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Abstract
Anterior gradient 2 (AGR2) is a secreted, cancer-associated protein in many types of epithelial
cancer cells. We developed a highly sensitive targeted mass spectrometric assay for quantification
of AGR2 in urine and serum. Digested peptides from clinical samples were processed by PRISM
(high pressure and high resolution separations coupled with intelligent selection and
multiplexing), which incorporates high pH reversed-phase LC separations to fractionate and select
target fractions for follow-on LC-SRM analyses. The PRISM-SRM assay for AGR2 showed a
reproducibility of <10% CV and LOQ values of ~130 pg/mL in serum and ~10 pg per 100 μg total
protein mass in urine, respectively. A good correlation (R2 = 0.91) was observed for the
measurable AGR2 concentrations in urine between SRM and ELISA. Based on an initial cohort of
37 subjects, urinary AGR2/PSA concentration ratios showed a significant difference (P = 0.026)
between non-cancer and cancer. Large clinical cohort studies are needed for the validation of
AGR2 as a useful diagnostic biomarker for prostate cancer. Our work validated the approach of
identifying candidate secreted protein biomarkers through genomics and measurement by targeted
proteomics, especially for proteins where no immunoassays are available.
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INTRODUCTION
Prostate cancer is the most common cancer in men in the US with 241,740 new cases and
28,170 prostate cancer-related deaths in 2012.1 Prostate cancer ranks as the second leading
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cause of cancer death in men and accounts for 29% of all male cancers and 9% of male
cancer-related deaths.2 One standard clinical test that measures the level of prostate-specific
antigen (PSA) in blood is currently being used for early detection of this cancer. However,
serum PSA is an imperfect biomarker with an inherent flaw because PSA, although prostate
specific, is not cancer-specific. Blood PSA levels can be increased by causes not related to
cancer.3 Thus, PSA screening results in many unnecessary biopsies of men showing
abnormal PSA levels, and misses some men with normal PSA levels but harboring cancer.
Recently, two prostate cancer-specific urinary tests for measuring PCA3 and
TMPRSS2:ERG fusion transcript levels were introduced for detecting cancer cells
presumably released into the urine by an attentive digital rectal exam.4 Compared with
serum PSA, PCA3 shows higher specificity but lower sensitivity.5 For TMPRSS2:ERG, the
principal drawback is that this fusion event is absent in 40–50% of the Caucasian cancer
cases.6 There remains an urgent need to develop new specific molecular biomarkers for
early diagnosis and means to better stratify prostate cancer patients for treatment.

Recent studies have shown that anterior gradient 2 (AGR2) is a potentially useful urine
biomarker for prostate cancer.7–9 AGR2 is a secreted, cancer-associated protein and
upregulated in many types of epithelial cancer,10,11 including breast,12,13 lung,14,15 colon,16

ovarian,17,18 esophageal,19 and pancreatic20,21 beside prostate. Compared with non-cancer,
AGR2 is highly expressed in prostate cancer at both the mRNA and protein levels.8,9 In
particular, good performance of urinary AGR2/PSA transcript ratio has been recently
demonstrated for differentiating prostate cancer patients from non-cancer.8 Therefore, there
is a need to assess the potential utility of AGR2 in urine or blood as a cancer biomarker.

Liquid chromatography (LC)-selected reaction monitoring (SRM) has recently emerged as a
promising alternative to immunoassays for protein quantification due to its high specificity
and multiplexing capability.22,23 Immunoassay development is time consuming involving
the generation of highly specific monoclonal antibodies. A major limitation of typical LC-
SRM analysis is the insufficient sensitivity to detect low-abundance protein biomarkers in
body fluids (e.g., less than 1 ng/mL in blood plasma/serum), cells or tissues.22 To address
this issue, sample prefractionation24 and/or immunoaffinity enrichment strategies25,26 have
been implemented to enhance SRM sensitivity. Recently, we developed an antibody-free,
targeted mass spectrometric approach termed high pressure and high resolution separations
coupled with intelligent selection and multiplexing (PRISM) for highly sensitive
quantification of serum proteins at the sub-ng/mL levels.27 To enable validation of AGR2 as
a potential cancer biomarker, we aimed to develop a reliable and highly sensitive PRISM-
SRM assay for quantification of AGR2 at low pg/mL levels in both urine and serum samples
in this study.

