n=3)) in the CMC spot). All in all this
demonstrated that the tools for determination of low abundance biomarkers at upper reference
level from dried matrix spots now is available through a combination of immunoaffinity enrichment

and state-of-the-art LC-MS/MS.

Keywords

nanolLC-MS/MS — bottom-up analysis — immunoaffinity — dried blood spots — low abundance

biomarker
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1. Introduction

Dried blood spot (DBS) sampling has gained increased interest the latest years due to the ease of
sampling and increased stability of most analytes in dried form. Even though the main advantages in
DBS sampling are related to the low invasiveness of drawing blood from a finger or heel, the use of
other biological matrices than whole blood is also of interest. This is mainly due to the increased
storage stability and low sample and storage volume which may be beneficial both in
pharmacokinetic studies using small animals and in control of substances of abuse[1-4]. The term

dried matrix spots (DMS) covers sampling of all the different biological matrices.

Combining DMS with LC-MS based protein analysis has introduced an additional challenge: high
detection limits (LOD) due to the limited dynamic range of the LC-MS and the low DMS sampling
volume[5, 6]. Most work has therefore been done on proteins with reference level (level seen in
healthy individuals) in the nM-range (50-600 nM)[7, 8]. Methods, which provide low LODs of proteins
from micro volumes of biological samples, are therefore needed in order to enable detection of for

instance low-abundance protein markers.

By applying state-the-art LC-MS technology combined with selective sample clean-up (peptide
SISCAPA (Stable Isotope Standards and Capture by Anti-Peptide Antibodies)) and nanoscale LC-
MS/MS Jung et al. recently demonstrated that ATP7B protein could be quantified low pM-levels from
DBS using twenty 3 mm punches (approx. 3.7 plL per disc) of each spot per analysis[9]. It would
therefore be of great interest to evaluate if immunoaffinity clean-up of whole protein together with
nanoLC-MS/MS could provide similar results for other sample matrices and other low abundance

protein markers using only 15 uL of blood spots.

The possibility of matching the reference levels of low abundance biomarkers from DMS could be
demonstrated using any available protein. Human chorionic gonadotropin (hCG) is a low abundance
biomarker with upper reference level in the low pM-range; 3.2-21.5 pM (depending on age, gender

and biological matrix)[10]. hCG-levels is elevated during pregnancy and is used for establishing



72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

pregnancy. hCG-levels are also elevated in certain cancers (e.g. ovarian and testicular cancer), and is
useful to monitor during abnormal pregnancies [10, 11]. In addition, hCG is on WADAs prohibited list
for male athletes and by such interesting to analyze in a doping perspective. Our group has extensive
knowledge on analysis of hCG using the bottom-up principle [12-18]. Due to all this, hCG was chosen

as model biomarker in the present work.

Two papers previously published by our group were used as starting point [13, 18]. The first paper
describes method development for determination of hCG and its variant from serum using LC-SRM-
MS, and the second paper introduces water-soluble material for DBS in protein analysis using hCG as
a model protein. Magnetic bead-based immunoaffinity sample clean-up and microbore LC-SRM-MS
separation and detection were used in both works. hCG could be determined at upper reference
level from 1 mL serum and urine (LOD 5 IU/L (14.5 pM) and 2 IU/L (5.8 pM), respectively) [13] while a

rather high LOD was achieved (100 IU/L (290 pM)) in the DBS work[18].

