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a  b  s  t  r  a  c  t

Currently,  the  absolute  quantification  of  human  transferrin  (hTRF)  is  based  on several
techniques  other  than  mass  spectrometry.  Although  these  techniques  provide  valu-
able information  on protein  levels  and  can be  extremely  sensitive,  they  often  lack  the
specificity  and  reproducibility  that  can  be  provided  by mass  spectrometry.  In this  study,  a  liquid
chromatography–tandem  mass  spectrometry  (LC/MS/MS)  based  targeted  proteomics  assay  was  devel-
oped and  validated  for  the  determination  of  transferrin  in  human  serum.  We  selected  the  tryptic  peptide
108EDPQTFYYAVAVVK121  as  the  surrogate  analyte  for  quantification  and  used  a  stable  isotope-labeled
synthetic  peptide  with  this  sequence  as  an internal  standard.  Sample  cleanup  and  enrichment  were
achieved  using  solid  phase  extraction.  The  validated  calibration  range  was  from  500  to  5000  ng/mL.  The
intra- and  inter-day  precisions  were  less  than  4.9%  and  9.0%,  respectively.  The  bias  for  the quality  control
ethod validation
linical application

(QC)  samples  was  less  than  5.4%.  Finally,  this  assay  was  successfully  applied  to the  quantitative  analysis
of  transferrin  in clinical  samples.  The  obtained  values  were  assessed  by independently  measuring
transferrin  in  the  same  samples  using  a commercially  available  immunoturbidimetric  assay.  As  a  result,
the absolute  concentrations  determined  by the  LC/MS/MS  assay  compared  well  with  those  obtained  with
the immunoturbidimetric  method;  however,  the  LC/MS/MS  assay  afforded  more  reliable  transferrin
values  at  low  concentrations.
. Introduction

Human transferrin (hTRF) is the principal iron-transporting pro-
ein in the body. Its main function is to bind circulating iron and
ransport it to a range of cell types [1]. Thus, the absolute quantifi-
ation of hTRF is usually performed in clinical situations where ion
etabolism is evaluated (e.g., anemia [2]). In addition, a number of

tudies have indicated that hTRF in serum and other body fluids is a
otential biomarker for the early detection of certain cancers, such
s colon cancer [3] and oral cancer [4].  These findings provided the
ncentive for developing an accurate and precise cancer-screening
ssay.

To date, several assays have been developed and validated
or the measurement of hTRF. Most utilize techniques other than
ass spectrometry, such as western blot analysis, enzyme-linked
mmunosorbent assays (ELISAs) and radioimmunoassays (RIAs).

hile these techniques provide valuable information on protein
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levels and can be extremely sensitive, they often lack the speci-
ficity and reproducibility that mass spectrometry can offer [5].
Additionally, poor agreements between different assays for protein
quantification have been reported [6,7]. Because of these issues,
mass spectrometry has been developed and applied as an alterna-
tive technique.

Mass spectrometry techniques, such as the “shotgun” strategy,
have been used as powerful tools for the relative quantitative mea-
surement of proteins on a proteomic scale [8,9]. However, these
types of approaches are generally non-targeted, i.e., in each mea-
surement, they stochastically sample a fraction of the proteome
that is usually biased toward the higher end of the abundance
scale [10,11]. Therefore, there is a growing interest in targeted pro-
teomics where a limited number of proteins are pre-selected and
quantified [12,13].

The underlying principle of targeted analysis is to specifically
detect and determine a protein of interest at the peptide level.
The peptides are generated by proteolytic digestion of the targeted
protein and serve as surrogate analytes. Selected reaction monitor-

ing (SRM or MRM)  on a triple quadrupole instrument is generally
employed for quantification, and liquid chromatography coupled
with tandem mass spectrometry (LC/MS/MS) assays are developed
to detect fragment ion signals from those unique peptides [13].

dx.doi.org/10.1016/j.jchromb.2012.06.006
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:ychen@njmu.edu.cn
mailto:yun.chen.chem@gmail.com
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hen, the absolute quantification of proteins in biological samples
an be accomplished. Recently, there has been increasing support
or targeted proteomics with high sensitivity, selectivity and wide
ynamic range [14].

