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Serum peptidomic profiling identifies a minimal residual
disease detection and prognostic biomarker
for patients with acute leukemia
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Abstract. The evaluation of minimal residual disease (MRD)
in acute leukemia (AL) is currently recognized as a potential
critical tool to assess the response and relapse rate of treat-
ments. The present study investigated serum peptides from
patients with AL to identify biomarkers that would be useful
in providing clinical evaluations and independent prognostic
information. The patterns of serum peptides from 123 patients
with AL and 49 healthy controls were analyzed using
matrix-assisted laser desorption/ionization-time of flight mass
spectrometry. Furthermore, diagnostic models of differential
peptides were established using the support vector machine
(SVM) algorithm to discriminate between the AL patients
and healthy controls or between the AL patients with various
degrees of remission. Finally, the peptides were applied to
evaluate the prognosis of the affected patients. The area under
the receiver operating characteristic (ROC) curve (AUC),
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analyzed using the SVM algorithm to distinguish between
the AL patients and healthy controls, was 0.921. The AUC of
the models for distinguishing between the newly-diagnosed
AL patients and those in AL-hematological complete remis-
sion (HCR) and between the AL-HCR patients from those in
AL-molecular remission (MR), was 0.824 and 0.919, respec-
tively. A short serum peptide of m/z 4625 was identified to
decrease in density in parallel with an increase in the degree
of remission, which was used to monitor the MRD level. The
intensity of the m/z 4625 peptide was significantly correlated
with a poor overall survival (OS). The m/z 4625 peptide was
identified to be a partial fragment of SERPINA3. The serum
peptide pattern is high in sensitivity and specificity and may
be used to discriminate between AL patients with various
degrees of remission. The m/z 4625 peptide may be used to
monitor the MRD levels and provide independent prognostic
information in patients with AL.

Introduction

Acute leukemia (AL), resulting from the clonal expansion of
blasts in bone marrow, is considered to be a clinically, morpho-
logically and genetically heterogeneous disease (1). The rate of
complete remission (CR), achieved by intensive chemotherapy,
is 50-80% and 80-90% in adult patients with acute myeloid
leukemia (AML) and acute lymphoblastic leukemia (ALL),
respectively. However, the relapse rate is >60% (2-5), which is
the major cause of treatment failure in affected patients. The
detection and eradication of minimal residual disease (MRD) is
a key issue that merits a controlled clinical evaluation, including
optimizing the timing of treatment and guiding decisions with
regard to donor lymphocyte infusion post-transplant. Thus, the
measure of MRD promises to be an efficient tool for predicting
and increasing the survival outcome in AL patients (6-8).
Monitoring MRD levels in patients with AL at various
time-points during therapy requires the availability of deter-
mination markers. At present, multiparameter flow-cytometry
(MFC), polymerase chain reaction (PCR) and fluorescence
in situ hybridization are useful methods for the detection of
MRD in patients with AL. However, the applicability of PCR
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is restricted to AL with leukemia-specific molecular targets,
including promyelocytic leukemia/retinoic acid receptor-a
(PML/RARa), FLT3 and T cell receptor (9-12). The widespread
applicability of MFC is also complicated by the lack of standard-
ized procedures and a leukemia-associated immunophenotype
at the time of diagnosis. Currently, the diagnostic methods
mentioned previously are also performed during bone marrow
analysis, and patients should undergo bone marrow aspiration
under local anesthesia prior to the analysis, which is an invasive
and time-consuming procedure. Therefore, the identification
of new leukemia markers that are easily detectable and stably
expressed in a large proportion of AL cases should simplify the
application of MRD studies, aid in extending the benefit to all
patients and possibly enhance the sensitivity of MRD detection.

The benefits of serum examination are that it is a minimally
invasive and low cost procedure and that serum is easy to
acquire and process. Serum protein or peptide levels under a
disease state differ from the levels that are present in a healthy
state. Thus, serum is a good specimen to be used in disease
marker studies. Serum proteomics via the identification of new
proteins/peptides have already been successfully performed for
tumor diagnosis (13-17). In the field of hematology, the use of the
matrix-assisted laser desorption/ionization time of flight mass
spectrometry (MALDI-TOF MS) method and complement
C3f-desArg and its derivatives has been identified to correlate
with MRD levels in patients with PML/RARa-positive acute
promyeloid leukemia (APL) (18). These results indicate that
human serum peptides, particularly those of low molecular
weights, contain important information for tumor diagnosis.

The present study used MALDI-TOF MS analysis to detect
specific serum peptidomic biomarkers in order to discriminate
between AL patients with various degrees of remission. The
specific peptide that may be used to monitor MRD in patients
with AL was also identified and its prognostic role was evalu-
ated.