EXPERIMENTAL PROCEDURES
Reagents

Urea, dithiothreitol (DTT), iodoacetamide, ammonium formate, trifluoroacetic acid (TFA)
and formic acid were purchased from Sigma (St. Louis, MO). The synthetic peptides labeled
with 13C/15N on C-terminal lysine and arginine residues were from Thermo Scientific (San
Jose, CA). The heavy peptides for PSA protein were estimated to be of >95% purity by
HPLC and the purity of crude heavy peptides for AGR2 (UniProt ID: Q4JM46) was not
known. Recombinant AGR2 (>95% purity) used for generating calibration curves was
purchased from GenWay Biotech, Inc (San Diego, CA).
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Human Specimens
The use of human urine and blood serum samples was approved by the Institutional Review
Boards of the University of Washington, Pacific Northwest National Laboratory, University
of Texas Health Science Center at San Antonio, and Johns Hopkins University in
accordance with federal regulations. The urine samples were collected from consented pre-
operative patients (incident cases), and their tumor characteristics were described in a
previous report.9 The control specimens were obtained from healthy men with no cancer
diagnosis (normal PSA and/or DRE finding). Donors were recruited with written consent.
Clinical serum samples were obtained from patients undergoing PSA testing for prostate
cancer at UT San Antonio and were analyzed in a CLIA certified laboratory at Johns
Hopkins.

Urine and Serum Sample Processing and Digestion
Voided urine samples were collected and usually processed within 2 h. The urine samples
were partitioned into supernatant for protein analysis and sediment for RNA analysis by
centrifugation at 1,000 g for 5 min. The supernatant was stored at −80° C. There was
generally insufficient protein material from the sediment for PRISM-SRM measurement.
Fifteen mL of urine were desalted and concentrated using Amicon® Ultra-15 (3 kDa
nominal molecular weight cut-off, Millipore, Billerica, MA).28 Protein concentrations were
determined by the BCA assay (Pierce, Rockford, IL). Concentrated urinary proteins from
each sample, ranging from 200 to 300 μg, were denatured and reduced with 8 M urea and 10
mM DTT in 50 mM NH4HCO3, pH 8.0 for 1 h at 37° C. Protein cysteine residues were
alkylated with 40 mM iodoacetamide for 1 h at room temperature in the dark. The sample
was diluted 6-fold with 50 mM NH4HCO3, pH 8.0, and digested by sequencing-grade
modified porcine trypsin (Promega, Madison, WI) with a 1:50 trypsin:protein ratio (w/w) at
37 °C overnight. The resulting digest was then desalted by using a 1 mL SPE C18 column
(Supelco, Bellefonte, PA) as described previously.29 The final peptide concentration was
determined by BCA. The peptide sample was diluted to 0.5 μg/μL with 0.1% formic acid in
water, and heavy isotope-labeled synthetic peptides at an equimolar concentration
(approximately 10 fmol/μL of crude heavy peptides for AGR2 and 0.5 fmol/μL of high
purity heavy peptides for PSA) were spiked in.

For prostate cancer patient serum samples, 125 μL of serum was first loaded onto IgY14
immunoaffinity column to remove 14 high-abundance proteins as described previously.27

The IgY14 flow-through proteins were then digested using the same protocol as described
above for the urine samples.