In the present paper it was investigated if detection of low abundance biomarkers at reference level
was possible from only minute volumes of biological samples using state-of-the-art LC-MS equipment
(i.e. nanoLC-MS/MS) combined with the aforementioned selective sample preparation based on
immunoaffinity. Four different biological matrices: whole blood, serum, plasma and urine were
evaluated. This would make a valuable contribution to the use of DMS in protein analysis since
previously to our knowledge only whole blood has been applied as matrix for targeted protein
analysis. LOD based on a signal-to-noise ratio of three was determined for all four matrices after
spotting 15 plL of sample on two different sampling materials: commercially available cellulose based
material (DMPK-C) and water-soluble carboxymethyl cellulose (CMC) material. In addition, a brief
evaluation of the method performance (linearity, and with-in day repeatability and accuracy) was
performed using serum as spotting matrix. Finally, determination of hCG in a serum sample from a
person diagnosed with testicular cancer was performed to demonstrate the potential use in real

applications.
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2. Materials and methods

2.1  Chemicals

Pregnyl® (hCG) 5000 IU/ampulla was obtained from Organon (Oss, The Netherlands). Tosyl
phenylalanyl chloromethyl ketone (TPCK) treated trypsin =10 000 BAEE IU/mg protein, ammomium
bicarbonate (ABC) 299.5 %, iodoacetic acid (IAA) 298 %, 1,4-dithiothretiol (DTT) 299.5 %, formic acid
(FA) 98 %, trifluoroacetic acid (TFA) 298 %, poly(ethylene glycol) (PEG) 20000 20% (w/v), disodium
phosphate dihydrate (98.5-101.0 %), Trizma® base 299.9 %, Tween® 20, and the internal standard
AQUA peptide (amino acid sequence: VLQGVLPALPQVVCNY[R_13C6_15N4]) were all purchased from
Sigma-Aldrich (St. Louis, MO, U.S.A.). The international reference standard for intact hCG (standard
code 99/688) was obtained from National Institute of Biological Standards (Hertfordshire, UK).
Acetonitrile (MeCN) MS-grade, sodium chloride >299.5 %, potassium chloride 299.5 %, potassium
dihydrogen phosphate >99.5 %, and hydrochloric acid 37% were obtained from Merck (Darmstadt,
Germany).

Human serum and plasma were obtained from healthy volunteers from Oslo University Hospital,
Ullevaal (Oslo, Norway). Whole blood and urine were donated by one person. The whole blood was
collected in BD vacutainer K,EDTA tubes.

Anti-hCG (monoclonal antibody E27) coated on magnetic beads was donated by the Central

Laboratory, Norwegian Radium Hospital, Oslo University Hospital (Oslo, Norway).

2.2 Preparation of standards and spiked solution

Preparation of hCG Stock Solution. A stock solution of Pregnyl-hCG was prepared by dissolving one
ampulla of Pregnyl (5000 IU) in 1 mL of ion-exchanged water. This stock solution was dispensed into
smaller volumes, stored at -32 °C and thawed before dilution in whole blood, plasma, serum, or urine.

All samples were prepared freshly on the day of experiment. The hCG sequence can be found in
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Supplementary material Figure S1 together with sequence of hCG-BT5, the tryptic signature peptide

monitored.

Internal Standard Solution. One ampulla containing 1 nmol peptide was added 20 pL of 10% (v/v) FA
in water to dissolve the peptide. A volume of 180 uL of 0.1% (v/v) FA in water was then added and

the solution was vortexed. This solution served as a stock solution (5 nmol/mL).

Prior to use the cysteine residues on the AQUA peptide were reduced and alkylated in order to have
the same physicochemical properties as the signature peptide (BT5). The reduction and alkylation

was performed as previously described by Lund et al. [13].

Preparation and analytical performance of aqueous reference samples can be found in

Supplementary material.

2.3  hCG denomination

In the clinical environment the common denomination for hCG is IU/L. However to be able to relate
the present work to other proteins, all concentration levels are given in both IU/L and pM. The
conversion is done as described elsewhere[10] where 1 IU (if intact hCG) is described to equal 2.9

pmol.

