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Overview

Purpose: To develop a method which monitors system performance while
simultaneously performing quantitation. The research method is used for verification of
the internal standard (IS) precursor and product ions. The Internal Standard Verification
(ISV) method can be used as any quantitative method would be used. Results of the
method are available in real time to immediately determine the confidence that can be
placed in the data or to initiate follow-on actions.

Methods: First, a series of testosterone injections are used to demonstrate generation
of the confidence data while performing quantitative analysis. Next, conditions are
imposed on the mass spectrometer which give rise to fault conditions (mimicking
resolution or mass drift) to demonstrate the ability to identify data that is suspicious or
incorrect.

Results: The ISV method is shown to have the ability to simultaneously monitor the
calibration state or fault state of the system while maintaining the ability to quantitate
linearly down the LOD.

Introduction

Manual data review has become a common step in the release of results, this can
occupy significant time and effort for a skilled mass spectroscopist. Usually an
abnormally low or high result will trigger the need for review and the recourse is usually
to manually review the quality of the chromatographic peaks for the various analytes.
Here we introduce a method that simultaneously monitors the operation of the mass
spectrometer, including resolution, peak width and transmission, during the analytical
assay without any sacrifice to analytical performance. This method utilizes the internal
standard and does not require any additional steps in sample preparation. The resulting
data can speed up manual review and may reduce or eliminate the need for manual
review.

While performing routine sample analysis, one can monitor one or two ions to evaluate
the performance of the mass spectrometer. However, these monitor ions must be
predictable ions, with a relatively intense response, they should not require additional
sample handling and should avoid causing negative effects on the measurement of any
low concentration anaytes. In most analysis, the internal standard is present as a
relatively strong and predicable ion but it is underutilized. A new mode of operating a
triple stage quadrupole (TSQ) has been developed that uses the internal standard to
evaluate Q1 and Q3 mass position, peak width and intensities, in real time, during
routine analysis to alert the user whenever any of these parameters are out of tolerance.

Methods

Sample Preparation

Samples of testosterone and testosterone d3 were made up in 50/50 MeOH/Water. For
the purpose of this study the Internal standard concentration in all samples was 0.8
pg/uL.

Liquid Chromatography

Considering the samples were made up in neat solutions, a simple 3 min
chromatographic method was used to produce a 3 sec peak, which is representative of
anticipated analytical conditions.

Mass Spectrometry

Samples were run using a Thermo Scientific™ TSQ Endura™ triple-stage quadrupole
mass spectrometer. The method was developed by starting with a standard
Testosterone method that identifies the analyte ions (Testosterone: 289.4-> 97.2, 109.2)
and their respective internal standard (Testoserone d;: 292.4->97.2).

To develop the ISV method from a standard method, the IS is first identified for ISV. The
precursor and product ions mass positions are taken from the IS SRM. The resolution
value and tolerances for resolution and mass position are automatically populated. The
user must add the expected intensity for the parent, product and SRM transitions.
Adjustments can be made to all tolerance values as required. The user also has control
over the amount of scan time that is taken from the IS transition to perform the ISV
scans. Figure 1 shows the method parameters in the TSQ Endura MS method editor.
Figure 2 shows the summary of the method, including the ISV parameters.




When the ISV method is generated, in addition to the expected SRM transition
specified, the method Ul adds two small diagnostic scans: a) Q1 MS full scan of 3 Da
about the precursor ion and b) product ion mode over a small 3 Da mass range about
the product ion mass. The scan times for the analyte ions are unaffected but time is
taken from the internal standard scan to perform the two ISV scans.

FIGURE 1. TSQ Endura MS method. Source parameters and scan parameters for
Testosterone analysis using ISV.

FIGURE 2. TSQ Endura MS method summary.
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This method shown here has a chromatographic peakwidth of 3 seconds. Ten scans
are specified across the peak. Each cycle has ~300 ms and thus each of the three
transitions will have ~100 ms dwell time. The two testosterone transitions are
unaffected and have ~100 ms dwell times. The internal standard will provide the dwell
time perform the ISV scans. It is assumed that the internal standard is a well behaved,
well understood, strong transition. This allows the user to reliably take anywhere from
20 to 80% of the IS dwell time for the ISV measurements.

In the present case 80% of the IS time is given to the ISV. The IS will have a ~20 ms
dwell time and both the precursor ion Q1 MS full scan (290.9 —293.9 Da) and the
product ion mode (292.4-> 95.7 — 98.7 Da) scan will each have ~40 ms dwell times.

Data Analysis

Data was collected using Xcalibur 3.0 and processed using Qual Browser. Data was
worked up using standard statistical tools in MS Excel.

Results

Quantitation and Monitoring

Routine sample analysis typically consists of monitoring one or two transitions for each
analyte ion and monitoring a single transition for the associated internal standard.
These analyses can also have multiple analytes and may have multiple internal
standards. To reduce complexity and to demonstrate the effectiveness of the new
method, a simple testosterone assay with one analyte (two transitions) and one
internal standard was used to show the ability to monitor the performance of the mass
spectrometer through a series of injections over time. The analyte response was
monitored across the useful analytical range while the internal standard transition is
used to both normalize the system response (the traditional function) and to evaluate
the calibration of the mass spectrometer.

Figure 3 shows the calibration curve using the ISV method. Figure 4 is the curve run
using the same method without performing the ISV measurements. This demonstrates
that including the ISV portion in the method does not affect the linearity of the assay.




FIGURE 3. Response curve for FIGURE 4. Response curve for
Testosterone using the ISV method Testosterone using standard method
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In addition, as shown in Table 1, the LLOQ, as defined by <15% RDS, is unchanged at
approximately 2 pg/mL for both the ISV and non-ISV methods.

TABLE 1. Testosterone response, corrected for IS. LOD is approximately at the
same 2 pg/mL level for both ISV and non-ISV methods.

Testosterone with ISV Measurements

pg/mL fg on Col Response % St Dev
2 40 2113 12.8%
4 80 3994 5.8%
20 400 19329 1.7%
200 4000 197403 1.2%
2000 40000 2117342 1.2%

Testosterone without ISV Measurements

pg/mL fg on Col Response % St Dev
2 40 1922 9.7%
4 80 3824 5.6%
20 400 19301 1.1%
200 4000 188281 1.3%
2000 40000 2029272 0.8%

The top panel on Figure 5 shows the SRM chromatographic response for testosterone
at 40 pg on column (289.4 - 97.2 + 101.2) and internal standard (292.4 - 97.2)
SRMs. The lower panel shows the full scan chromatographic response for the internal
standard in the Q1 MS scan (290.9 — 293.9 Da) and the product ion mode (292.4 >
95.7 —298.7 Da).

FIGURE 6. Testosterone 40 pg on

FIGURE 5. Testosterone 40 pg on column. Chromatograms shown from
column. Chromatograms shown from top to bottom: Testosterone d3 Q1
top to bottom: Testosterone SRM; Full Scan, Product lon Scan; Mass
Testosterone d3 SRM, Q1 Full Scan, Spectra: Testosterone d3 Q1 Full
Product lon Scan. Scan, Product lon Scan

Figure 7 again shown the chromatographic response for the full scan internal standard
Q1 MS scan and the product ion scan in the upper panel. In the lower panels the
averaged Q1 Full Scan mass spectrum and the Product lon Mode mass spectrum are
shown.

The response for 6 replicate injections over the 2 to 2000 pg/mL range are shown in
Table 2. Highlighted in yellow are the values that fall outside of the predetermined
tolerances. In most cases, where intensities are low, they track the internal standard
and are likely a result of lower injection volume. In only two cases are the values
outside the limit for mass or resolution. These deviations were not large enough to
indicate a change in calibration or failure in the system.




TABLE 2. Testosterone response corrected for IS. Expected values and
tolerance limits are shown at the bottom.

ISV Table for Demonstation
Conc Response Parent Product
fg/uL Analyte [Internal Std| Resp/IS M/z Width Area M/zZ Width Area
40 2948 732910 2396 292.51 0.75 231442 97.23] 0.68] 13568
40 2492 703486 2050 292.49 0.81 221995 97.22] 0.62 14817,
40 2775 721359 2270 292.49 0.78 229631 97.22] 0.71 15039
40 2432 637542 2247 292.47 0.82 212293 97.21] 0.73 13212
40 1731 617986 1517| 292.48 0.84 202647 97.23] 0.76 13327,
40 2425 647537 2196 292.48 0.81 215050 97.20] 0.70] 11670
80| 4480 737877 3871 292.47 0.79 242640 97.21] 0.71 14245
80| 4513 785476 3637 292.48 0.73 271143 97.21 0.71 16265
80, 4246 649547 4207 292.49 0.81 210047 97.22 0.67, 13511
80, 4036 660396 3900 292.48 0.73 198064 97.23 0.69 13579
80, 4896 748874 4207 292.49 0.76 252640 97.21 0.72 17258
80, 4401 682479 4143 292.48 0.76 218588 97.22 0.66 13602
400 21176 749495 19843 292.50 0.86 254163 97.24 0.75 16117,
400 20982 767396 19186 292.48 0.84] 230583 97.20 0.74 14974
400 15863 571678 19479 292.48 0.83 193470 97.21 0.69 9932]
400 16293 587573 19465 292.47 0.75 203190 97.23 0.77] 12087
400 13233 491762 18875 292.48 0.83 168075 97.20, 0.63] 9974
400 13344 489467 19129 292.48 0.78 163832 97.25 0.73] 9507
4000 197336 702203 201837 292.49 0.79 237080 97.22 0.73] 14948
4000 200435 731429 196803 292.49 0.69 239721 97.21 0.65 14157|
4000 162271 597776 194950 292.48 0.80 195292 97.22 0.68| 12073
4000 159666 579981 197713 292.47 0.75 185614 97.22 0.77] 11653
4000 186138 677821 197221 292.49 0.82 227182 97.22 0.72] 14333
4000 169513 621454 195893 292.49 0.76 205373 97.20, 0.72] 12130}
40000 1628083 544745 2151369 292.46 0.83 190210 97.20, 0.78 11908
40000 1484947 500983 2133628 292.45 0.88 171022 97.20, 0.74 11208
40000 1522016 515818, 2123993 292.45 0.88 169641 97.22 0.72 11265
40000 1226096 416741 2117816 292.46| 0.85 137600 97.20 0.74] 7165|
40000 1279791 443751 2076001 292.45 0.90 144843 97.19 0.67] 9442
40000 1113194 381350 2101243 292.46| 0.85 121133 97.19 0.67] 8480
Expect 600000 292.4 0.8 200000 97.2 0.7 12500
Error 150000 0.1 0.1 50000 0.1 0.1 3125
Min 450000 292.3 0.7 150000 97.1 0.6 9375
Max 750000 292.5 0.9 250000 97.3 0.8 15625
Figure 7. Simulated Q1 mass drift.