Generation of Calibration Curve Using Recombinant AGR2
Ten μg of recombinant AGR2 were digested as described above. The digested AGR2 was
added to a digested urine peptide sample (with a concentration of 20 ng/μL) at 0, 0.1, 0.25,
0.5, 1, 2.5, 5, 7.5, 10, 50, 100 and 500 pg/μL levels. Heavy synthetic crude peptides were
also spiked into each sample at a concentration of approximately 100 fmol/μL and the final
sample preparations were analyzed by LC-SRM. The generated AGR2 calibration curves
were only used for calculating the endogenous AGR2 protein concentrations in patient urine
or sera, not for determining the LOD and LOQ (the diluted urine was used as the matrix to
reduce sample loss because all our urine samples have certain amounts of AGR2 protein).

SRM Assay Configuration
Ten tryptic surrogate peptides were initially chosen for AGR2 based upon in silico trypsin
digestion and existing MS/MS data from our laboratory and the Global Proteome Machine
(GPM). These peptides were then evaluated by ESP predictor30 and CONSeQuence31
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software. Four peptides with moderate hydrophobicity and high scores from the prediction
tools, LAEQFVLLNLVYETTDK, GWGDQLIWTQTYEEALYK, HLSPDGQYVPR,
LPQTLSR, were selected for peptide synthesis. The synthesized crude heavy-isotope
labeled peptides were further evaluated for peptide response and fragmentation pattern.
Optimal collision energy (CE) values were achieved by direct infusion of the individual
peptides and/or multiple LC-SRM runs with CE ramping. Two best performing peptides,
HLSPDGQYVPR and LPQTLSR, were selected for detection and quantification of AGR2.
For each peptide, three best transitions were selected, and matrix interference was
determined. Briefly, the relative intensity ratios among the three final selected transitions for
the SRM assay were predefined by internal standard heavy peptides in a buffer. Matrix
interference for a given transition that fell into the mass width of Q1 and Q3 from co-eluting
peptides was determined by deviation from the expected relative intensity ratios between the
transitions. While three transitions per peptide were monitored, the best transition with no
matrix interference was used for generating the calibration curve and AGR2 quantification
in clinical urine and serum samples. We observed that the use of best transition with no
matrix interference for quantification while monitoring multiple transitions per peptide
provides the best specificity and sensitivity.

PRISM-SRM Measurement
The PRISM-SRM approach has been previously described for quantification of low-
abundance proteins in human plasma or serum.27 Briefly, high resolution reversed phase
capillary LC with pH 10 mobile phase was used as the first dimensional separation of
peptides from trypsin-digested human urine or serum (Figure S1). Following cLC
separation, the column eluent was automatically collected every minute into a 96-well plate
during a ~100 min LC run while on-line SRM monitoring of heavy internal standard
peptides was performed from a small stream of the flow. Intelligent selection (termed
iSelection) of target peptide fractions was achieved based on the on-line SRM signal of
internal standard peptides. Prior to peptide fraction collection, 17 μL of water was added to
each well of the 96-well plate to avoid loss of peptides and dilute the peptide fractions
(nearly 1:7 dilution) for LC-SRM analysis.

Following iSelection, the AGR2 target peptide-containing fractions were subjected to LC-
SRM measurement (Figure S1). All peptide fractions were analyzed by using
nanoACQUITY UPLC® system (Waters Corporation, Milford, MA) coupled on-line to a
TSQ Vantage triple quadrupole mass spectrometer (Thermo Scientific, San Jose, CA).
Solvents used were 0.1% formic acid in water (mobile phase A) and 0.1% formic acid in
90% acetonitrile (mobile phase B). Peptide separations were performed at a mobile phase
flow rate of 400 nL/min using an ACQUITY UPLC BEH 1.7 μm C18 column (75 μm i.d. ×
10 cm), which was connected to a chemically etched 20 μm i.d. fused-silica emitter via a
Valco stainless steel union. Either 1 μL of unfractionated urine digests or 4 μL of individual
peptide fractions (total volume 20 μL) following PRISM was injected for LC separations
using a binary gradient of 10–20% B in 7 min, 20–25% B in 17 min, 25–40% B in 1.5 min,
40–95% B in 2.5 min and 95% B for 6 min for a total of ~35 min. The TSQ Vantage was
operated in the same manner as previously described.27 The scan width of 0.002 m/z and a
dwell time of 40 ms were set for all SRM transitions.