In this report, we demonstrate that proteolysis, followed by
he monitoring of a specific enzymatic cleavage fragment using
C/MS/MS, can be used to absolutely quantify serum hTRF. A stable
sotope-labeled synthetic peptide was used as an internal stan-
ard, and the assay was validated. Finally, this assay was applied to
he quantitative analysis of hTRF in clinical samples. The resulting
alues were compared to those obtained with a validated immuno-
urbidimetric method.

. Materials and methods

.1. Chemicals and reagents

The hTRF and human serum albumin (HSA) were purchased
rom Sigma–Aldrich (St. Louis, MO,  USA). Ammonium bicarbonate
NH4HCO3) was obtained from Qiangshun Chemical Reagent Co.
td. (Shanghai, China). dl-dithiothreitol (DTT) and iodoacetamide
IAA) were both supplied by Sigma–Aldrich (St. Louis, MO,  USA).
equencing-modified grade trypsin was purchased from Promega
Madison, WI,  USA). Phosphate buffered saline (PBS) was purchased
rom Beyotime Institute of Biotechnology (Jiangsu, China). Acetoni-
rile (ACN) and methanol were obtained from Tedia Company, Inc.
Fairfield, OH, USA). Trifluoroacetic acid (TFA) and formic acid (FA)
ere provided by Aladdin Chemistry Co. Ltd. (Shanghai, China)

nd Xilong Chemical Industrial Factory Co. Ltd. (Shantou, China),
espectively. Water was purified and deionized with a Milli-Q sys-
em manufactured by Millipore (Bedford, MA,  USA).

.2. Preparation of stock solutions, calibration standards and
uality controls (QCs)

The hTRF was accurately weighed, and a 1 mg/mL stock solu-
ion was prepared by dissolving the protein in deionized water.
he solution was stored at −20 ◦C in a brown glass tube to protect
t from light. In this report, an isotope-labeled synthetic peptide

as used as an internal standard. Details about the selection of the
nternal standard are described below. The synthetic peptide was
lso weighed, and a 5 �g/mL stock solution was prepared in deion-
zed water. A 1000 ng/mL internal standard solution was prepared
y diluting the stock solution with a ACN:water mixture (50:50,
/v) containing 0.1% FA.

The hTRF calibration standards were prepared by a serial dilu-
ion of the stock solution using 5% HSA in phosphate buffered saline
PBS) as the matrix. The concentrations of the calibration standards
ere 500, 1000, 1750, 2500, 3000, 3750 and 5000 ng/mL. The QC

tandards (i.e., lower limit of quantification (LLOQ), low QC, mid  QC
nd high QC) were prepared at 500, 1500, 2500 and 4000 ng/mL,
espectively, in the same matrix and frozen prior to use.

.3. Serum depletion and in-solution tryptic digestion

Albumin and IgG were depleted from the samples using the
roteoPrep® Blue Albumin and IgG Depletion Kit (“ProteoPrep
lue,” Sigma Aldrich, St. Louis, MO,  USA) according to the manufac-
urer’s protocol. Then, 100 �L of each depleted sample was mixed
ith 50 �L of 50 mM NH4HCO3. Denaturation was performed at

5 ◦C for 8 min. Subsequently, the protein was reduced with an
ddition of 50 mM DTT to a final concentration of 10 mM  and incu-

ated at 60 ◦C for 20 min. The sample was then alkylated by adding
00 mM  IAA to a final concentration of 50 mM and incubated at
oom temperature for 6 h in the dark. Finally, 35 �g of sequencing
rade trypsin was added, and the sample was incubated at 37 ◦C for
 B 902 (2012) 10– 15 11

24 h. The reaction was stopped by adding 10 �L of 0.1% TFA. Then,
100 �L of the internal standard solution was added to the tryptic
peptide mixture before transferring it into an Oasis HLB cartridge
(60 mg/3 mL  Waters, Milford, MA,  USA) that was preconditioned
with 3 mL  ACN and 3 mL  deionized water. After the sample was
loaded, the cartridge was washed with 2 mL  of water and 2 mL  of
ACN:water (50:50, v/v) and eluted with 1 mL  of 100% ACN. Finally,
the eluent was  evaporated to dryness and then resuspended in
100 �L of ACN:water (50:50, v/v) containing 0.1% FA.