Error Conditions

To demonstrate the utility of the method, a series of failures were induced in the mass
spectrometer to show the ability of the method to detect these situations. Figure 7
shows a series of injections representing Q1 mass drift across the peak. The induced
drift represents the Q1 mass position moving from 293.7 to 292.5 Da. As the mass

TABLE 3. Effect on Testosterone and Internal Standard for simulated Q1 mass

drift.
ISV Table for Demonstation of Q1 Mass Drift

Conc Response Parent Product

fg/uL | Analyte |nternal Stq M/Z Width Area M/Z Width Area
400|ND ND ND ND ND ND ND ND
400 3201 101823 293.68 0.78 28377 97.21 0.71 1768
400 15765 568519 292.47 0.75[ 203190 97.23 0.77 11695
400 18019 568924 293.46 0.78| 178890 97.23 0.77 12729
400 21541 669797 292.39 0.81| 214418| 97.24 0.72 15903
400 7010 221336 291.90 1.44 69596 97.24 0.73 3798|
400 502 15619 292.51 1.42 5000|ND ND ND




Figure 8. Simulated Q3 resolution / mass drift.

B

TABLE 4. Effect on Testosterone and Internal Standard for simulated Q3
resolution and mass drift.

ISV Table for Demonstation of Q3 Resolution Drift

Conc Response Parent Product

fg/uL | Analyte |nternal Std Resp/IS M/z Width Area M/Z Width Area
400]  129983| 4524398 292.51 0.83] 233924 96.97 1.29 78059
400 81433| 2660164 292.51] 0.79] 183366 97.02 1.22 52724
400 62903 2114164 292.51] 0.86| 199773 97.06 1.16] 42173]
400 71324| 2315379 292.53 0.87| 229089 97.12 0.87, 38967,
400 37355 1268617 292.51] 0.80| 212764 97.12 0.71 23975
400 25779 813788 292.52 0.85| 227637 97.22 0.66 15397
400 15637 550496 292.51] 0.88| 225702 97.25 0.63 9629
400 7182 259348 292.67, 0.73| 204002 97.30 0.69 5379
400) 2169 77429 292.68 0.90] 189833 97.32 0.11 1689
400 572 19136 292.67| 0.73] 196620 97.27 0.15 400
400 200 6462 292.67, 0.76] 208027 97.12 0.11 120
400[ND ND 292.66 0.74| 231238|ND ND ND
400(ND ND 292.67, 0.85| 232639(ND ND ND

drifts, the observed response in the analyte and internal standard responses are shown in
table 3. This can help to elucidate the cause of a change in internal standard.

Figure 8 shows a series of injections representing Q3 resolution/mass drift across the
range. The induced drift represents a Q3 mass position moving from 96 to 97.12 Da and an
associated change in peakwidth from 1.29 down to 0.11 Da FWHM. The effect on the
analyte and internal standard response are shown in table 4.

The output of these measurements are placed in an instrument database. These results,
and evaluation with respect to the given tolerances, are interpreted by the application
software. Responses can be limited to: a) simply alerting the user to the failure; b) provide a
snapshot of the instrument state at the moment of failure; c) aiding in data evaluation during
manual review; d) automatically rejecting data and remove the need for manual review; e)
rerun of the sample; f) triggering a system evaluation, an automatic recalibration and / or
triggering a series of self-diagnostic routines to fully evaluate and respond to the failure. In
the extreme, the response may go to the extent of alerting the operator and service
organization that a failure has been detected and needs attention.

Method Complexity

The method is constructed to allow full characterization of the analyte ions without
compromise, while taking a portion of the internal standard time to evaluate the precursor
and product ions. To this end, limits must be placed on the number of internal standards
that can be used at any given time with respect to the analyte ions.

In general two ISV ions with four quantitative ions (eight transitions) is the practical limit of
the method as it is currently implemented. This limit can be relaxed for wider
chromatographic peaks or must be tightened for faster chromatography.

Conclusion

= A research method has been developed to evaluate the health or status of a
mass spectrometer in real time while performing routine quantitative analysis

= This method can be used to flag suspicious data or to reduce or remove the
need for manual review. Other possible outcomes are automated initiation of
system evaluation and/or system tune and calibration

= The method is constructed to avoid any negative impact on quantification,
particularly are the limits of quantitation.
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Spectrometric Immunoassay Analysis of
Parathyroid Hormone and Related Variants
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Key Words
LTQ Orbitrap XL, TSQ Vantage, Pinpoint Software, parathyroid hormone,
PTH, biomarkers, MSIA

Goal

To develop a highly sensitive and selective selected-reaction monitoring—-
mass spectrometric immunoassay analysis (SRM-MSIA)-based method
for the concurrent detection and quantification of full-length parathyroid
hormone (PTH) [amino acid (aa)1-84] and two N-terminal variants [aa7-84
and aa34-84] for clinical research use.

Introduction

Parathyroid hormone is produced in the parathyroid
glands through the two-step conversion of prepro-PTH
(115 amino acids) to pro-PTH (90 amino acids) to the

84 amino acid peptide (PTH1-84). Conventional PTH
measurements typically rely on two-antibody recognition
systems coupled to a variety of detection modalities.’

The most specific modalities are able to differentiate
between different truncated forms of PTH and are
referred to as second- and third-generation PTH assays.?
The key to the application of these later-generation assays
is the ability to selectively detect and quantify various
PTH forms. In particular, two variants are the subject of
increased research investigation: full-length PTH1-84 and
PTH missing the 6 N-terminal amino acids (PTH7-84).
Because of the inability of existing tests to detect
microheterogeneity,® these variants were historically
considered as a single PTH value (by the first-generation
assays). The classification of each variant as its own
molecular entity, and the analysis of each independently,
suggest an antagonistic relationship between the two
different forms in regard to calcium homeostasis.* In fact,
there is mounting research showing that the ratio between
PTH1-84 and PTH7-84 could have future clinical
relevance for distinguishing between hyper-parathyroid
bone turnover and adynamic bone disease.’”

ail

The ratio of PTH1-84 to PTH7-84 is an example of the
potential utility of the microheterogeneity within the PTH
protein. Another PTH variant, PTH1-34, has been
identified as exhibiting biochemical activity comparable to
the full-length protein. There are indications that the
microheterogeneity of PTH has yet to be fully characterized,
challenging researchers’ efforts to determine the utility and/or
confounding effects on present-day methods. Accurate
examination of known PTH variants and the simultaneous
evaluation of other possible variants requires a degree of
analytical freedom that universally escapes conventional
methods. This work describes mass spectrometric
immunoassays that, although specifically designed for the
detection of PTH1-84 and PTH7-84, also facilitate the
simultaneous discovery and evaluation of further
microheterogeneity in PTH.
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Experimental

Approach

In addition to the well-characterized truncated PTH
variants, PTH1-84 and PTH7-84, four other molecular
versions have been reported in the literature as present in

human biofluids (primarily plasma or serum). Aligning these

fragments to the sequence of PTH1-84 produced a variant
map revealing forms stemming predominantly from
N-terminal truncations (Figure 1). A conserved region
(among several variants) was evident between residues 48
and 84. This region was suitable for immunoaffinity
targeting to capture ragged N-terminal variants (for
example, PTH1-84 and PTH7-84). Postcapture digestion
of retained PTH (and variants) created the basis for
SRM-MSIA_ *!! for which surrogate peptides representative
of the different PTH variants were selected for analysis.

PTH Variant Map

Residue Number

N 20 40

Variant or

60 20 SRM Fragment

1-84]

Figure 1. PTH variant map. (A) N-terminally truncated PTH variants identified previously. *? (B) Variants added to map by top-down MS analysis.

(C) Conserved and truncated tryptic fragments chosen for SRM-MSIA.

Reagents

Goat polyclonal anti-PTH39-84 antibody was purchased
from Immutopics International. Recombinant human PTH
(rhPTH) was obtained from Bachem. Premade 0.01 M
HEPES-buffered saline with 3 mM EDTA and 0.05%
(vol/vol) surfactant P20 (HBS-EP) was purchased from
Biacore. Thermo Scientific™ Pierce™ premixed
2-[morpholino]ethanesulfonic acid-buffered saline powder
packets and Thermo Scientific synthetic heavy-labeled
peptides were used. High purity solvents from Fisher
Chemical brand were used.

Samples

A total of 24 plasma samples were used in the research
study: 12 from individuals with previously diagnosed severe
renal impairment or end-stage renal disease (ten males and
two females; mean age 66.7 years) and 12 from healthy
individuals (ten males and two females; mean age 65 years).
Among the individuals with renal failure, three were
Hispanic, two were Asian, two were African American, and
six were Caucasian. The ethnicity information for the
healthy sample donors was not available.

Calibration Curves Samples

Samples for creation of calibration curves were prepared
from pooled human plasma by step-wise, 2-fold serial
dilution of an initial sample containing rhPTH at a
concentration of 1000 ng/L (eight steps, range

1000-7.8 ng/L). Samples were frozen at -80 °C until use.

Sample Preparation and Immunocapture

Purification and concentration of the PTH was accomplished
by immunoaffinity capture. Extraction of PTH from plasma
was carried out with proprietary Thermo Scientific™ Mass
Spectrometric Immunoassay (MSIA™) pipette tips derivatized
with the PTH antibodies via 1,1 -carbonyldiimidazole
chemistry.!"'” After extraction, PTH was digested, separated
by liquid chromatography, and analyzed by high-resolution
MS/MS on an ion trap-Orbitrap™ hybrid mass spectrometer
and by SRM on a triple quadrupole mass spectrometer as
described below.

Sample Elution and Trypsin Digestion

Bound proteins were eluted from the tips into a 96 well
plate by pipetting 100 pL of 30% acetonitrile/0.5% formic
acid up and down for a total of 15 cycles. Samples were
lyophilized to dryness and then resuspended in 30 pL of
30% n-propanol/100 mmol/L ammonium bicarbonate,
pH 8.0, diluted with 100 pL of 25 M acetic acid containing
100 ng of trypsin. Samples were allowed to digest for 4
hours at 37 °C. After digestion, samples were lyophilized
and resuspended in 30 pL of 3% (vol/vol) acetonitrile/0.2%
(vol/vol) formic acid/glucagon/PTH heavy peptides.



High-Resolution LC-MS/MS

High-resolution LC-MS/MS analysis was carried out using a
Thermo Scientific™ EASY-nLC™ system and Thermo
Scientific™ LTQ Orbitrap XL™ hybrid ion trap-Orbitrap
mass spectrometer. Samples in 5% (vol/vol)
acetonitrile/0.1% (vol/vol) formic acid were injected into a
Thermo Scientific™ Hypersil GOLD™ aQ fused-silica
capillary column (75 pm x 25 cm, § pm particle size) in a
250 pL/min gradient of 5% acetonitrile/0.1% formic acid to
30% acetonitrile/0.1% formic acid over the course of

180 minutes. The total run time was 240 minutes and the
flow rate was 285 nL/min. The LTQ Orbitrap XL MS was
operated at 60,000 resolution (FWHM at m/z 400) for a
full scan for data-dependent Top 5 MS/MS experiments
(CID or HCD). The top 5 signals were selected with
monoisotopic precursor selection enabled, and +1 and
unassigned charge states rejected. Analyses were carried out
in the ion trap or the Orbitrap analyzer. The experiments
were performed using collision-induced dissociation (CID)
and higher-energy collisional dissociation (HCD)
fragmentation modes.