Data Analysis
SRM data acquired on the TSQ Vantage were analyzed using Xcalibur 2.0.7 (Thermo
Scientific). Peak detection and integration were determined based on two criteria: 1) same
retention time; 2) approximately same relative SRM peak intensity ratios across multiple
transitions between light peptides and heavy peptide standards. All data were manually
inspected to ensure correct peak detection and accurate integration. The L/H SRM peak area

Shi et al. Page 4

J Proteome Res. Author manuscript; available in PMC 2015 February 07.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



ratio was used to generate the calibration curves and assess reproducibility. The RAW data
from TSQ Vantage were loaded into Skyline software32 to create high resolution figures of
extracted ion chromatograms (XIC) of multiple transitions monitored for the target proteins.
GraphPad Prism 6.0 was used for statistical analysis and plotting and P < 0.05 was
considered significant.

RESULTS
Peptide Selection

The best performing peptides identified were HLSPDGQYVPR and LPQTLSR for
quantification of AGR2. For PSA, IVGGWECcamEK (Ccam: cysteine residues synthesized
as carbamidomethyl cysteine) and LSEPAELTDAVK were selected based on previous
study results as the most effective in quantification.24,27 The labeled synthetic peptides were
added to test samples (urine and serum) for SRM analysis as shown in Figure 1.

Calibration Curves of the AGR2 SRM Assay
To quantify AGR2 concentrations in urine and serum, a calibration curve was generated by
spiking in tryptic digest of recombinant AGR2 protein at various concentrations to the same
diluted urine matrix (25-fold dilution) containing crude heavy isotope-labeled synthetic
peptides as internal standards. The calibration curve was used only to determine the
endogenous AGR2 concentrations rather than the limit of detection (LOD) and limit of
quantification (LOQ). Figure 2 shows the calibration curve from the best transition,
407.7/351.2, where an excellent linearity for AGR2 concentrations ranging from 0.1 pg/μL
to 500 pg/μL was observed with a median coefficient of variation (CV) of ~2.8% in
triplicate LC-SRM measurements (Table S1).

PRISM-SRM Measurements of AGR2 in Urine and Serum Samples
A conventional LC-SRM assay was explored first to detect AGR2 in prostate cancer patient
urine (Table S2). Both surrogate peptides of AGR2 were not detectable due to heavy matrix
interference (Figure 3). However, when PRISM-SRM was applied, both AGR2 endogenous
light peptides were readily detectable and quantifiable in all 37 urine samples [14 pre-
operative cancer (CP) and 23 non-cancer (NP) samples]. Figures 3A and 3B show one
example of XIC of transitions monitored for the two AGR2 surrogate peptides with and
without the application of PRISM. Clearly, PRISM enabled sensitive detection of AGR2 in
the urine due to the enrichment of targeted peptides and dramatically reduced background
interference.