2.4  Preparation of dried matrix spots (DMS)

Fifteen pL of whole blood, plasma, serum or urine added hCG (spike volume < 1%) was deposited on
FTA® DMPK-C cards (Whatman, Kent, UK) or on a piece of Aquacel™ hydrofiber® (water-soluble
material, CMC) from Convatec (Skillman, NJ, USA). The samples were then dried for at least two
hours in room temperature before punching out the entire spot. The whole spot was exerted in
order to circumvent potential hematocrit effect from the whole blood sample. The spots were
subsequently transferred to a 1.5 mL LoBind protein Eppendorf tube (Eppendorf, Hamburg,

Germany) and added 1 mL of phosphate buffer saline pH 7.4 (PBS). The DMPK-C spots were
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extracted for 1 hour prior to immunoaffinity extraction while the CMC spots were dissolved using a
Thermomixer at 1400 rpm prior to immunoaffinity extraction. PBS was used for
extraction/dissolution of the spots due to compatibility with the subsequent immunoaffinity

extraction procedure as demonstrated in [18].

2.5 Immunoaffinity extraction, tryptic digestion and solid-phase extraction

Immunoaffinity extraction was performed using magnetic beads coated with the antibody E27 as
prepared [13, 19] and described for DBS previously [18]. The only exception was extraction of the
DMPK-C cards for one hour prior to transfer of the extracted sample to a new Eppendorf vial for the

1 h immunoextraction.

The tryptic digestion (subsequent to reduction and alkylation) was performed after the

immunoaffinity clean-up as previously described[18].

Solid-phase extraction (SPE) was performed using in-house made SPE columns as described by Lund
et al. [13] to enrich the sample after immunoaffinity extraction and tryptic digestion. The same SPE
procedure as previously used for enrichment of the target peptide from DBS was used[18]. The
complete sample volume after tryptic digestion and addition of internal standard (approx. 110 pL)
was transferred to the SPE column. To enable a higher enrichment of the peptides the residue was

reconstituted in 20 uL compared to 50 or 30 uL in the previous papers [13, 18].

2.6 Nano liquid chromatography - mass spectrometry

The previously developed LC-SRM method was transferred to a state-of-the-art nanolLC-triple
guadrupole. Some changes from the previous method were introduced when transferring the
method to a new analytical system (change of column chemistry and dimensions, injection volume,

LC gradient and ion source). No changes were made in the SRM transitions.
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Chromatography: The chromatographic separation was in this paper performed on a nanoLC system
(UltiMate™ 3000 RSLCnano System from Thermo Scientific) using an Acclaim™ PepMap™ 100 C18
column (150 mm x 0.075 mm i.d., 3 um) and an Acclaim™ PepMap™ 100 C18 column (5 mm x 0.30
mm i.d., 5 um) trap column. The column temperature was 35 °C. Chromeleon software (version 6.80
SR13 Build 3818) was used to control the process. Ten microliter of sample was loaded onto the trap
column using a loading mobile phase consisting of 20 mM of FA in H,O and MeCN (98:2 v/v) and a
flow of 30 pL/min. The trap column was then washed for 3 min using the loading mobile phase prior
to transferal of the analytes to the analytical column using the mobile phases. The mobile phases
consisted of A, 20 mM of FA in H,0 and MeCN (95:5 v/v), and B, 20 mM of FA in H,O and MeCN (5:95
v/v). The gradient ran from 5 % to 20 % mobile phase B in 7.5 min, then B was kept constant at 20 %
for 17.5 min before the elution strength was further increased to 95 % B within 0.1 min, kept
constant for 1 min, and then returned back to starting conditions within 0.1 min. The flow was set to
0.3 pL/min. Both the trap and the analytical column were reequilibrated for at least 10 column

volumes each. Automatic filtration of the injected samples was performed as described elsewhere

using a steel filter (Replacement screen, 1/16” from Teknolab, Norway)[20].