SRM Methods

SRM methods were developed on a Thermo Scientific
TSQ Vantage™ triple stage quadrupole mass spectrometer
with a Thermo Scientific™ Accela™ pump, a CTC PAL®
autosampler (Leap Technologies), and a Thermo Scientific

™

™

Ton Max™ source equipped with a high-flow metal needle. A
mass window of 0.7 full width at half maximum (FWHM,
unit resolution) was used in the SRM assays because the
immunoenriched samples had a very high signal-to-noise
ratios. Narrower windows were necessary when the matrix
background was significant and caused interferences that
reduced signal-to-noise in the SRM channels. Reversed-
phase separations were carried out on a Hypersil GOLD
column (1 mm x 100 mm, 1.9 pm particle size) with a flow
rate of 160 pL/min. Solvent A was 0.2% formic acid in
LC-MS-grade water, and solvent B was 0.2% formic acid in

Fisher Scientific™ Optima™-grade acetonitrile.

Software

Thermo Scientific™ Pinpoint™ software was used for
targeted protein quantification, automating the prediction of
candidate peptides and the choice of multiple fragment ions
for SRM assay design. Pinpoint software was also used for
peptide identity confirmation and quantitative data
processing. The intact PTH sequence was imported into the
software and digested with trypsin iz silico. Then, transitions
for each peptide were predicted and tested with recombinant
PTH digest to determine those peptides and transitions
delivering optimal signal. After several iterations, a subset of
six peptides with multiple transitions was chosen.

Further tests were conducted with this optimized method.
After the target peptides were identified, heavy arginine or
lysine versions were synthesized to be used as internal
quantitative standards. Target peptides were subsequently
identified and quantified by coeluting light- and heavy-
labeled transitions in the chromatographic separation. Time
alignment and relative quantification of the transitions were
performed with Pinpoint software. All samples were assayed
in triplicate.

Results and Discussion 3
Top-Down Analysis and Discovery of Novel Variants
The approach described herein coupled targeting a common
region of PTH by use of a polyclonal antibody (raised to the
C-terminal end of the protein) with subsequent detection by
use of SRM MS. Numerous PTH variants were
simultaneously extracted with a single, high-affinity
polyclonal antibody, and the selection of the epitope was
directed by the target of interest (i.e., intact and N-terminal
variants). The primary goal was to differentiate between
intact PTH1-84 and N-terminal variant PTH7-84 while
simultaneously identifying any additional N-terminal
heterogeneity throughout the molecule. The results of these
top-down experiments allowed the development of an initial
standard profile for PTH. Clearly, this profile is not finite,
and may be expanded to include additional variants found
through literature search and/or complementary full-length
studies. However, this standard profile provided an initial
determination of target sequences for developing specific
SRM assays.

Selection of Transitions for SRM

During LC-MS/MS analysis, multiple charge states and
fragmentation ions were generated from each fragment,
resulting in upwards of 1000 different precursor/product
transitions possible for PTH digested with trypsin. Empirical
investigation of each transition was not efficient. Therefore,
a workflow incorporating predictive algorithms with
iterative optimization was used to predict the optimal
transitions for routine monitoring of tryptic fragments
(Figure 2). The strategy facilitated the translation of peptide
intensity and fragmentation behavior empirically obtained
by high-resolution LC-MS/MS analyses to triple quadrupole
SRM assays. Inherent to the success of the workflow was
the similarity of peptide ion fragmentation behavior in these
ion trap and triple quadrupole instruments.!> Empirical data
from such LC-MS/MS experiments were used in conjunction
with computational methods (iz silico tryptic digestions and
prediction of SRM transitions) to enhance the design of
effective SRM methods for selected PTH peptides.

Targeted @
Proteins : Spectral
_|_> Method Builder <_|_ Libraries
7 (peptides with attributes)
SRM
Libraries

Peptide Digest

D o1 | o3 | o2 Tim
Pepl | 5632 | 815
Pepl | 5632 | 789
Pepl | 5632 | 872
Pep: 7509 | 671

Pep 7509 | 928

LC-MS/MS: mSRM

\4
690
®

R 02

it Identification [ 543 i | 931

(il (Pseudo-spectra) I 11,
By D [ o1 | a3 [ Area | 1S. [ Conc

Quantification Pepl | 5632 | 8751 | 40000 no

B (Peak areas) ep! 5632 | 7892 | 41000 no

[min] Pep 5632 | 8723 | 37000 no

ep? | 7509 | 6714 | 15000 no

Pep? | 7500 | 8004 | 6000 no

Pepd | 7509 | 9785 | 2000 no

Figure 2. Pinpoint workflow for development of multiplexed SRM assays.
[Q = quadrupole; mSRM = multiple SRM; Int. = intensity; I.S. = internal standard;
Conc = concentration. Time measurements are in minutes (min).]



The initial list of transitions was queried empirically to
produce an LC-MS/MS profile based on four tryptic peptides
that collectively spanned >50% (45 of 84 amino acids) of the
full PTH sequence. SVSEIQLMHNLGK [amino acid
(aa)1-13] was monitored to represent PTH species with an
intact N-terminus, such as PTH1-84. Other tryptic peptides,
HLNSMER (aa14 -20), DQVHNFVALGAPLAPR (aa28-
44), and ADVNVLTK (aa73-80) were included for
monitoring across the PTH sequence. In addition, transitions
for two truncated tryptic peptides, LMHNLGK (aa7-13)
and FVALGAPLAPR (aa34-44), were added to the profile to
monitor for truncated variants PTH7-84 and PTH34-84,
respectively. In total, 32 SRM transitions tuned to these six
peptides were used to monitor intact and variant forms of
PTH (Figure 1).

Generation of Standard Curves and Limits of
Detection and Quantification

rhPTH was spiked into stock human blood plasma to create
calibration curves for all target tryptic peptides through serial
dilution. As illustrated in Figure 3 for peptides
LQDVHNFVALGAPLAPR (aa28-44) and
SVSEIQLMHNLGK (aa1-13), SRM transitions for the four
wild-type tryptic fragments exhibited linear responses

(R? =0.90-0.99) relative to rhPTH concentration, with
limits of detection for intact PTH of 8 ng/L and limits of
quantification for these peptides calculated at 31 and 16 ng/L,
respectively. Standard error of analysis for all triplicate
measurements in the curves ranged from 3% to 12% for all
peptides, with <5% chromatographic drift between
replicates. In addition, all experimental peptide measurements
were calculated relative to heavy-labeled internal standards.
CVs of integrated areas under the curve for 54 separate
measurements (for each heavy peptide) ranged from 5% to
9%. Monitoring of variant SRM transitions showed no
inflections relative to rhPTH concentration, owing to the
absence of truncated variants in the stock thPTH.

25
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Area (relative to standard)
* o
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Figure 3. SRM calibration curves for PTH peptides.
(A) Peptide LQODVHNFVALGAPLAPR aa28-44.
(B) Peptide SVSEIQLMHNLGK aa1-13.

Evaluation of Research Study Samples

Initial SRM data were acquired from replicate plasma
samples. The light and heavy peptides coeluted precisely in
all samples. Further SRM experiments were carried out on
the cohort of renal failure (n = 12) and normal (n = 12)
samples. The most prominent PTH variant in the renal
failure samples was PTH34-84. To quantify this observation
with SRM, all samples were interrogated to determine the
expression ratios of renal failure to normal for the various
target peptides, including FVALGAPLAPR (aa34-84), which
should be specific to the 34-84 variant. Chromatographic
data from single renal-failure samples for peptides
FVALGAPLAPR (aa34-44) and SVSEIQLMHNLGK
(aal-13) are shown in Figure 4. The peak integration area
and individual coeluting fragment transitions for each
peptide are illustrated. Similar chromatograms were obtained
for peptides LQDVHNFVALGAPLAPR (aa28-44),
HLNSMER (aa14-20), and ADVNVLTK (aa73-80) (data
not shown). The sample variances and expression ratios of
renal-failure samples to normal samples for each peptide are
shown in Figure 5. The expression ratios for the peptides
ranged from 4.4 for FVALGAPLAPR (aa34-44) to 12.3 for
SVSEIQLMHNLGK (aa1-13). Notable quantities of peptide
LMHNLGK (aa 7-13) were not detected in these samples.
Sample variances illustrated in the scatter plots in Figure 5
demonstrate that the renal failure and normal samples
groups were clearly segregated by the five target peptides.
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Figure 4. Pinpoint software SRM data from samples of normal

and renal failure patients. Chromatographic data illustrate peak
integration area and individual fragment transitions for peptides
from single renal failure samples. (A) Semitryptic peptide
FVALGAPLAPR (aa34-44), specific to the 34—84 variant (see Figure 1).
(B) Tryptic peptide SVSEIQLMHNLGK (aa1-13).
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Figure 5. SRM quantitative ratios and sample variances of PTH
peptides in samples from renal failure patients (Renal) and
healthy controls. Ratios refer to the average value of the renal
cohort divided by the average value of the healthy control cohort.

Conclusion

An SRM-MSIA-based analysis method was developed
capable of simultaneously monitoring full-length PTH and
truncated variants with analytical metrics suitable for clinical
research use. Using a workflow incorporating postcapture
tryptic digestion, surrogate peptides representative of
PTH1-84 and PTH7-84 were generated and then monitored
using SRM. In addition, tryptic fragments spanning other
regions of PTH were incorporated into the analysis. Relative
ion signals for these species confirmed that the clinical
research method was functional and created the basis for a
standard PTH profile. This standard profile was expanded to
include a peptide representative of a novel variant,
PTH34-84, clipped at the N-terminus. In total, 32 SRM
transitions were analyzed in a multiplexed method to
monitor nonvariant PTH sequences with >50% sequence
coverage, as well as the two truncated variants. Peptides
exhibited linear responses (R? = 0.90-0.99) relative to the
limit of detection for an intact recombinant human PTH
concentration of 8 ng/L. Limits of quantification were

16-31 ng/L, depending on the peptide. Standard error of
analysis for all triplicate measurements was 3%-12% for all
peptides, with <5% chromatographic drift between
replicates. The CVs of integrated areas under the curve for
54 separate measurements of heavy peptides were 5%-9%.

Pinpoint software was used to develop and implement
“intelligent SRM” data acquisition strategies, increasing
instrument efficiency by avoiding the need to monitor all of
the specified transitions at all times. Use of these techniques
may be particularly advantageous for clinical research
laboratories in methods where a large number of PTH
variants are monitored, or where the analyzed sample
contains a complex mixture of PTH-derived peptides and
components produced by digestion of compounds in the
sample matrix.
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Goal

To demonstrate the effectiveness of a clinical research method for the
quantitation of 25-hydroxyvitamin D using online sample preparation
and high-resolution, accurate mass (HR/AM) quantitation with a Thermo
Scientific Exactive Plus Orbitrap mass spectrometer.