2.4. Matrix assisted laser desorption/ionization time-of-flight
(MALDI-TOF) mass spectrometry

A Bruker MALDI-TOF/TOF mass spectrometer (Bruker Dalton-
ics, Leipzig, Germany) was used to identify and acquire the relative
abundance of the tryptic peptides generated from the protein diges-
tion. The analysis was performed at 372 nm.  Positive ion MALDI
mass spectra were obtained using a radio frequency of 200 Hz, a
MS/MS  acceleration voltage of 21 kV and a m/z  range of 500–4000.
A 4 �g/�L  �-cyano-4-hydroxycinnamic acid (�-HCCA) matrix solu-
tion was  prepared in ACN:water (70:30, v/v) containing 0.1% TFA.
A 1 �L sample was spotted onto a target plate and allowed to dry at
room temperature. Then, 0.05 �L of the matrix solution was  applied
to the same position and dried before detection. Using MASCOT, a
human protein subset from the Swiss-Prot protein database was
used to search for the resulting mass data.

2.5. Stable isotope-labeled peptide internal standard

The most intense hTRF tryptic peptides identified in the MALDI-
TOF mass spectra were selected to verify its specificity for hTRF.
Their sequences were searched for exact matches using BLASTP
against the genome-derived human Ensembl peptides in Ensembl
Blastview (www.ensembl.org/Homo sapiens/blastview)  [9]. The
sequence unique to hTRF was used to design the stable isotope-
labeled internal standard. The stable isotope-labeled amino acid
was  supplied by Cambridge Isotope Laboratories, Inc. (Andover,
MA,  USA) and the isotope-labeled peptide was  developed by Chi-
naPeptides Co., Ltd. (Shanghai, China).

2.6. LC/MS/MS

An Agilent Series 1200 HPLC system (Agilent Technologies,
Waldbronn, Germany) and a 6410 Triple Quad LC/MS mass spec-
trometer (Agilent Technologies, Santa Clara, CA, USA) were used.

The liquid chromatography separations were performed on a
hypersil gold column (3 �m,  20 mm × 2.1 mm;  Thermo Fisher Sci-
entific, USA) at room temperature. The mobile phase consisted of
solvent A (0.1% FA in water) and solvent B (0.1% FA in methanol). A
linear gradient with a flow rate of 0.3 mL/min was  applied in the fol-
lowing manner: B 10% (0 min) → 10% (1 min) → 90% (4 min) → 90%
(8 min) → 10% (9 min). The injection volume was 10 �L.

The mass spectrometer was  interfaced with an electrospray
ion source and operated in the positive MRM  mode. Q1 and Q3
were both set at unit resolution. The flow of the drying gas was
10 L/min, while the drying gas temperature was held at 350 ◦C.
The electrospray capillary voltage was optimized to 4000 V. The
nebulizer pressure was  set to 45 psi. The data were collected and
processed using the Agilent MassHunter Workstation Software
(version B.01.04).
2.7. Method validation

Method validation involves linear range, accuracy, precision,
limit of quantification (LOQ) and recovery. The detailed procedures

http://www.ensembl.org/Homo_sapiens/blastview
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nd the acceptance criteria used to validate the assay have been
escribed in a number of publications [15].

.8. Comparative study

To examine the applicability of the developed assay, twenty
uman serum samples (separated from ∼5 mL  blood) were
btained from volunteers and were stored at −20 ◦C. This study
as approved by the institutional review board of Nanjing Med-

cal University. Twenty volunteers were consecutively recruited
etween January 2011 and December 2011 at the First Affiliated
ospital of Nanjing Medical University, Nanjing, China (ten men
nd ten women with a mean age and range of 32.5 and 15–45
ears, respectively). They were biologically unrelated, but they all
elonged to the Han Chinese ethnic group from the Jiangsu province

n China. In addition, ten of these volunteers, to their knowledge,
ere healthy and had no reason to consult their local doctors dur-

ng the preceding 12 months. The others were patients who  were
ewly diagnosed with diabetes, breast cancer, nephropathy or cir-
hosis. Informed consent was obtained from the subjects, and the
ollected samples were prepared and analyzed using the procedure
escribed above. Finally, the results were compared with those of a
ommercially available immunoturbidimetric assay. The immuno-
urbidimetric assay was performed at the First Affiliated Hospital of
anjing Medical University on a BN II nephelometer (Dade Behring,
arburg, Germany) with the corresponding Dade Behring reagents

or serum hTRF.