PRISM-SRM was also applied for quantification of AGR2 levels in a set of serum samples
collected from prostate cancer patients with known blood PSA levels (measured by ELISA).
The abundance of AGR2 in blood has been reported to be very low, less than 1 ng/mL level
in human serum and beyond detection by our current AGR2 ELISA assay,9 though others
have reported a sensitive AGR2 ELISA assay at detecting 100 pg/mL levels of AGR2
protein in the blood of ovarian cancer patients.18 That ELISA, unlike ours based on two
monoclonal antibodies, used a monoclonal and a rabbit polyclonal. Polyclonals are by nature
not as stringent as monoclonals. Therefore, IgY14 immunoaffinity depletion was applied
prior to PRISM to provide sufficient sensitivity for PRISM-SRM detection of AGR2 in
human serum. SRM signals of light peptides derived from the endogenous serum AGR2
were confidently detected in patient sera with a signal-to-noise ratio (S/N) >3 (Figure S2).
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Quantification of AGR2 Concentration
With the established calibration curve and the measured L/H peak area ratios for individual
samples, the AGR2 concentration in each sample could be calculated and expressed as pg/
100 μg total protein mass for urine and pg/mL for serum (Supplemental Methods,
Supporting Information). The L/H peak area ratios and the calculated AGR2 concentrations
in prostate cancer patient urine are summarized in Table 1. For serum AGR2 concentrations,
however, the calibration curve of the transition, 407.7/604.3, from LPQTLSR was used
because matrix interference was observed for the best transition, 407.7/351.2 (Figure S2).
Except one patient serum sample with an S/N ratio lower than 10, the AGR2 protein
concentration of the other clinical serum samples could be accurately quantified using
PRISM-SRM. A correlation between AGR2 levels and PSA concentrations was observed
for the 5 patient serum samples tested (Figure S4), suggesting that AGR2 was potentially
associated with the presence of prostate cancer. More clinical samples are being collected to
demonstrate this correlation between AGR2 and PSA protein concentrations in sera.

Precision and LOQ of the AGR2 Assay
The reproducibility of AGR2 SRM assay was assessed by process replicates, where five
identical aliquots from the same urine samples were processed using the same overall
procedures including concentration, trypsin digestion, SPE cleanup, and PRISM-SRM.
Three technical replicates (three LC-SRM analyses) were also performed for each
individually processed sample. The observed CV across the five process replicates was 6.6%
for the transition 407.7/351.2 and 5.0% for the transition 407.7/476.3 (Table S3 and
Supplemental Methods), illustrating good precision of the assay to measure low-abundance
AGR2 in human urine.

LOQ of the assay was estimated based on S/N ≥10 and measurement CV <25%.27 Due to
the presence of endogenous AGR2 in human urine and serum, LOQs were estimated using
the samples with the lowest quantified AGR2 concentrations without spiking-in of
recombinant AGR2 protein into human urine or serum matrix. Two selected cancer patient
urine samples, P07-029CP and P06-003CP, have the lowest AGR2 concentrations at 3.0 pg
and 12.1 pg per 100 μg total protein, respectively (Table 1). An average S/N of 6.7 was
observed for P07-029CP, and 10.8 for P06-003CP, which suggested that LOQ for PRISM-
SRM quantification of AGR2 in human urine is ~10 pg per 100 μg total urinary protein. To
determine LOQ for human serum, three patient serum samples with lower AGR2
concentrations (130.9 pg/mL; 139.9 pg/mL; 111.7 pg/mL) were selected (Table S4), and
their average S/N ratios were 9.7, 13, and 6.1, respectively. Thus, the LOQ of PRISM-SRM
for quantification of AGR2 in human serum is ~130 pg/mL when combined with IgY14
immunoaffinity depletion.

Correlation between PRISM-SRM and ELISA Results
To further confirm the accuracy of PRISM-SRM measurements, results for prostate patient
urine samples measured by PRISM-SRM and ELISA were compared. In both assays, the
concentrations were expressed as pg of AGR2 per 100 μg total urinary protein. A good
correlation, R2 = 0.91, was observed (Figure 4). However, the AGR2 concentration
measured by SRM was nearly 4.5-fold higher than that by ELISA.