Introduction

Blood levels of 25-hydroxyvitamin D, and 25-hydroxy-
vitamin D, are commonly tested by clinical researchers to
assess vitamin D sufficiency. In the last decade, liquid
chromatography coupled with triple quadrupole mass
spectrometry (LC-MS/MS) has become a popular
technique for such measurements. Due to their higher
resolving power relative to triple-stage quadrupole mass
spectrometers, Orbitrap™-based mass spectrometers are
better able to resolve analytes from sample matrices. In
addition, the ease of initial method set up and daily use
provides an advantage over triple-stage quadrupole mass
spectrometers for clinical research.

HO
25-Hydroxyvitamin D, 25-Hydroxyvitamin D,
CygHus0, (MW 412.65) Cy7H440, (MW 400.63)

Figure 1. Analytes

A method has been created that allows precipitated
serum to be injected into an HPLC system with minimal
sample preparation and analyzed by an Exactive™ Plus
benchtop Orbitrap mass spectrometer. Total method time
is 7.75 minutes on a Thermo Scientific Transcend TLX-1
system utilizing TurboFlow technology. Throughput can
be increased to a sample every 3.7 minutes by using a
Transcend™ TLX-2 multiplexed UHPLC system or

1.9 minutes with a Transcend TLX-4 system.

Experimental

Standard solutions of 25-hydroxyvitamin D,, 25-hydroxy-
vitamin D, and deuterated 25-hydroxyvitamin D, internal
standard were obtained from Cerilliant, Inc. (Figure 1).
Six calibrators at 2, 5,10, 25, 50 and 100 ng/mL and
three QCs at 5, 40 and 80 ng/mL were prepared by
fortifying bovine serum albumin diluent with 200 ng/mL
25-hydryoxyvitamin D, and D, standard mix. Precipitating
reagent was prepared by adding deuterated D -25-hydroxy-
vitamin D, to acetonitrile for a final concentration of

75 ng/mL. In addition, pooled human serum samples were
crashed 2 to 1 with acetonitrile and spiked with analytes
for a final concentration of 20 ng/mL for 25-hydroxy-
vitamin D, and 25-hydroxyvitamin D, and 50 ng/mL

of D, 25-hydroxyvitamin D, internal standard.

De-25-Hydroxyvitamin D,
Cy7H3gD60, (MW 406.67)
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Samples were prepared by adding 200 pL of precipitating
reagent containing internal standard to each centrifuge
tube containing 100 pL of calibrants and controls.

Tubes were vortexed for 30 seconds and then centrifuged
at 5,000 RCF for 10 minutes. Supernatants were then
aliquoted into autosampler vials for analysis. Calibration
curves and QCs were run in triplicate each day across
four days. In addition, 800 pooled serum sample replicates
containing 20 ng/mL 25-hydroxyvitamin D, and 25-
hydroxyvitamin D, and 50 ng/mL of D -25-hydroxy-
vitamin D, internal standard were injected to test
robustness of the method. Thermo Scientific Xcalibur
software was used to collect data and analyze the results.
The Exactive Plus mass spectrometer was used with an
APCI source in positive ionization mode. Full-scan data
was collected from m1/z 350 to 425.

LC/MS Conditions

TurboFlow Method Parameters (see also Figure 2)

Plumbing mode: Focus Mode

Column: Thermo Scientific TurboFlow XL
C-18P 0.5x 50 mm

Injection volume: 50 pL

Solvent A: 0.1% formic acid in water

Solvent B: 0.1% formic acid in methanol

Solvent C: 40:40:20 acetonitrile: isopropy!
alcohol: acetone (v:v:v)

Analysis time: 7.75 minutes

Cycle time when multiplexed 4x: 1.9 minutes

HPLC Method Parameters

Thermo Scientific Accucore C18
3x50mm 2.6 ym

Analytical column:

Solvent A: 0.1% formic acid in water

Solvent B: 0.1% formic acid in methanol

Mass Spectrometer Parameters

Scan mode: Full

Scan range: my/z 350 — 425
Fragmentation: None

Polarity: Positive
Microscans: 1

Resolution: 70,000

AGC target: 3x10°

Maximum inject time: 200

lon Source Parameters

lon source: APCI
Discharge current: 3.5UA
Vaporizer temperature: 500 °C
Sheath gas pressure: 30 units
lon sweep gas pressure: 1 unit
Aux gas pressure: 5 units
Capillary temperature: 250 °C
S-Lens RF level: 60

4 LC Method Editor - Lahey Vit D Method_1250_MOD_XTRALOOP_Multiplex001.htc
File Edit Tools Help
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Figure 2. TurboFlow method details

Results and Discussion

The lower limit of quantitation (LLOQ) was determined
to be 2 ng/mL for both analytes in BSA as indicated in
Figure 3. Limits of quantitation (LOQs) were estimated
from the triplicate injections of the standard solutions.
The signal-to-noise ratio was greater than 10 and the
coefficient of variation (CV) values were less than 10%
at the LLOQ of 2 ng/mL for both 25-hydroxyvitamin D,
and 25-hydroxyvitamin D, (Table 1). The correlation
coefficients obtained using 1/X weighted linear regression
analysis of the standard curves were greater than 0.99 for
both analytes (Figures 4 and 5). A relative standard
deviation (%RSD) test was performed in pooled human
serum fortified with analytes at 20 ng/mL and crashed
with internal standard solution for a total internal
standard concentration of 50 ng/mL. The RSDs of ten
replicate injections were less than 10% for both analytes
(Table 2). A recovery study was also performed using a
neat standard of 20 ng/mL 25-hydroxyvitamin D, and
25-hydroxyvitamin D, with 50 ng/mL D -25-hydroxy-
vitamin D.. The standard was injected ten times on the
TurboFlow™ column and analytical column, and ten
times on the analytical column only, and area counts were
compared. The relative recoveries were 97% and 99% for
25-hydroxyvitamin D, and 25-hydroxyvitamin D,
respectively.
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Figure 3. Chromatograms at LLOQ of 2 ng/mL with 50 ng/mL internal standard

25-Hydroxyvitamin D,
Y=-0.000801351+0.00392862"X RA2 =0.9940 W:1/X

25-Hydroxyvitamin D,
Y=0.00183722+0.0059339*X RA2 =0.9989

W: 1/X

ng/mL ng/mL

Figure 4. Calibration curve of 25-hydroxyvitamin D, in BSA

Figure 5. Calibration curve of 25-hydroxyvitamin D, in BSA



Table 1. 2 ng/mL replicate LLOQ injections

25-hydroxyvitamin D, | 2 ng Area 25-hydroxyvitamin D, | 2 ng Area

Replicate 1 134195 Replicate 1 201766
Replicate 2 162585 Replicate 2 242186
Replicate 3 148309 Replicate 3 212094
Mean 148363 Mean 218682
SD 141951 SD 20999.9
%CV 9.6 %CV 9.6
Table 2. 20 ng/mL serum injection replicates
D, 20 ng Serum Area D, 20 ng Serum Area
Replicate 1 4464244 Replicate 1 11759664
Replicate 2 3757594 Replicate 2 10759647
Replicate 3 4544819 Replicate 3 10886536
Replicate 4 4332109 Replicate 4 10825748
Replicate 5 3857037 Replicate 5 12543252
Replicate 6 4581097 Replicate 6 12223745
Replicate 7 5148234 Replicate 7 11278373
Replicate 8 4704084 Replicate 8 11445949
Replicate 9 4319873 Replicate 9 12537176
Replicate 10 4175023 Replicate 10 11033701
Mean 4388411 Mean 11529379
SD 4052451 SD 698829.3
%CV 9.2 %CV 6.1
Conclusion

An Exactive Plus high-resolution Orbitrap mass

spectrometer with TurboFlow automated on-line sample

extraction technology provides reliable detection for

clinical researchers of 25-hydroxyvitamin D, and

25-hydroxyvitamin D, in serum.

In addition, the Exactive Plus MS offers higher resolving
power and easier initial method setup than triple

quadrupole mass spectrometers. Throughput can be

increased to a sample every 3.7 minutes by using a

Transcend TLX-2 multiplexed UHPLC system or a sample

every 1.9 minutes with a Transcend TLX-4 system.
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TSQ Vantage, Clinical Research, TurboFlow Technology, Metanephrine, MN,
Normetanephrine, NMN, Pmets, Pheochromocytoma

Goal

To develop an automated method to quantitate plasma free metanephrines
reducing method time while maintaining analytical performance compared
to the original offline SPE method.

Introduction

Plasma free metanephrine (MN) and normetanephrine
(NMN), collectively known as Pmets, are preferred
biomarkers for pheochromocytoma for clinical research.
Liquid chromatography-tandem mass spectrometry
(LC-MS/MS) has become widely used to measure Pmets
because of its high analytical specificity.

Recently, we reported an LC-MS/MS method for
measuring Pmets using ion-pairing solid phase extraction
(IP-SPE) and porous graphitic carbon (PGC) column
chromatography'-2. Although the method is fast and
analytically sensitive, it can be further improved by
automating the offline sample preparation with online
sample preparation technology, which is more time- and
cost-effective.
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Thermo Scientific TurboFlow technology is an automated
online sample preparation technology that has been
coupled to LC-MS/MS for the quantitative analysis of a
variety of biological samples.

To date, its use has been reported in clinical research,
pharmaceutical analysis, bioanalysis, environmental
testing, food safety, and forensic toxicology.

Methods

Sample Preparation

The 0.5-mL samples of human plasma and of charcoal
stripped serum (CSS) were spiked with internal standards
(IS) and then mixed with 0.25 mL of 10% tricholoacetic
acid (w/v) in water. The mixtures were vortexed and
stored at =30 °C for 30 minutes. Then, the mixtures were
centrifuged at 16,000 g for 10 minutes, and 100 pL of the
supernatants were injected for LC-MS/MS analysis.

LC-MS/MS Conditions

LC-MS/MS analysis was performed on a Thermo Scientific
TSQ Vantage triple stage quadrupole mass spectrometer
coupled with a Thermo Scientific Transcend TLX-1 system.
The TurboFlow™ method with automated online sample
preparation was performed with a TurboFlow Cyclone
MCX-2 column. Perfluoroheptanoic acid (PFHA) was used
as the ion-pair during the sample preparation.

Eluting
Figure 1. TurboFlow and

LC method

: Mixture of isopropanol, ACN and acetone (1:1:1 v/v/v) with 0.3% formic acid

A
B
(o}
D: 5 mM NH,Ac and 50% ACN in water
Eluting: A: 50 mM NH4FA and 1% formic acid in water

B: 0.1% formic acid in ACN

C: Mixture of isopropanol, ACN and acetone (9:9:2 v/v/v)
D: 0.1% PFHA in water.

Eluting LC column temperature: 70 °C
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Analytical separation was carried out on a

Thermo Scientific Hypercarb column (50x3 mm,
5.0-pm particle size) at 70 °C. The total LC runtime

was 12 minutes (Figure 1). The mass spectrometer was
operated with a heated electrospray ionization (HESI-II)
source in positive ionization mode. Data was acquired in
selected-reaction monitoring (SRM) mode.