. Results and discussion

.1. Digestion efficiency
To generate a high-quality SRM assay, an efficient and spe-
ific trypsin digestion of proteins is first required [16]. Digestion
trategies may  employ organic solvents, heat, chaotropes or sur-
actants to denature the proteins before digestion to render more

ig. 1. The extracted ion chromatogram and the product ion spectrum of 108EDPQT-
YYAVAVVK121.
B 902 (2012) 10– 15

of the protein’s structure accessible to the proteolytic enzyme [17].
Organic solvents and heat were evaluated in this study because
chaotropes and surfactants (e.g., urea, SDS and guanidine HCl) can
inactivate proteases at high concentrations required for denatura-
tion and compete with peptide ions for adsorption on stationary
phases during liquid chromatography and for charge during mass
spectrometry. The results of the HPLC data indicated that approx-
imately 99.6% and 99.9% of hTRF was  digested after denaturation
with heat or ACN (Figure 1S), respectively. Because the removal
of ACN might be required prior to reduction and alkylation of the
disulfide bonds, heat was selected to denature hTRF.

Notably, a number of other factors can also affect the digestion
efficiency, such as digestion temperature, reaction time, enzyme to
substrate ratio and digestion buffer. The decision to optimize these
factors is determined by whether complete digestion is required
for the study. In traditional proteomics, protein identification bene-
fits greatly from ensuring complete proteolytic digestion across the
proteome [18]; however, the targeted proteomics approach may
only require complete cleavage of the surrogate peptides. There-
fore, these factors were not evaluated in this study.

It should be noted that the HPLC results reported above do not
indicate the full recovery of the surrogate peptides. It is not easy to
evaluate the efficiency of the proteotypic peptide released from the
proteolytic digestion. Several studies have employed synthesized
peptides, containing the same sequence of surrogate peptides, to
mimic  a piece of the targeted protein [19,20].  However, from our
point of view, this process does not take the steric hindrance of
enzymatic digestion into account. The catalytic site may  be buried
within a large protein structure. Therefore, we applied another
strategy to estimate the digestion efficiency. Using 108EDPQT-
FYYAVAVVK121 as a surrogate analyte, peptide mapping of hTRF
yielded its corresponding molecular ion at m/z  1629.8 and larger
peptide fragments with 1–6 missed cleavages (i.e., m/z  5564.8,
m/z 1757.9, m/z  5692.9, m/z 6486.3, m/z 2934.4, m/z 6614.3, m/z
6614.3, m/z 6869.4, m/z 3119.6, m/z 6742.4, m/z  7790.9, m/z  7054.6,
m/z 7919.0, m/z 7976.0 and m/z 8104.1, Table 1S). Their multi-
ple charged ions were also monitored. By assuming that the mass
response of each peptide fragment was the same, the peptide-bond
cleavage for the generation of 108EDPQTFYYAVAVVK121 was  96%
complete. Notably, most of the missed cleavage fragments were
unobservable in the MALDI mass spectrum, but they were screened
and validated by LC/MS/MS with selected ion monitoring (SIM). In
addition, the efficiency of the reduction and alkylation were also
evaluated and estimated to be approximately 95% and 77%, respec-
tively.

3.2. Electrospray response of tryptic peptides

Another prerequisite for developing a LC/MS/MS-based targeted
proteomics assay is the selection of tryptic peptides that could
provide specificity and an adequate response. Because ionization
suppression may  be caused by other co-eluting peptides, it is diffi-
cult to predict the electrospray ionization efficiency of a peptide
in a complex mixture. Therefore, a full scan LC/MS/MS analysis
was  performed to identify the tryptic peptide in the greatest abun-
dance. The most intense peptide was  the doubly charged ion of
108EDPQTFYYAVAVVK121. Its presence was also confirmed in the
MALDI mass spectrum. In addition, this sequence was found to be
unique to hTRF (accession no. P02787 (TRFE HUMAN), gi: 136191)
via a BLAST search, suggesting that it could be used to specifi-
cally quantify serum hTRF. However, it should be noted that this
peptide sequence is also observed in other primates. Finally, this

selected peptide was also consistent with the previous evidence
(http://www.peptideatlas.org) [21].