Ratio of Urinary AGR2/PSA Concentration as a Potential Biomarker
Urinary AGR2 concentrations between cancer (n = 14) and non-cancer (n = 23) subjects
were compared; however, there was no significant difference (Kolmogorov-Smirnov test, P
= 0.068) of AGR2 abundance between cancer (mean value: 168.2 pg/100 μg urinary protein)
and non-cancer (median value: 223.4 pg/100 μg urinary protein) subjects (Figure 5A).
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Recently, in a clinical-grade PCA3 assay, a PCA3 score was generated by normalization of
the expression levels of PCA3 mRNA to those of PSA mRNA (which served as a monitor
for the abundance of prostate cancer cells).33 This concept of normalization in the PCA3
assay was adopted to calculate the ratio of urinary AGR2/PSA protein concentrations for all
37 samples. The L/H ratio of PSA in urine was obtained by direct LC-SRM measurements
without PRISM due to the relatively high-abundance of PSA in male urine (Table S6). The
urinary AGR2/PSA protein concentration ratio was calculated by dividing the L/H peak area
ratio of AGR2 against the L/H peak area ratio of PSA because heavy internal standards were
spiked into all urine samples at the same concentrations (Table S6). A significant difference
(Kolmogorov-Smirnov test, P = 0.026) was observed for the urinary AGR2/PSA protein
concentration ratios between cancer (mean value: 0.2488) and non-cancer (mean value:
0.0045) subjects (Figure 5B). These results suggested a potential utility of urinary AGR2/
PSA ratio as a prostate cancer biomarker.

DISCUSSION
Since AGR2 is a secreted cancer-associated protein for many types of epithelial cancer, a
sensitive and robust assay is needed for assessment of its utility in cancer diagnosis or
prognosis. We described here the development of a sensitive PRISM-SRM assay for
quantification of AGR2 at pg/mL levels in human urine and serum samples with high
precision. While a relatively good correlation was observed between PRISM-SRM and
ELISA measurements, the higher levels of AGR2 quantified by PRISM-SRM may be
attributable to the detection mechanisms.27 Targeted mass spectrometry-based assays
measure the total AGR2 in bodily fluids under denaturation conditions whereas ELISA
measures AGR2 depending on antibody binding efficiency and epitope availability. Similar
observations have been previously reported for SRM and ELISA measurement of total PSA
in serum.34,35

Compared with antibody-based immunoassays, PRISM-SRM offers, in addition,
multiplexing capability for simultaneously quantifying many proteins in complex biological
samples.27 However, its overall throughput is reduced by the need of ~2 hour for capillary
LC enrichment of target analytes. Unlike antibody-based immunoassays (where 96 or 384
samples can be processed concurrently), PRISM-SRM analyzes one sample at a time.
Therefore, PRISM-SRM serves as a complementary and/or alternative technique to
antibody-based immunoassays especially when high-quality antibodies for sensitive
immunoassays are not available. Importantly, it could move otherwise intractable candidate
protein markers into large-scale clinical validation studies.

In an initial cohort of urine samples, the AGR2 concentrations measured by PRISM-SRM
ranged from 3.0 to 963 pg/100 μg total urinary protein mass. However, there is no
significant difference in AGR2 concentrations between cancer and non-cancer subjects.
These results seem to be contradictory to previous studies showing AGR2 mRNA
expression highly elevated in prostate cancer patients.9,36 This discrepancy can be largely
attributed to the large degree of variations in urinary protein concentration between subjects
or within subjects, and therefore additional normalization procedures may be helpful for
reducing sample variation. For example, the urinary PCA3 and TMPRSS2:ERG assays were
both based on the normalization of PCA3 or TMPRSS2:ERG values with PSA mRNA.6,33