Validation

The validation procedure included tests for 1) recovery;
2) lower limit of quantitation (LLOQ), dynamic range,
accuracy; 3) precision; 4) ion suppression; 5) carryover;
and 6) interferences.

Results and Discussion

Charcoal stripped serum (CSS) was first evaluated by
comparing it to human plasma using a generally adopted
mixing study’. It was determined that CSS is an
appropriate matrix to conduct the validation experiments.

Recovery

The extraction recovery was assessed by comparing the
direct injection to the TurboFlow method injection of MN,
NMN, MN-d3 and NMN-d3 spiked in mobile phase (n=2).
The absolute recovery of MN, NMN and their IS ranged
from 56.4% to 62.4%, and the relative recovery of MN and
NMN was 90.9% and 97.8%, respectively (Table 1).

Table 1. Recovery

Determination of LLOQ, Linearity and Accuracy
CSS was spiked with MN and NMN to achieve final
concentrations of 500 and 1000 pg/mL, respectively. A
serial two-fold dilution with CSS was performed to make
eight levels of linearity samples with concentration ranges
of 500 to 3.9 pg/mL and 1000 to 7.8 pg/mL for MN and
NMN, respectively. Linearity samples were analyzed in
triplicate along with one set of calibrators. The calibration
curve was constructed by plotting the analyte:IS peak area
ratio vs. analyte concentration.

The linearity was determined to be 6.3 to 455.4 pg/mL for
MN and 12.6 to 954.5 pg/mL for NMN. Within the linear
range, the accuracy ranged from 80.6% to 93.5% for
MN, and from 80.9% to 101.7% for NMN. The CV
(n=3) from all linearity levels ranged from 3.1% to

13.7% for MN, and from 1.6% to 10.7% for NMN
(Table 1 and Figures 2 and 3). The determined LLOQ was
6.3 pg/mL for MN and 12.6 pg/mL for NMN (Table 2).

Online Direct Absolute | Relative

Extraction Injection Recovery | Recovery
(mean = CV)* (mean = CV) (%) (%)
MN (500 pg/mL)? 60281 +=2.7% | 106866 + 10.5% 56.4 90.9
NMN (250 pg/mL)? 32186 + 5.6% 51878 £ 9.4% 62.0 97.8
MN-d3 (500 pg/mL)? 40716 £11% | 66790 = 11.4% 61.0 N/A
NMN-d3 (500 pg/mL)® | 28983 +3.7% | 46482 +11.8% 62.4 N/A

* MN, NMN, MN-d3 and NMN-d3 were spiked to mobile phase
at specified concentration levels.
> Measured peak area with CV (n=2)

Table 2. LLOQ, dynamic range and accuracy

Dilution Expected | Measured CV of Accuracy Expected Measured CV of Accuracy

factor (pg/mL) (pg/mL) | triplicates (%) (%) (pg/mL) (pg/mL) triplicates (%) (V)
128 3.91 55 17.2 711 7.8 74 353 94.9
64 7.81 6.3 13.7 80.6 15.6 12.6 10.7 80.9
32 15.6 13.9 72 88.8 31.3 308 1.6 98.7
16 31.3 275 49 88.0 62.5 61.0 6.0 98.1

8 62.5 56.6 10.3 90.6 125.0 121.2 9.2 96.9

4 125.0 112.2 40 89.8 250.0 254.2 9.4 101.7

2 250.0 233.7 3.1 93.5 500.0 496.9 27 99.4

1 500.0 455.4 40 911 1000.0 954.5 33 95.5
Mean (%) 88.9 95.9
Stdev (%) 41 6.9




Precision

Precision was assessed with spiked CSS. Inter- and
intra-assay CV values at low and high quality control
concentrations of both analytes varied between 2.0% and
10.5% (Table 3).

Table 3. Precision data

Concentration (pg/mL)

Figure 3. Calibration curve of NMN in CSS

Charcoal Stripped Serum | 31.3 pg/mL | 2500pg/mL | 62.5 pg/mL | 500.0 pg/mL
Intra 1 (%) n=5 6.7 4.2 4.5 5.4
Intra 2 (%) n=5 4.9 3.0 10.5 4.2
Intra 3 (%) n=5 7.3 47 10.0 2.0
Inter-assay (%) n=15 8.4 7.7 8.9 4.8
199 lon Suppression
Y = 0.0068 + 0.0035X The MS responses of MN-d3 and NMN-d3 in solvent
R?=0.9992 W: 1/X (n=4) and individual human plasma samples (n=4) at the
o same concentrations (400 pg/mL for both MN-d3 and
s NMN-d3) were measured with LC-MS/MS analysis.
% The average MS responses (integrated area) of MN-d3
o and NMN-d3 from solvent and real human plasma
< samples were calculated. The intensity ratios with
standard deviations between human plasma (n=4) and
solvent (n=4) were 113.3% = 18.4% and 126.4% =
0 N — , . — | 18.0% for MN-d3 and NMN-d3, respectively. This
0 100 200 300 400 500 indicated that this method has no obvious ionization
Concentration (pg/mL) . h
suppression or enhancement.
Figure 2. Calibration curve of MN in CSS
Carryover
No carryover was observed.
1294 \un
Y =0.0036 + 0.0011X Interferences
R*=0.9988 W: 1/X Epinephrine (EPI) and NMN share the same SRM
° transitions and could not be differentiated just by MS/MS
T analysis. Using the Hypercarb™ analytical column, the EPI
% peak was baseline resolved from the NMN peak
g (0.3 min apart, data not shown).
0 — . ; . .
0 200 400 600 800 1000



Data Examples of Clinical Research Samples Conclusion
Figure 4 shows the SRM chromatograms of MN and A fast, automated and analytically sensitive LC-MS/MS
NMN in an individual plasma sample. Figure 5 shows the  method was developed to quantify plasma metanephrines for
SRM chromatograms of MN and NMN in a CSS sample.  clinical research purposes*. By using TurboFlow technology,
the sample preparation procedure was significantly simplified
compared to a previously reported offline IP-SPE method.
The presence of PFHA during the online sample preparation
i was critical to the success of this method. A PGC column

i was used for chromatographic separation of metanephrines.

i The total online extraction and analytical LC runtime was

] 12 minutes. This method was linear from 6.3 to 455.4 pg/mL

398

NMN: ——
m/z 166 >134

31.3 pg/mL
for metanephrine and 12.6 to 954.5 pg/mL for

normetanephrine, with an accuracy of 80.6% to 93.5% and
80.9% to 101.7%, respectively. The lower limit of
quantitation was 6.3 pg/mL for metanephrine and 12.6 pg/mL
for normetanephrine. Inter-assay and intra-assay precision
for metanephrine and normetane-phrine at low and high
concentration level ranged from 2.0% to 10.5%.

Intensity

Time (min) .

Figure 4. SRM chromatograms of MN and NMN in human Overall, the analytical performance achieved with this
automated online TurboFlow method is consistent with
the previously reported offline SPE method?. More
398+ T importantly, the online method significantly saved sample

/2 180 148 preparation time by more than 50% and eliminated the
31.0 pg/mL expense of SPE cartridges with an offline approach.

plasma sample

3£
z

NMN: ——
m/z 166->134
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Quantitation of Estrone and Estradiol
with Automated Online Sample Preparation

and LC-MS/MS

Xiang He and Marta Kozak, Thermo Fisher Scientific, San Jose, CA

Introduction

Estrone (E1) and estradiol (E2) are two major biologically
active estrogens. Quantitative measurements of these two
estrogens are important in clinical research.

Quantitation of serum estrogens has been performed
with immunoassay and gas chromatography-mass
spectrometry (GC-MS). Liquid chromatography-tandem
mass spectrometry (LC-MS/MS) is preferred over
immunoassay and other analytical techniques because
it is more analytically specific. Recently, we developed
a simple, fast and analytically sensitive method for
measuring underivatized E1 and E2 in serum or plasma
by LC-MS/MS using atmospheric pressure chemical
ionization (APCI).!

Thermo Scientific TurboFlow technology is an
automated online sample preparation technology that has
been coupled to LC-MS/MS for the quantitative analysis
of a variety of biological samples. To date, its use has been
reported in the fields of clinical research, pharmaceutical
analysis, bioanalysis, environmental testing, food safety,
and forensic toxicology.

Goal

To develop a fast and analytically sensitive LC-MS/MS
method with automated online sample preparation for
simultaneous quantitation of underivatized E1 and E2 in
serum using TurboFlow™ technology.

Methods

Sample Preparation

Briefly, 0.5 mL of sample was mixed with 0.5 mL of
working internal standard (E2-d5, IS) solution in methanol.
The mixture was vortexed, kept at -30 °C for 30 min and
then centrifuged at 16,000 g for 3 min at room temperature.
This process was repeated once for complete protein
precipitation. The supernatant (300 pL) was directly
injected for TurboFlow LC-MS/MS analysis.

LC-MS/MS Conditions

LC-MS/MS analysis was performed on a Thermo Scientific
TSQ Vantage triple stage quadrupole mass spectrometer
coupled with a Thermo Scientific Transcend TLX-1 system
equipped with Accela 1250 pumps. The online sample
preparation was performed with TurboFlow Cyclone-P
polymer-based columns. Analytical high-performance
liquid chromatography (HPLC) was carried out on a
Thermo Scientific Accucore RP-MS solid core column
(100 x 3 mm, 2.6 pm particle size) at room temperature
using water and methanol as mobile phases (Figure 1).
The total runtime was 10 min. The mass spectrometer was
operated with an APCI source in negative ion mode. Data
was acquired in selected reaction monitoring (SRM) mode.

Loading Eluting
Step | Start | Sec Flowe | Grad | %A | %B | %C | %D [ Tee | Loop | Flow | Grad | %A | %EB | %C | %D
1 0.00 45 2.00 | Step 100.0 = = - |====| out 0.60 | Step 100.0 = = =
2 0.75 &0 0.10 | Skep 100.0 = = T in 0.60 | Skep 100.0 = =
3 1.75 &0 200 | Step - [lo0.0 - in 0.60  Ramp | 40.0  60.0 -
| 4 2,79 120 2.00 | Skep |100.0 = = in 0.60 || Ramp || 20.0 || 80.0 =
5 4.75 &0 2.00 | Skep - | loo.o = ==== in 0.60 | Skep - | loo.o =
=] 5.79 0 2.00 | Step 100.0 = = ==== | aut 0.60 | Step 100.0 = =

Loading: A: water; B: methanol. Eluting: A: water; B: methanol.