The extracted ion chromatogram and product ion spectrum of
108EDPQTFYYAVAVVK121 are shown in Fig. 1. The characteristic

http://www.peptideatlas.org/
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ig. 2. The LC/MS/MS chromatograms of 108EDPQTFYYAVAVVK121 and the stable
sotope-labeled internal standard.

equence-specific b ions (m/z 130(b1), m/z  245(b2), m/z 342(b3),
/z 470(b4), m/z  571(b5) and m/z  718(b6)) and y ions (m/z 749(y7),
/z 913(y8), m/z  1060(y9), m/z  1161(y10), m/z 1289(y11) and
/z 1386(y12)) were indicative of this peptide. Therefore, a syn-

hetic stable isotope-labeled peptide, EDPQTFYYAVAV*V*K, was
repared. A stable isotope-labeled valine containing an added mass
f 8 Da from deuterium was coupled to the peptide sequence
t positions 12 and 13 to yield a total molecular mass shift of
6 Da from the non-labeled peptide and a monoisotopic molec-
lar mass of 1645 Da. In addition, its product ion spectrum was
cquired and validated (data not shown). The retention times of
08EDPQTFYYAVAVVK121 and its isotope-labeled peptide were

dentical (∼6.4 min), implying that the deuterium isotopic effect
n the retention time was negligible (Fig. 2).

We also investigated the location of several of the most abun-
ant peptides (EDPQTFYYAVAVVK, DGAGDVAFVK, DSGFQMNQLR,
tc.) in the 3-dimensional structure of hTRF. The 2HAU apo-human
erum transferrin structure was downloaded from the RCSB Protein
ata Bank [22]. The PDB protein workshop program was  used to
isualize and highlight the location of these peptides. Interestingly,
hese intense peptides (Figure 2S)  are all located on the external
art of the molecule, as previously reported [19,23]. This finding
ould suggest that trypsin tends to attack exposed polypeptides
n the exterior of the protein. Nevertheless, this illustration of the
eptides’ locations may  help with selecting a peptide for protein
uantification.

.3. LC/MS/MS assay development and validation

As previously reported, an important factor needed to achieve

ood quantification of proteins is to generate high-quality MRM
16]. The MRM  assays are generally developed on a triple
uadrupole instrument to detect fragment ion signals arising from
nique surrogate peptides. The y-series fragment ions are usually
Fig. 3. The LC/MS/MS chromatograms of LLOQ (A) and blank matrix (B). The internal
standard is not shown to simplify the data presentation.

employed to establish the MRM  transitions for quantification [24].
However, the transition that had the best signal-to-noise and LOQ
for hTRF in this study was afforded by the immonium product
ion of the proline residue at position 3. This characteristic mass
pattern was  also observed in the stable isotope-labeled internal
standard. The enhanced intensity of the immonium product ion
could be attributable to the terminal effect [25] and its neighboring
aspartic acid residue [26]. In fact, other sensitive peptide analy-
ses have been previously reported in our laboratory. For example,
we  demonstrated that structurally distinctive immonium ions are
formed in high abundance [27–29].

Using the transitions of m/z 815 → 70 and m/z  823 → 70 (internal
standard), an hTRF LC/MS/MS assay was  developed and validated.
Solid phase extraction was selected as the technique of choice for
sample cleanup and enrichment in this study because it has shown
great promise for sample cleanup. As shown in Figure 3S,  a good
peak shape was achieved after the extraction. The calibration curve
was  constructed using a weighted linear regression model with a
weighting factor of 1/x2. The relative peak area ratio of the analyte,
108EDPQTFYYAVAVVK121, and the stable isotope-labeled inter-
nal standard was  plotted against concentration. A representative
calibration curve is shown in Figure 4S.  The LOQ was 500 ng/mL.
A representative chromatogram of the LLOQ is shown in Fig. 3A.
Because transferrin-free human serum was  not available, 5% HSA
was  utilized as the matrix in this study. As a result, no significant
interfering peak was found at the retention time of hTRF in the
chromatogram of the blank matrix (Fig. 3B).

The precision and accuracy of the assay were assessed by
observing the response of the QC samples with four different
concentrations of hTRF in three validation runs. The intra- and
inter-day precisions were expressed as the percent coefficient of
variation (%CV). The accuracy was  obtained by comparing the aver-

aged calculated concentrations to their nominal values (%bias). The
results are listed in Table 1. For each QC level of hTRF, the intra-
and inter-day precisions were less than 4.9% and 9.0%, respectively.
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Table 1
Accuracy and precision for QC samples.