Mass Spectrometry: MS analysis was performed in selected reaction monitoring mode (SRM) using a
triple quadrupole analyzer (TSQ Quantiva, Thermo Scientific) equipped with a nano electrospray
ionization interface (Nanospray flex) and operated in the positive ion mode. Spray voltage was set to
1800 V, sweep gas (nitrogen) pressure of two arbitrary units. The capillary temperature was set to
350 °C. The SRM method was based on the method previously published by Lund et al. [13], using the
hCG specific tryptic peptide BT5 (VLQGVLPALPQVVCNYR) as surrogate peptide. The selection and
confirmation of this peptide as signature peptide is described in [17] . The signature peptide BT5
(VLQGVLPALPQVVCNYR) and the internal standard (VLQGVLPALPQVVCNY[R_*3Cs_°N,]) was
monitored using the transitions 964.2 - 1036.3 and 964.2 - 1317.8 for the signature peptide and

969.3 - 1046.3 and 969.3 - 1327.8 for the internal standard. The collision energy was 30 V for all
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transitions. The collision gas (argon) pressure in Q2 was 1.5 mTorr, the Q1 and Q3 resolution both

0.7. The process was controlled by Xcalibur 3.0.63.

2.7  Determination of detection limits

The detection limits was determined for all four matrices using both sampling materials. The
detection limits were based on a signal-to-noise (S/N) ratio of three using the average noise in the
signature peptide channel at the retention time of the internal standard. Five injections of blank
matrix (spiked with internal standard) and average signal intensity of five samples spiked with 20

IU/mL (= 58 pM) were used for calculating the concentration of hCG corresponding to S/N=3

2.8  Method evaluation

Method evaluation was performed for hCG in dried serum spots evaluating the following parameters:
linearity using five concentration levels (n=3; DMPK-C: 20, 50, 200, 500 and 1000 IU/L and CMC: 10,
50, 200, 500 and 1000 IU/L) and 1/x weight of the calibration curve. Repeatability presented as
relative standard deviation (RSD (%)) and accuracy presented as percent of added value was

performed at the lowest and highest level of the calibration curve (n=5).

2.9  Analysis of real samples

A serum sample from a patient previously diagnosed with testicular cancer was analyzed using both
sampling material (n=3). First fifteen microliter of the sample was spotted on both materials,
prepared as described earlier and a concentration estimate performed. As the signal intensity of this
sample was approximately five times higher than the signal intensity of the highest level in the
concentration curve the patient sample was diluted five times with hCG free serum before spotting
fifteen microliter of diluted sample on both materials (n=3). Subsequently the samples were analyzed

simultaneously with the calibration curve in order to estimate the concentration level of the patient
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sample. The obtained level was multiplied by five in order to calculate the level in the undiluted

patient sample.

3. Results and Discussion

3.1 Detection limits

LODs were determined for both sampling materials and for all four biological matrices in order to
evaluate the improvements in method sensitivity after introduction of the state-of-the-art nanolLC-
MS/MS system. Chromatograms after preparation of blank (non-spiked) DMS and DMS spiked with
analyte at low levels (20 IU/L / 58 pM) are shown in Figure 1 and Figure 2 for DMPK-C and CMC,
respectively. These chromatograms confirmed that the immunoaffinty sample preparation provided
clean extracts, advantageous for detection of low analyte concentrations. Calculation of the LODs
(set as signal-to-noise (S/N) ratio of 3) was based on the signal from these spiked samples (spiked at
20 1U/L) and the noise at the retention time of the signature peptide from the blank samples (spiked
with 1S). The LODs were determined for all matrices and both sampling materials and the calculated
LODs are shown in Table 1 and ranged between 2.1-10.5 IU/L (6.1-30.5 pM) depending on the
biological matrix. The variation in LODs was probably due to different level of background noise
obtained from the four matrices. Only small differences were observed between the two sampling
materials, although CMC in general provided better LODs than DMPK-C (except for whole blood
where the LOD was comparable). Overall, the signal intensity of the hCG-peptide was higher for CMC
samples compared to DMPK-C samples. In addition, the noise was also higher, although for most
matrices the increase in signal for hCG was higher than the increase in noise level (exception whole
blood). Previously, ion enhancement is described for hCG in whole blood using CMC as sampling
material [18]. If ion enhancement is present when using CMC and not using DMPK-C this might be
the reason for the differences. Differences in matrix effects using different sampling materials have
been observed using a set of model proteins in DBS w/o use of IS (submitted manuscript). These

differences were however compensated for when including IS in the analysis.