Figure 1. TurboFlow and LC method
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Validation Determination of LLOQ, Linearity and Accuracy

The validation procedure included tests for 1) recovery A stock solution of E1 and E2 at 1000 pg/mL was
of sample preparation; 2) lower limit of quantitation prepared in CSS. A serial 2-fold dilution with blank
(LLOQ), dynamic range, accuracy; 3) precision; CSS was performed to make 9 levels of linearity samples
4) ionization suppression; and 5) carryover. with concentrations from 1000 to 3.9 pg/mL for both E1
and E2. Linearity samples were analyzed in triplicate. The
Results and Discussion calibration curve was constructed by plotting the analyte:IS
Human plasma has endogenous E1 and E2 so it was not peak area ratio vs. expected analyte concentration.
suitable for validation experiments except the precision The method was linear between 3.8 and 1000.9 pg/mL
study. Therefore, charcoal stripped serum (CSS) is used to  with accuracy (n=3) from 95.5% to 103.2% for E1, and
conduct the validation experiments. between 3.7 and 993.1 pg/mL with accuracy (n=3) from
92.7% to 112.3% for E2 (Table 1, Figures 2 and 3). The
Recovery LLOQ for E1 and E2 are 3.8 and 3.7 pg/mL, respectively

The absolute recoveries of E1, E2 and IS from CSS samples .
) ) (Table 1 and Figure 4).
compared to spiked neat solutions ranged from 61.2%
to 65.6%. The relative recoveries of E1 and E2 against
IS ranged from 99.0% to 107.1% at the two spiked
concentration levels (20 and 100 pg/mL).

Table 1. LLOQ, dynamic range and accuracy

E1 E2
bion Boceted | Meaownd gynag Aceuacy || Memswod, oyipag ) Aceircy
256 39 3.8 5.0 978 3.7 1.7 946
128 78 8.0 9.0 102.9 8.8 13.9 12.3
64 15.6 16.1 51 102.8 15.7 74 100.4
32 31.3 322 8.4 103.2 29.0 76 92.7
16 62.5 59.7 0.8 955 62.7 44 100.3
8 125.0 123.3 99 98.7 129.4 98 103.5
4 250.0 2459 70 98.4 2531 3.7 101.2
2 500.0 5035 2.3 100.7 478.9 4] 95.8
1 1000.0 1000.9 45 1001 993.1 5.3 99.3

Mean 100.0 100.0
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Figure 4. SRM chromatograms of E1 and E2 at their LLOQ in spiked CSS




Precision

Precision was assessed with spiked CSS and human plasma
at low and high concentration levels. Inter- (n=15) and
intra-batch (n=5) coefficient of variation (CV) values
ranged between 3.5% and 18.0% (Table 2).

Table 2. Precision data

E1 E2
Charcoal Stripped Serum Low (15 pg/mL) High (364 pg/mL) Low (15 pg/mL) High (357 pg/mL)
Batch 1 Intra-assay Precision (n=5, %) 99 96 135 15
Batch 2 Intra-assay Precision (n=5, %) 171 35 12.4 43
Batch 3 Intra-assay Precision (n=5, %) 14.6 72 17.2 4.8
Batch 1-3 Inter-assay Precision (n=15, %) 13.1 8.1 14.0 8.4
Spiked Pooled Plasma Low (12 pg/mL) High (239 pg/mL) Low (11 pg/mL) High (227 pg/mL)
Batch 1 Intra-assay Precision (n=5, %) 53 5.8 18.0 79
Batch 2 Intra-assay Precision (n=5, %) 12.9 71 16.3 43
Batch 3 Intra-assay Precision (n=5, %) 10.0 6.8 12.3 9.0
Batch 1-3 Inter-assay Precision (n=15, %) 9.3 6.3 17.3 71
lonization Suppression (blank) were injected. An SRM transition of the infused
In this test, a constant flow (5 pL/min) of E2-d5 E2-d5 was monitored for the entire LC gradient.
(100 ng/mL) was infused post-column into the mobile Compared to the solvent blank (60% methanol in water),
phase using a T-junction while protein-crashed human no obvious ionization suppression was detected in the

plasma (without internal standards) or mobile phase buffer ~ SRM chromatogram of infused E2-d5 (Figure 5).

1490
Red arrow shows E2 retention time.
1192 —
= 894 -
‘@
=
2
= 5% o
Blank solvent
- = = Plasma
298
0 T
46 Retention Time (min) 80

Figure 5. lonization suppression test




Carryover observed by testing the spiked CSS samples with Low1

CSS was spiked with E1 and E2 to create a high-level (9.9 pg/mL)-High (556.0 pg/mL)-Low2 (9.1 pg/mL) for
sample (>500 pg/mL) and a low-level sample (8 pg/mL). E1 and Low1 (10.0 pg/mL)-High (582.5 pg/mL)-Low2
The low-level sample was injected first (Low1) for (8.9 pg/mL) for E2.
LC-MS/MS analysis followed by the injection of the -

Data examples of clinical research samples

high-level le (High). Immediately aft d, anoth
igh-level sample ( ‘& ) romeaia’e § a TEnward, another Figures 6 and 7 show the SRM chromatograms of E1
low-level sample was injected (Low2). No carryover was ) o
and E2 in two individual plasma samples.
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Figure 6. SRM chromatograms of E1 and E2 in human plasma sample 1 (female)
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Figure 7. SRM chromatograms of E1 and E2 in human plasma sample 2 (male)




Conclusion

We have developed a novel 10-min LC-MS/MS method
for quantitation of E1 and E2 in serum using TurboFlow
technology for clinical research laboratories. This method
is fast and analytically sensitive and sample preparation
effort is significantly reduced. The Accucore HPLC column
was used for analytical LC separation because of its
superior performance. The lower limit of quantitation was
3.8 pg/mL for estrone and 3.7 pg/mL for estradiol. This
method was linear from 3.8 to 1000.9 pg/mL for estrone
and 3.7 to 993.1 pg/mL for estradiol with accuracy from
95.5% to 103.2% for estrone and from 92.7% to 112.3%
for estradiol, respectively. Inter-assay and intra-assay CV
for estrone and estradiol at low and high concentration
levels in both spiked charcoal stripped serum and pooled
human plasma ranged from 3.5% to 18.0%.
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1a,,25-dihydroxyvitamin D by

APPI-LC-MS/MS

Xiang He, Marta Kozak; Thermo Fisher Scientific, San Jose, CA, USA

Introduction

Quantitation of 1a,25-dihydroxyvitamin D, and D,
(1,25D) in serum is very important in clinical research but
is challenging because of the low circulating serum concen-
tration of 1,25D. Due to its high analytical specificity and
sensitivity, liquid chromatography-tandem mass spectrom-
etry (LC-MS/MS) has been used for quantitation of 1,25D.

We have previously reported the use of immunoextrac-
tion and atmospheric pressure chemical ionization (APCI)
for LC-MS/MS analysis of 1,25D in human serum'. Im-
munoextraction greatly simplifies the sample preparation
and efficiently removes interferences. In addition, while
APCl is good for this analysis, atmospheric pressure pho-
toionization (APPI) is a more specific ionization technique
than APCI and, therefore, further improves the analytical
sensitivity of 1,25D detection.

Goal

To develop a highly sensitive LC-MS/MS analytical method
to quantitate 1,25D with APPI using immunoextraction
that provides better sensitivity than an APCI method.'

Methods

Sample Preparation

Serum 1,25D was purified with an immunoextraction
method using an ImmunoTube® immunoextraction tube
(Immundiagnostik AG, Bensheim, Germany). Briefly, sam-
ples were mixed with immobilized 1,25D antibody slurry
and incubated at room temperature for 1 hour before the
1,25D-antibody beads were washed with aqueous buffer.
Then, 1,25D, and 1,25D, were eluted with ethanol, dried,
and reconstituted for LC-MS/MS injection.

LC-MS/MS Conditions

LC-MS/MS analysis was performed on a Thermo Scientific
TSQ Vantage triple stage quadrupole mass spectrometer
coupled with a Thermo Scientific Accela UHPLC system.
A Thermo Scientific Hypersil GOLD column (150 x 1 mm,
3 pm particle size) was used. The column temperature was
maintained at 50 °C. Mobile phases were 70% methanol
in water and methanol from Fisher Chemical brand. The
LC method used a 10-minute gradient, and the LC flow
was diverted to the mass spectrometer between 2 and 5
minutes.

The mass spectrometer was equipped with an APPI
probe and operated in the positive ion mode. Selected
reaction monitoring (SRM) transitions of 1,25D,, 1,25D,
d6-1,25D, and d6-1,25D, were monitored (see Table 1).

Table 1. SRM transitions

Q1 (m/z) 03 (m/z) CE(V)  S-Lens(V)
1,250, 4113 135.0 19 87
151.0 20 87
1,250, 399.2 135.0 21 90
151.0 22 90
d6-1250, 4173 151.0 19 95
d6-1,25D, 4053 151.0 20 90

Validation

The validation procedure included tests for 1) recovery,
linearity, and lower limit of quantitation (LLOQ) and 2)
precision.

Results and Discussion

1. Sample Preparation

The immobilized 1,25D antibody used in this study was
highly specific and had no cross-reactivity from other
vitamin D derivatives. Serum samples processed with im-
munoextraction showed no matrix effects or ionization
suppression.

2. Recovery, Linearity, and LLOQ

Two sets of calibrators were prepared in ethanol (solvent)
and pooled human plasma sample. Human plasma con-
tains endogenous 1,25D, so it is not an appropriate choice
to be used as the matrix for calibrators. Different levels of
1,25D were spiked into both solvent and human plasma
to evaluate the feasibility of using solvent as the calibrator
matrix. Solvent calibrators were prepared without im-
munoextraction, but with drying and reconstituting steps.
Endogenous concentrations of 1,25D in pooled plasma
were determined with solvent calibrators first. The pooled
human plasma samples were then spiked with increasing
levels of 1,25D and processed with immunoextraction.
Concentrations of total 1,25D (endogenous and spiked
concentration) in plasma were determined against solvent
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calibrators and compared to expected concentrations to 3. Precision

calculate recovery (Table 2). Precision was determined with spiked charcoal stripped
Table 2. Recovery serum at both 10 and 20 pg/mL, which are close to the
LLOQ (Table 3).
125D, 125D,
Expected M d R y Exp Measured  Recovery Table 3. Precision
(pg/mL) (pg/mL) (%) (pg/mL) (pg/mL) (%)
437 150 1030 1 1 1000 Measured Accuracy Precision
48.7 47.3 97.2 16.1 17.4 108.5 1.25D, (pg/mL) (%) (%)
587 570 971 26.1 277 1065 10 pg/mL a1 038 84
88.7 995 1122 56.1 576 102.7 20 pg/mL 19.8 99.2 7.4
238.7 2359 98.8 206.1 203.2 98.6
1,25D,
The slopes of the calibration curves of 1,25D, and D, in 10 pg/mL 938 988 125
both solvent and pooled human plasma calibrators were 20 pg/mL 209 104.4 1.1
compared and found to be nearly identical (Figures 1
and 2). This indicated that 1,25D originated from spiked
solvent and 1,25D originated from human plasma behaved
similarly relative to their corresponding IS during the
whole process of immunoextraction and LC-MS/MS.
The method was linear between 5 and 200 pg/mL for
both 1,25D, and 1,25D,. The LLOQ was S pg/mL for
both 1,25D, and D,. Figure 3 shows the representative
SRM chromatograms of 1,25D, and 1,25D, of the lowest
calibrator in solvent and pooled human plasma.
Solvent ------ Solvent  ------
1= Y=00231+0.0050X 25 - Y=00562+0.0130X
R2-09984 W:1/X ' RZ=09976 W: 1/X
2 il
© ©
oc o
8 3
< <
Pooled human plasma ~ ——— Pooled human plasma ~ ———
Y =0.0376 + 0.0048X ¥ =0.1086 + 0.0121X
R?=0.9983 W:1/X R2=0.9922 W:1/X
0 T T T T T T T T T T 1 0 T T T T T T T T T T
0 40 80 120 160 200 0 40 80 120 160 200
Concentration (pg/mL) Concentration (pg/mL)
Figure 1. Calibration curves of 1,25D, in solvent (dotted line, black) and Figure 2. Calibration curves of 1,250, in solvent (dotted line, black) and

pooled human plasma (solid line, blue) pooled human plasma (solid line, blue)
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Figure 3. Representative SRM chromatograms of 1,25D, and 1,250, of the lowest calibrator in solvent (A)

and in pooled human plasma (B)