Nominal concentration of hTRF 500 ng/mL 1500 ng/mL 2500 ng/mL 4000 ng/mL

Mean 527 1568 2586 4135
%Bias 5.4 4.5 3.4 3.4
Intra-day precision (%CV) 4.2 3.1 4.9 3.4
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Fig. 4. Passing–Bablok regression analysis (A) and the corresponding Bland–Altman
Inter-day precision (%CV) 9.0 

n  17 

Number  of runs 3 

he bias values were less than 5.4%. Overall, the QC data indicated
cceptable accuracy and precision of the current method for the
etermination of hTRF.

In general, the inefficient tryptic digestion could result in the
naccurate quantification of proteins because the proteolytic pep-
ides, rather than the target protein, were used to prepare the
alibration standards [5,23].  However, in this study, the digestion
fficiency was not a concern because pure hTRF was employed in
he standards. The absolute recovery of hTRF in human serum was
alculated by comparing the response ratios of the matrix spiked
ith hTRF to a neat solution containing the equimolar tryptic pep-

ide. The recoveries of low, mid  and high QCs were 87.9%, 87.1% and
2.9%, respectively.

.4. Method comparison

As previously mentioned, several analytical techniques have
een applied to quantify hTRF. To evaluate the LC/MS/MS per-
ormance, we compared our results to the values obtained from

 conventional immunoturbidimetric method. The regression
nalysis for the method comparison was also performed using
inear regression analysis and Passing–Bablok regression analysis,

hich was performed using the statistical program Analyze-it®

ersion 2.12 (Analyze-it Software). As shown in Fig. 4A, the
C/MS/MS method was comparable to the immunoturbidimetric
ssay (y = 1.194x − 0.457, r = 0.9096, p < 0.05), after three volunteers
ith a low hTRF concentration (<1500 ng/mL) were excluded. The

stimated confidence intervals of the slope and the intercept were
0.987–1.40) and (−0.986 to 0.0727), respectively. A Bland–Altman
lot (Fig. 4B) was prepared to explore the differences in the ana-

ytical procedures for hTRF determination. Their mean difference
as −1.03%, where all the individual values were in the range of
11.8% to 8.91%. It should be noted that the concentrations deter-
ined from the LC/MS/MS assay for samples 11, 14 and 17 were

10% lower than those measured with the immunoturbidimetric
ssay and were in the range of 500–1500 ng/mL. Several possible
easons for this discrepancy are incorrect curve-fitting parameters
n the chemistry analyzer program or a positive deviation from lin-
arity for the immunoturbidimetric assay at low concentrations
data not shown). In comparison, the LC/MS/MS method provides

 lower LOQ (measured as low as ∼100 ng/mL) compared to the
mmunoturbidimetric system. Notably, those volunteers with a
ow hTRF concentration were among the patients with cirrhosis.
his phenomenon has been previously observed [30,31].  Further-
ore, compared to concentration of hTRF measured here, the

C/MS/MS approach may  be more suitable for the determination of
ow-abundance proteins in biological matrices. An immunoassay
ormally requires complex sample pre-treatment and the genera-
ion of high-affinity antibodies, and the entire procedure is costly
nd laborious. Therefore, the establishment of a method for the
uantitative measurement of proteins in a complex protein mix-
ure, without a dependency on the generation of antisera or the

ormulation of an immunoassay, is more applicable for the identi-
cation and quantification of novel prospective protein biomarkers.
inally, the proposed approach here is nevertheless interesting for
eveloping quantification methods of other proteins that are not
plot (B) for the immunoturbidimetric method vs. the LC/MS/MS assay. The solid
line corresponds to the regression line, and the dashed lines represent the 95%
confidence interval for the regression line.

routinely measured by immunoassays (e.g., immunoturbidimetric
assays).

4. Conclusions

In this study, a simple and sensitive LC/MS/MS based tar-
geted proteomics assay was  developed and validated. Using this
assay, hTRF in clinical samples was detected and quantified. Good
correlation was  observed between this LC/MS/MS assay and an
immunoturbidimetric method. These results demonstrated the
suitability of the LC/MS/MS assay and its utility to measure dif-
ferences in the levels of transferrin in various clinical samples. In
addition, this targeted proteomics approach provides a lower LOQ

and could afford more reliable results, even at low concentrations of
hTRF. This report is among the first to demonstrate that the clinical
monitoring of hTRF could be achieved by LC/MS/MS. This tech-
nology may  help provide greater evidence for hTRF as a potential
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iomarker for certain cancers. However, a large number of mea-
urements will be needed to further confirm that the LC/MS/MS
ssay described in this paper is a valuable tool for clinical use.
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