10
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The lowest LOD was seen for urine using CMC as the sampling material, providing an LOD of 2.1 IU/L
(6.1 pM). The highest LOD (10.5 IU/L (30.5pM)) was obtained for urine using DMPK-C, and the reason
for the increased LOD from urine on DMPK-C was due to decreased signal of the signature peptide
compared to the signal from the CMC samples. For DMPK-C, the LOD seen for urine is higher than for
plasma despite the latter being a more complex matrix. However, looking into the RSD values (%) for
the spiked samples used to determine the LOD (Supplementary material Table S2), it can be seen
that the RSDs (%) from plasma were very high and hence the LOD estimates based on these values
contains high uncertainty. In addition, the signal intensity of hCG in urine spotted on DMPK-C is lower
compared to when spotted on CMC. Part of the reason for the high urine LOD might hence be due to
differences in matrix effects using the two different sampling materials. The immunoextraction may
also be more efficient from the dissolved CMC sample compared to when applying it to the non-

soluble DBS.

The obtained LODs were despite some variation between the matrices, all in all comparable to the
detection limits seen for 1 mL serum and urine using the previously described analytical system [13]
even though a 67 times lower sampling volume was used. The LODs also was improved >20.4 times

compared to the previous work describing detection of hCG from 15 uL DBS [18].

In general the RSDs of the area ratios used for the determination of LOD was satisfactory (<25.5 %
RSD, n=5, Supplementary material TableS2), with the exception of the plasma samples where the
observed RSDs were 152 % and 49 % for DMPK-C and CMC, respectively. The reasons for this is not
known, but it might be due to the anticoagulant used for the plasma samples, citrate phosphate
dextrose-adenine (CPDA-1) was used for plasma vs. K.EDTA was used for whole blood. We have
previously seen that the choice of anticoagulant (K;EDTA versus lithium heparin) affected the
repeatability and matrix effects of hCG from dried blood spots using CMC as sampling media [18]. It

is therefore not unlikely that the anticoagulant in plasma samples could affect the signal of the hCG

11
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signature peptide as well. Hence, if plasma spots are used it is important to evaluate the choice of

anticoagulant during method development.

Nevertheless, it can be seen that by minor method refinements in combination with state-of-the-art
nanoLC-MS/MS system enable similar LODs for hCG as previously seen when using conventional LC-
MS/MS and a 67 times higher sample volume. Sufficient repeatability for three of the four matrices

was also seen.

3.2 Method evaluation

The main goal of the present paper was to investigate if the use of state-of-the-art LC-MS equipment
made it possible to detect low abundance biomarkers at their reference level. This was done by
evaluating the LODs of hCG from the different DMS. As the present method was not intended as a
ready-to-go method for use in biomarker analysis of hCG a brief evaluation (linearity, with-in day
repeatability and accuracy) of the performance was performed for only one matrix, serum. This was
considered acceptable in order to get an indication of the performance at these low levels of analyte
using low sample volumes and a miniaturized LC-MS/MS system. Serum was chosen as the matrix as
a serum sample from a patient previously diagnosed with testicular cancer was available for analysis.
Real samples were not available for any of the other matrices. Both sampling materials were included
as previous research has shown that the water-soluble material often performs at least as good as
the non-soluble cellulose material. Matrix effects have previously been evaluated qualitatively for
hCG in serum and urine after immunoaffinity clean-up [13] and quantitatively for hCG in water-
soluble DBS after immunoaffinity clean-up [18], showing either no matrix effects or effects that could
be compensated for during quantification by an internal standard, respectively. Matrix effects were
therefore not evaluated in the present work. It is worthy to note that the matrix effects were
evaluated using a microbore LC-MS/MS system equipped with an C8 column opposed to the current
nano system equipped with an C18 column. Some of the observed differences in LOD might hence be
due to differences in matrix effects using the selected matrices and sampling materials (see above).