Conclusion

Reference

A fast and analytically sensitive LC-MS/MS method for
quantitation of 1,25D in human plasma was developed
for clinical research laboratories. Sample preparation was
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1,25-dibydroxyvitamin D, and D, using Immunoaffinity Extraction with
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done with immunoextraction. APPI ionization was used
for its ionization specificity and sensitivity. The LLOQ of
this method was § pg/mL for both 1,25D, and 1,25D..
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Introduction

Plasma free metanephrine (MN) and normetanephrine
(NMN), collectively known as Pmets, are important mole-
cules for clinical research. Liquid chromatography-tandem
mass spectrometry (LC-MS/MS) has become widely used
to measure Pmets because of its high analytical sensitivity
and specificity.

Because Pmets are very polar, special solid phase
extraction (SPE) and chromatographic methods have been
developed for their analysis. Ion-paring (IP)-SPE, which
has been used to purify a wide range of polar compounds,
is well suited for the purification of Pmets.

Goal

To develop an LC-MS/MS method for measuring Pmets
using IP-SPE and porous graphitic carbon (PGC) column
chromatography.

Methods

Sample Preparation

Thermo Scientific HyperSep C-18 cartridges (1 mL) were
preconditioned with acetonitrile and 0.1% perfluorohep-
tanoic acid (PFHA) before samples were loaded. After
sample loading, cartridges were washed with 0.1% PFHA
and eluted with 60% acetonitrile. The eluate was dried
and reconstituted for LC-MS/MS analysis.

LC-MS/MS Conditions
LC-MS/MS analysis was performed on a Thermo Scientific
TSQ Vantage triple stage quadrupole mass spectrometer
coupled with a Thermo Scientific Accela UHPLC system.
A Thermo Scientific Hypercarb column (50 x 2.1 mm,
5 pm particle size) was used. This PGC-based column is
highly durable and ideal for retaining and resolving very
polar and hydrophilic molecules. The column temperature
was maintained at 70 °C. Mobile phases were 1% formic
acid in water with ammonium formate, and 0.1% formic
acid in acetonitrile. The LC gradient was 7 minutes long.'
The mass spectrometer was equipped with a heated
electrospray ionization probe (HESI-II) and operated in
the positive electrospray ionization mode. MN-d3 and
NMN-d3 were used as the internal standards for MN
and NMN.

Validation

The validation procedure included tests for 1) interfer-
ence; 2) SPE recovery; 3) ion suppression; 4) lower limit of
quantitation (LLOQ), dynamic range, accuracy; 5) preci-
sion; and 6) carryover.

Results and Discussion

1. Interference

Epinephrine (EPI) and NMN share the same selected
reaction monitoring (SRM) transitions and could not be
differentiated by MS/MS analysis alone. With Hypercarb™
column chromatography, the EPI-d3 peak was baseline
resolved from the NMN-d3 peak (Figure 1).

16000 —
NMN-d3; ——
/m/z 166 >134

2
(7]
=
[5]
2
£

EPI.d3: -----en

m/z 166 >107 \1«

0 T = T T |
22 24 2.7 3.0 33 3.6 40

Retention Time (min)

Figure 1. SRM chromatograms of EPI-d3 and NMN-d3 in a processed CSS
sample
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2. SPE Recovery

Extraction efficiency was assessed in charcoal stripped serum (CSS, n=3).

Absolute recovery of Pmets and IS ranged from 86.4% to 97.5%, and the
relative recovery of MN and NMN was 97.7% and 113.5%, respectively
(Table 1).

Table 1. SPE Recovery

In Charcoal Spiked before Spiked after Absolute Relative
Stripped Serum SPE® (mean = CV) SPE*(mean + CV) Recovery (%) Recovery (%)
MN (n=3) 22865 + 13.9% 25265 + 9.3% 90.5 97.7
NMN (n=3) 11165 +11.1% 11453 +12.5% 97.5 113.5
MN-d3 (n=3) 27809 +7.2% 30140 +12.9% 923 n/a
NMN-d3 (n=3) 22627 £9.2% 26192 +4.5% 86.4 n/a

2 Measured peak area of charcoal stripped serum spiked with 100, 400, 400, and 1600 pg/mlL of MN, NMN, MN-d3, and
NMN-d3, respectively, before SPE

b Measured peak area when equivalent amounts of above compounds were spiked after SPE

3. lon Suppression

Results from the post-column infusion experiments are shown in

Figure 2. Compared to injections of blanks, no obvious ion suppression was
detected in the SRM chromatograms of MN-d3 and NMN-d3 using processed
human plasma samples.
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Figure 2. Representative SRM chromatograms of post-column infusion of 100 ng/mL MN-d3 (left) and
NMN-d3 (right) after injections of buffer blanks (solid lines) and processed human plasma samples
(dashed lines). No internal standards were added to human plasma samples. Arrows indicate retention
times of MN and NMN.

4.LLOQ, Linearity and Accuracy

It was determined that CSS is a suitable matrix to conduct this part of valida-
tion (mixing study, data not shown). CSS samples with progressively lower
concentrations of MN and NMN were prepared in triplicate along with one set
of CSS calibrators.

The linearity range was determined to be 7.2 - 486.8 pg/mL for MN and
18.0 - 989.1 pg/mL for NMN (Figure 3). Accuracy ranged from 92.2% to
118.0% for MN, and from 92.1% to 115.0% for NMN. The determined
LLOQ was 7.2 pg/mL for MN and 18.0 pg/mL for NMN.

Figures 3 and 4 show the calibration curves for MN and NMN.

Figure 5 shows the representative SRM chromatograms of MN and NMN at
their LLOQ in CSS.
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Figure 4. Calibration curve of NMN in CSS
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Figure 5. Representative SRM chromatograms of MN and NMN at their LLOQ
in a spiked CSS sample.

5. Precision
Precision results are summarized in Table 2.

A) CSS samples: Precision was first assessed with spiked
CSS at two concentration levels (25 and 250 pg/mL for
MN, and 50 and 500 pg/mL for NMN). Inter- (n=15)
and intra-batch (n=5) CV values ranged from 2.1% to
10.9%.

B) Pooled human plasma samples: Precision was also as-
sessed with a spiked human plasma pool (35.6 pg/mL
of MN and 53.1 pg/mL of NMN, n=35). The determined
intra-assay CV (n=5) was 6.3% and 7.8% for MN and
NMN, respectively.

Table 2. Precision Data in Spiked CSS

MN NMN
25 pg/mL 250 pg/mL 50 pg/mL 500 pg/mL
Intra-assay Precision (%) n=5 10.9 46 96 2.1
Accuracy (%) 98.9 96.9 110.2 90.9
Inter-assay Precision (%)n=15  10.3 6.5 10.6 5.6
Accuracy (%) 100.6 102.7 108.7 97.4

Figure 6 shows representative SRM chromatograms of
MN and NMN using a processed human plasma sample.

6. Carryover
No carryover was observed up to 500 and 1000 ng/mL for
MN and NMN, respectively.
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Figure 6. Representative SRM chromatograms of MN and NMN using a
processed human plasma sample

Conclusion

A sensitive LC-MS/MS method was developed to quantify
plasma free metanephrines in clinical research laboratories.
This method has an LLOQ of 7.2 and 18.0 pg/mL for
metanephrine and normetanephrine, respectively. Method
precision ranged from 2.0% to 10.9%. Ion-pairing

SPE was used for sample preparation, and a Hypercarb
column was used for chromatographic separation of
metanephrines.
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Introduction

In the clinical research setting, quantitative measurements
of estrone (E1) and estradiol (E2) in serum typically have
been done with immunoassay or liquid chromatography-
tandem mass spectrometry (LC-MS/MS). LC-MS/MS

is preferred over immunoassay and other analytical
techniques because of its high sensitivity.

E1 and E2 are usually chemically derivatized before
they are detected by mass spectrometry for enhanced
sensitivity. The derivatization step extends the sample
preparation procedure and usually involves chemicals/
reagents that might compromise the performance of the
mass spectrometer in the long term.

Goal

To develop and validate a simple, fast and sensitive
analytical method for measuring E1 and E2 in serum or
plasma by LC-APCI-MS/MS.

Methods

Sample Preparation

Serum was spiked with internal standard (IS, deuterated
E2) and underwent liquid-liquid extraction (LLE) with
methyl tert-butyl ether (MTBE). After extraction, the
MTBE layer was dried under nitrogen and re-suspended
with 60% methanol. The reconstituted sample was
centrifuged to remove particulates and the supernatant was
injected for LC-MS/MS analysis.

LC-MS/MS Conditions

LC-MS/MS analysis was performed on a Thermo Scientific
TSQ Vantage triple stage quadrupole mass spectrometer
coupled with a Thermo Scientific Accela UHPLC system.
UHPLC was carried out on a Thermo Scientific Hypersil
GOLD column (150 x 2.1 mm, 3 pm) at room temperature
using water and methanol as mobile phases. The total

LC run time was 6 minutes. The mass spectrometer was
operated with an atmospheric pressure chemical ionization
(APCI) source in negative ion mode. Data was acquired in
selected reaction monitoring (SRM) mode.

Validation

The validation procedure included tests for 1) recovery of
sample preparation; 2) calibration range; 3) lower limit of
quantitation (LLOQ), dynamic range, accuracy;

4) precision; 5) ion suppression; and 6) carryover.

Results and Discussion

Sample Preparation

LLE was used to extract E1 and E2 from serum/plasma
and was found to be efficient. MTBE was selected as the
extraction solvent for its excellent recovery and ease of
handling.

Validation
1. Recovery for LLE Sample Preparation

The absolute recovery of E1, E2 and their internal
standard from liquid-liquid extraction ranged from
70% — 115% (n=4).