Similarly, urinary AGR2 mRNA assay was also normalized to PSA transcript in a report by
Bu et al.,8 which demonstrated that the urinary AGR2/PSA mRNA ratio provided much
better discrimination between cancer and benign than serum total PSA or % free PSA. The
normalization strategy similar to AGR2 over PSA at the mRNA level has been adopted to
normalize AGR2 protein concentration against urine PSA protein concentration as a
measure of AGR2 contributed by the prostate. In cancer cases, an extra source of AGR2 is
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the tumor component in the prostate. Indeed, the urinary PSA by itself has no value in
distinguish between cancer vs. non-cancer; however, the urinary AGR2/PSA ratio provided
much better differentiation of cancer from non-cancer, and is potentially useful as a urine
marker for prostate cancer. Additional evidence supporting the association of AGR2 with
prostate cancer was the observed good correlation between serum AGR2 and PSA
concentrations in the prostate cancer patient sera analyzed. This observation supports the
hypothesis that both PSA and AGR2 are being released from the prostate.36 It was recently
reported that AGR2 levels varied independently of PSA levels in prostate cancer.37 To the
best of our knowledge, that data was generated by utilizing a not well-tried, newly
developed commercial AGR2 ELISA assay to quantify serum AGR2 with measured levels
of 10–2,500 ng/mL,37 which is much higher than that detected by our MS-based assay.
Certain commercially available (polyclonal) antibodies are known to be notoriously
nonspecific and cross-react with other proteins. Another indication of non-specificity was
their detection of AGR2 in neuroendocrine tumors.38 These prostate tumors are negative for
AGR2 expression. Without a rigorous characterization of the specificity of these ELISA
reagents, the data generated can be problematic, especially when a thousand fold difference
(pg/mL vs. ng/mL) in the quantification is observed when compared to our PRISM-SRM
measurements. If AGR2 were in the ng/mL range (as PSA), it would have been more than
likely discovered earlier by global proteomics profiling. Transcriptome data from sorted
prostate cancer cells showed AGR2 array signal value was at least 3-fold lower than that of
PSA.9 Our results confirmed the low-abundance levels of AGR2 in both urine and serum,
and demonstrated that the robust PRISM-SRM assays provided superior sensitivity and
specificity.

In conclusion, we have developed a highly sensitive PRISM-SRM assay for quantification
of AGR2 at low pg/mL levels in prostate cancer patient urine and serum with high
specificity. Our results indicate that urinary AGR2/PSA ratio is potentially useful for the
differentiation of prostate cancer from non-cancer subjects. This assay should facilitate
validation of AGR2 as a urine or serum biomarker for prostate cancer or other cancers using
larger clinical cohorts.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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AGR2 anterior gradient 2

CV coefficient of variation

ELISA enzyme-linked immunosorbent assays

XIC extracted ion chromatogram

LC liquid chromatography

Shi et al. Page 8

J Proteome Res. Author manuscript; available in PMC 2015 February 07.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



L/H peak area ratio of light to heavy peptides

PSA prostate-specific antigen

S/N signal-to-noise ratio

SRM selected reaction monitoring

TFA trifluoroacetic acid
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Figure 1.
PRISM-SRM workflow for sensitive detection and quantification of AGR2 in urine and
serum.
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Figure 2.
Calibration curve for quantifying AGR2 using diluted urine (20 ng/μL) as the matrix.
Recombinant AGR2 with a concentration range from 0.1 to 500 pg/μL was spiked into the
diluted urine. The inset plot shows details of the low concentration points. Except for the
high concentration point, the error bars of the other concentration points are smaller than the
size of the points (Table S1).
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Figure 3.
Extracted ion chromatograms (XIC) of transitions monitored for AGR2 signature peptides
LPQTLSR and HLSPDGQYVPR in a prostate cancer urine sample (A) without PRISM; (B)
with PRISM. LPQTLSR: 407.7/351.2 (red), 407.7/476.3 (purple), 407.7/604.3 (blue);
HLSPDGQYVPR: 634.8/1018.5 (red), 634.8/1131.6 (blue). Internal standards (top XIC)
were spiked at10 fmol/μL. The blue arrows in (A) indicate the locations of expected SRM
peak apices of light peptides (bottom XIC) based on the retention time of heavy internal
standards.
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Figure 4.
Correlation between PRISM-SRM and ELISA measurements of AGR2 in urine samples.
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Figure 5.
AGR2 as a potential urine biomarker for prostate cancer. (A) AGR2 concentrations between
non-cancer and cancer subjects (Kolmogorov-Smirnov test, P = 0.068); (B) AGR2/PSA
concentration ratios between non-cancer and cancer subjects (Kolmogorov-Smirnov test, P
= 0.026).
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