12
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However, as the repeatability at the level used for estimation of LOD (20 IU/L (58 pM)) was
considered satisfactory (for all matrices except plasma; see above and in Supplementary material
Table S2), possible matrix effects were considered sufficiently corrected for by the IS (except for

plasma).

The stability of hCG in DMS was not evaluated in the present paper. Extensive knowledge is already

available on storage of hCG, both long and short time in serum/urine [13, 21] and in DBS [18, 22].

Repeatability and accuracy was determined at the high and low level of the calibration curves (i.e the
upper and lower level of quantification (LLOQ and HLOQ), n=5). Due to the slightly higher LOD of hCG
using DMPK-C compared to CMC the lower level for DMPK-C was twice as high as for CMC (20 vs 10
IU/L). A representative chromatogram for lowest concentration level in the calibration curve can be

seen in Supplementary material Figure S2 for both DMPK-C and CMC serum spots.

The observed RSDs (Table 2) were somewhat increased (< 31 %) compared to the immunoaffinity
method using 1 mL of serum (< 19%), and the linearity was also lower (r?> 0.93 vs r?> 0.997). This
can be explained by extra bias introduced by the dissolution or elution process of the sample from
the sampling materials, although it was previously shown that the water-soluble material gave
complete recovery of analyte from the dissolution step [18]. A sample volume of 15 L is also more
prone to variations caused by the several preparation steps compared to a sample volume of 1 mL
(as more analyte is available in the large sample volume). In addition, nanolLC is generally less robust
than LC using microbore or conventional columns. The RSDs were also increased and the correlation
coefficient lower compared to the data obtained by Jung et al. (RSD < 3 % and R?> = 0.997,
respectively) when measuring a low-abundant protein by using immunoaffinity capture and nanolLC-
MS/MS[9]. Jung et al. used the SISCAPA approach where the stable isotope labelled internal standard
was correcting for variation caused by the immunoaffinity clean-up (post proteolysis
immunocapture). In our work, the isotope labelled internal standard was added after the

immunoaffinity clean-up step and was therefore not correcting for this step (pre proteolysis

13
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immunocapture). Improvements in the repeatability using for instance whole protein internal
standard and extensive method comparison are on the other hand necessary prior to
implementation in routine biomarker analysis. In addition, the use of automated sample processing
equipment such as work stations/robots (96-wells format) for performing all steps from sample
punching through immunoextraction, tryptic digestion and SPE will result in improvements of the
method performance, as well will the development and use of more robust nano systems.
Automation in the 96-wells format will also lower the costs and enable higher throughput as labor is
expensive and also often rate-determining for a procedure. Using the current set-up 30 samples may
be processed in parallel in less than 24 hrs (limitation: centrifuge for SPE), using two hours for
dissolution/extraction and immounoextraction, overnight tryptic digestion, and additional two hours
for micro SPE. The capacity of the LC-MS system is 34 samples per 24 hrs. The rate-limiting step of
the current procedure is hence the sample processing but if automated in the 96-wells format the LC-
MS/MS analysis will be rate limiting. However, the results demonstrate that it is possible to
determine low abundance protein biomarkers from dried matrix spots using only 15 uL of sample
with sufficient accuracy. In addition, the sample volume of DMS used in the current paper is
comparable with the volume used in immunological methods but has the advantage of the increased
specificity of LC-MS making it possible to perform isoform differentiation using same amount of

sample as in immunological techniques.