2. Calibration Range

Calibration curves (Figures 1 and 2) using calibrators in
charcoal stripped serum (CSS) showed excellent linearity
(R? > 0.998) between 5 and 1000 pg/mL.
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Figure 1: Calibration curve of E1 in CSS
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Figure 2. Calibration curve of E2 in CSS
3. Determination of LLOQ, Linearity and Accuracy The method was linear between 3.5 and 1019.3 pg/mL

with accuracy (n=3) from 85.8% to 107.0% for E1, and
between 4.4 and 1032.5 pg/mL with accuracy (n=3) from
92.9% to 112.8% for E2 (Table 1 and Figure 3). The
LLOQ for E1 and E2 are 3.5 and 4.4 pg/mL, respectively
(Table 1 and Figure 4).

CSS was first evaluated by comparing it to human
plasma to determine if it was suitable. During this stage
of the validation, CSS samples with progressively lower
concentrations of E1 and E2 were prepared in triplicate
along with one set of CSS calibrators.




Table 1. LLOQ, dynamic range and accuracy

E1 E2
Dilution Expected Measured CV of Accuracy Measured CV of Accuracy
factor (pg/mL) (mean, pg/mL)  Triplicates (%) (%) (mean, pg/mL)  Triplicates (%) (%)
256 3.91 35 18.8 90.5 4.4 7.1 112.8
128 7.81 8.4 45 107.0 8.0 9.0 102.2
64 15.63 15.8 94 101.2 18.0 5.1 115.2
32 31.25 28.7 0.6 92.0 31.0 8.8 99.1
16 62.50 56.7 48 90.7 60.8 6.7 97.2
8 125.00 107.2 39 85.8 116.1 6.8 929
4 250.00 224.2 74 89.7 2422 44 96.9
2 500.00 484.2 35 96.8 492.2 24 98.4
1 1000.00 1019.3 8.9 101.9 1032.5 9.1 103.2
Mean 95.1 102.0
1200 7 1200
Estrone (E1) Estradiol (E2)
1000 Slope = 1.02 1000 Slope = 1.02
g Correlation = 0.998 Correlation = 0.998
2 800-
o
=
©
£ 600
8
5
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= 200
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0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200

Expected concentration (pg/mL)

Figure 3: Linearity (Deming regression)

Expected concentration (pg/mL)



82 —
El:——
SRM: 269->145
3.5 pg/mL

E2:
SRM: 271->183
4.4 pg/mL

Intensity

-
~o NS =

0 T T I I
2.1 2.4 2.7 3.0

Retention Time (min)
Figure 4. SRM chromatograms of E1 and E2 at their LLOQ in spiked CSS

4. Precision B) Pooled human plasma samples: Precision was also as-

sessed with a spiked human plasma pool (35.4 pg/mL
of E1 and 18.1 pg/mL of E2, n=5) and the determined
intra-batch CV was 2.2% and 3.6% for E1 and E2,
respectively.

A) CSS samples: Precision was first assessed with spiked CSS
at two concentration levels (12 and 300 pg/mL). Inter-
(n=15) and intra-batch (n=5) CV values ranged between
1.6% to 12.5% (Table 2).

Table 2. Precision data

E1 E2
Charcoal Stripped Serum Low (12 pg/mL)  High (300 pg/mL) Low (12 pg/mL)  High (300 pg/mL)
Batch 1 Intra-assay Precision (n=5, %) 7.1 6.9 9.4 6.7
Batch2  Intra-assay Precision (n=5, %) 55 1.6 12.5 30
Batch 3 Intra-assay Precision (n=5, %) 7.2 49 8.0 3.1
Batch 1-3  Inter-assay Precision (n=15, %) 7.3 47 109 4.4

Spiked Pooled Plasma

E1(35.4 pg/ml) E2(18.1 pg/ml)

Precision (n=5, %)

22

36
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6. Carryover

Figures 6 and 7 show the SRM chromatograms of E1 and
No carryover was observed in the solvent blank injection E2 in two individual plasma samples.
that was right after a processed spiked CSS sample with E1

and E2 concentration at 300 pg/mL.
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Figure 6: SRM chromatograms of E1 and E2 in human plasma sample 1 (male)
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Figure 7: SRM chromatograms of E1 and E2 in human plasma sample 2 (female)

Conclusion

We have developed and fully validated a simple, fast and
sensitive LC-APCI-MS/MS method for measurement of

E1 and E2 in serum/plasma without derivatization. The
LLOQ for E1 and E2 are 3.5 and 4.4 pg/mL, respectively.
The method was linear between 3.5 and 1019.3 pg/mL for
E1, and 4.4 and 1032.5 pg/mL for E2. No ion suppression
or carryover was observed. In addition, for clinical
research laboratories, this method offers high precision
and recovery.
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Introduction

High performance liquid chromatography — tandem mass
spectrometry (HPLC-MS/MS) is now widely accepted for
measurement of vitamin D metabolites. Many clinical
research laboratories use 1-dimensional (1D) chromatogra-
phy (for example, a single HPLC pump and chromatogra-
phy column) with a triple stage quadrupole mass spec-
trometer. Various sample cleanup protocols, such as solid
phase extraction (SPE), liquid-liquid extraction (LLE), and
protein precipitation (PPT), have been applied in these
analyses. Frequently, interfering peaks are seen in 25-OH
vitamin D3 chromatograms, adversely affecting peak inte-
gration and leading to poor accuracy and reproducibility.
Here we investigate the use of 2-dimensional chromatogra-
phy using TurboFlow technology to remove all interfering
peaks and significantly improve data quality.

Goal

Compare three methods for the quantitative analysis of
25-OH vitamin D /D.: a validated, online TurboFlow™
method; a commercially available 2D-SPE-LC-MS/MS
kit method (Chromsystems MassChrom® 25-OH
Vitamin D/D,); and a 1D chromatography method.

Table 1. Calibrator levels.

Cal1 Cal 2 Cal 3 Cal 4
Calibrator (nmol/L) (nmol/L) (nmol/L) (nmol/L)
25-0H Vitamin D3 9.9 478 86.2 174.0
25-0H Vitamin D2 0.0 375 723 146.0

Table 2. Quality control levels.

Mean Mean
25-0H vitamin D, 25-0H vitamin D,
(nmol/L) (nmol/L)
ac1 771 727
Qc2 167 150

Experimental Conditions

Sample Preparation

A 100 pL sample of plasma was mixed with 200 pL inter-
nal standard (IS) in acetonitrile, vortexed, and centrifuged.
For analysis, 50 pL of supernatant was injected onto the
column. Details of the commercial calibrator and QC
values (Chromsystems) used in each assay are provided in
Tables 1 and 2. (Please note that the control product has
since been reformulated to validate borderline D, insuf-
ficiency and normal levels.) These commercial products
were validated against in-house calibration and control
material over a wider dynamic range.

HPLC

HPLC analysis was performed using the Thermo Scien-
tific Transcend TLX-1 system powered by TurboFlow™
technology. For analysis, a TurboFlow XL C18 extraction
column (50 x 0.5 mm) and a Thermo Scientific Hypersil
GOLD analytical column (50 x 2.1 mm, 1.9 pm) were
used. For 1D analysis, the analytical column alone was
used. For the commercial 2D set up, columns provided
within the 2D-SPE-LC-MS/MS kit were used. Eluents for
the TurboFlow method were 0.1% formic acid, methanol
+0.1% formic acid, and acetonitrile/IPA/acetone blend
(wash solution).


http://www.revbase.com/tt/sl.ashx?z=73090c66&dataid=283011
http://www.revbase.com/tt/sl.ashx?z=73090c66&dataid=283011

Mass Spectrometry

MS analysis was carried out on a Thermo Scientific TSQ
Quantum Ultra triple stage quadrupole mass spectrometer.
Atmospheric pressure chemical ionization (APCI) was used
to generate the [M-H,O]+ ion for 25-OH vitamin D,, D,
and the IS.

Results and Discussion

Example calibration lines for the D, and D, metabolites
analyzed by the TurboFlow LC-MS/MS method are pre-

sented in Figures 1A and 1B.

Examples of a plasma sample analyzed by the 1D
LC-MS/MS method and by the TurboFlow method are
provided in Figures 2A and 2B, respectively. There is an
interference peak observed in the LC-MS/MS 25-OH-D,
selected reaction monitoring (SRM) extracted ion chro-
matogram (XIC). This is commonly observed in analyses
where only 1D LC-MS/MS is utilized. When using the
TurboFlow method, the interference is removed and larger
peak areas with better signal-to-noise ratios are achieved.
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Figure 1. Calibration curves for 25-0H vitamin D, (A) and 25-OH vitamin D, (B) by TurboFlow LC-MS/MS.
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Although cleanup is improved when using other 2D
LC-MS/MS methods, interferences are still observed in the
25-OH-D, XIC (Figure 3A). Furthermore, at the bottom
of the range for 25-OH-D, (~10 nmol/L), is detected with
greater analytical sensitivity and less noise when analyzed
using the TurboFlow method versus a 2D SPE cleanup
procedure (Figure 3B).

The 2D-LC-MS/MS approach reduces SRM
interferences in the 25-OH-D, XICs because the
integration of the analyte peak is easier and more accurate.
An example of the impact of these interferences on peak
integration is shown in Figures 4A and 4B. Here, the result
for an individual with normal levels of 25-OH-D, would
be reported incorrectly due to the high level of interference
merging with the analyte peak, and thus, affecting the peak
integration.

Conclusion
The TurboFlow method described here has been developed
and validated to industry recommended guidelines for
clinical laboratories.

Isobaric interferences observed with a 1D LC-M$S/
MS method at low 25-OH D, metabolite concentrations
were much reduced by using a 2D-LC-MS/MS approach,
and even further improved by using TurboFlow technol-
ogy. The Transcend™ TLX-1 LC-MS/MS with TurboFlow
technology improved the sensitivity and the signal-to-noise
ratio.
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Figure 4. XICs for 25-OH vitamin D, by (A) TurboFlow method and (B) 1D LC-MS/MS analysis of a sample at normal levels of analyte
(83 nmol/L).
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Introduction

1,25-dihydroxyvitamin D (1,25D) tests are important
in conducting clinical research in chronic renal failure
and hypoparathyroidism. Circulating 1,25D levels

are a thousand-fold less than 25-hydroxyvitamin D
levels, making it a challenging test that benefits from
immunoaffinity purification prior to analysis with liquid
chromatography coupled to tandem mass spectrometry
(LC-MS/MS). In this work, both 1,25D, and 1,25D,
were extracted from human plasma using immunoaffinity
extraction and quantified with LC-MS/MS.

Goal

To validate a very sensitive LC-MS/MS method to quantify
1,25-dihydroxyvitamin D by combining immunoaffinity
extraction and highly selective atmospheric pressure
chemical ionization (APCI).

Materials

ImmunoTube® kits (KM1000) were purchased

from Immundiagnostik AG (Bensheim, Germany).
Immunoextraction tubes, washing and eluting buffers,
and calibrators (CAL1 and CAL2) and controls (CTRL1
and CTRL 2) were provided in the KM1000 