3.3  Analysis of a real sample

A real sample from a patient previously diagnosed with testicular cancer was analyzed in order to
demonstrate the applicability of the method on real samples. Fifteen microliter of serum was spotted
on both the commercial available DBS material and the water-soluble material, and analyzed as
described above (n=3). As initial experiments demonstrated that the level of the patient sample was
above the evaluated linear range, the sample was diluted 5 times with hCG free serum prior to serum

spotting. The amount of hCG in the sample was back-calculated to be 5280+595 IU/L (1531211726

14
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pM) in the DMPK-C spot and 5060430 IU/L (14674+1247 pM) in the CMC spot. This demonstrates
that the method can be applied to samples containing endogenous hCG, and that the two sampling
materials provides similar results. The quantified levels are much higher than the reference levels in
heathy humans. This demonstrate that methods used for quantification of biomarkers often need to
span a broad range from the level of healthy individuals in the low pM range up to levels in the nM
range (for hCG from <5 IU/L to 210000 IU/L (14.5-29000 pM) [11]. Chromatograms of the two
analyses can be found in Figure 3. Inclusion of more real samples will be necessary to verify that the

method can be used in a clinical setting.

Conclusions

Combining state-of-the-art nanoLC-MS/MS with dried matrix spots enables detection and
quantification of the low abundance protein biomarker hCG at upper reference level (low pM) from
minute volumes of various biological samples (whole blood, serum, plasma and urine). This is a
considerable improvement (> 10 times) compared to previously published method for hCG in DBS
and comparable to results obtained from serum using 1 mL of sample (both using microbore LC-
MS/MS system). Both commercially and non-commercially available sampling materials showed
potential as sampling material for dried serum samples in quantitative analysis of hCG, but a more
comprehensive method evaluation together with inclusion of more patient samples will be necessary
to verify that the method can be used in a clinical setting. However, these promising results indicate
that matrix spots can be a valuable sampling format for detection of low-abundant proteins despite

the small sample volumes available.
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Figure captions
Figure 1: MS chromatograms of the hCGB-T5 peptide after preparation of blank (non-spiked) DMS
(lower), and DMS spotted with samples spiked at low levels (20 IU/L (58 pM), upper) using DMPK-C

as sampling material

Figure 2: MS chromatograms of the hCGB-T5 peptide after preparation of blank (non-spiked) DMS
(lower), and DMS spotted with samples spiked at low levels (20 IU/L (58 pM), upper) using CMC as

sampling material.

Figure 3: Analysis of serum sample from patient previously diagnosed with testicular cancer. Fifteen
microliter of serum was spotted on either DMPK-C (a) and CMC (b). MS/MS spectrum of the hCGB-T5

peptide is included.
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Table 1. Overview of the detection limits obtained using the different sampling materials and sample

matrices
Sampling material Sample matrix Limit of detection? (IU/L (pM))
DMPK-C Whole blood 5.0 (14.5)
Plasma 8.9 (25.8)
Serum 7.8 (22.6)
Urine 10.5% (30.5)?
CMC Whole blood 4.9 (14.2)
Plasma 6.4% (18.6)°
Serum 3.0(8.7)
Urine 2.1(6.1)

'nh=5 and based on S/N=3 2n=3 and based on S/N=3 3n=4 and based on S/N=3



Table 2. Method evaluation using serum as matrix

sampling Linearity" Repeatability (RSD‘(%), n=5) Accuracy (%, n=5) .
. ) Low High Low High
material (r9) . .3 ) 3
concentration® concentration® concentration® concentration
DMPK-C 0.93 13 29 106x16 97128
CMC 0.94 31 29 96+25 95128

1Range 20-1000 1U/L (58-2900 pM) for DMPK-C and 10-1000 1U/L (29-2900 pM) for CMC, n=3.
220 IU/L (58 pM) for DMPK-C and 10 IU/L (29 pM) for CMC
31000 1U/L (2900 pM) for both DMPK-C and CMC
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