Materials and methods

Patients and blood sample preparation. A total of
123 patients with AL and 49 healthy controls were recruited
through The First Hospital of Jilin University (Changchun,
Jilin, China) between December 2009 and June 2010. The
diagnosis of the patients was based on morphology, immu-
nophenotyping, cytogenetics and molecular biology. Among
these AL patients, 40 were newly diagnosed, 42 achieved
hematological CR (HCR), including 17 M2/M3 patients with
cytogenetic abnormalities who reached cytogenetic remis-
sion following chemotherapy and 25 patients who achieved
consistent remission, including 18 M2/M3 with molecular
remission (MR). The remaining AML/ALL patients without
cytogenetic/genetic signatures achieved CR for more than one
year. A total of 30 patients with newly-diagnosed solid tumors,
including lung, breast, liver and colon cancer, and a further
35 patients with benign hematological disorders, including
anemia and idiopathic thrombocytopenia (ITP), were also
analyzed. The healthy controls were volunteers who under-
went a routine physical examination and were confirmed to be
in a healthy state by The First Hospital of Jilin University. The
clinical characteristics of the patients with AL and the control
group are shown in Tables I and II, respectively. Approval for
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this study was obtained from the Human Subject Committee
of The First Hospital of Jilin University, and all patients and
healthy controls provided their informed consent.

The serum samples were collected, processed and stored
according to standard procedure. Briefly, the serum samples
were allowed to clot or sediment at room temperature for 2 h
and were then centrifuged at 376 x g for 15 min. The samples
were divided into aliquots of 50 ul and stored at -80°C until
use. The sera from 10 patients with AL were pooled and
analyzed using MALDI-TOF MS. Six within-run assays and
six between-run assays were performed to assess the deviation.

Serum pretreatment using magnetic beads. Copper-chelated
magnetic beads and solutions were obtained from the National
Center of Biomedical Analysis (Beijing, China) to extract the
peptides from the sera. The samples were purified and isolated
through binding, washing and elution processes. Briefly, 5 ul
beads and 50 p1 binding solution were mixed with 5 1 serum.
Following a 10-min incubation period, the beads were washed
three times using 100 ul washing solution. The bound peptides
were then eluted in 20 pl elution solution. A 1 ul elute was
mixed with 1 #1 CHCA matrix solution, spotted onto target
spots (Bruker Daltonik, Bremen, Germany) and dried at
room temperature. The peptide calibration standard in the
same matrix was applied to the target spots for an external
calibration of the instrument. The samples proceeded into
MALDI-TOF MS equipped with a pulsed ion extraction ion
source.

MALDI-TOF MS pattern-recognition analysis. All the spectra
were analyzed using FlexAnalysis 2.4 software (Bruker
Daltonik) to determine the peak m/z values and the intensities
in the mass range of 1,000-10,000 Da. To align the spectra, a
mass shift of <0.1% was determined. The intensities of all the
peaks were then normalized to the total m/z ion current of each
spectrum using in-house MatchPeaks software and the relative
intensity was calculated. P-values for each peak were obtained
for their discriminatory power. The support vector machine
(SVM) method is an effective algorithm for gene selection and
cancer classification and was consequently used for class predic-
tion (http://biosunms.sourceforge.net) (19). The parameters in the
Gaussian kernel function were optimized using the grid search
approach (20). The models of the training set were built using a
selected number of peaks and a five-fold cross-validation scheme.

Peptide sequence. The identification of peptide m/z 4625 was
performed using a nano-liquid chromatography-electrospray
ionization-tandem (LC/ESI) MS system. The peptide solutions
were loaded onto a C18 trap column (nanoACQUITY; Waters,
Milford, MA,USA) at a flow rate of 400 xl/min. Mobile phases A
(5% acetonitrile and 0.1% formic acid) and B (95% acetonitrile
and 0.1% formic acid) were used for the analytical columns. The
gradientelution profile was 5%B-50%B-80%B-80%B-5%B-5%B
in 100 min. The eight most intense mono-isotope ions were
precursors for collision-induced dissociation. MS/MS spectra
were limited to two consecutive scans per precursor ion followed
by 60 sec of dynamic exclusion.

Statistical analysis. The peaks were evaluated using the
P-values from a two-tailed t-test in various groups for building
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Table I. Clinical characteristics of patients with AL.

Newly-diagnosed AL AL-HCR AL-MR
Acute leukemia Training set Test set Training set Test set Training set Test set Relapse
Male:female, n 14:10 8:8 14:12 9:7 7:8 4:6 8:8
Age, mean (range), years 379 (15-73) 44.6 (18-75) 364 (15-56) 333 (11-62) 34.8(13-55) 37.9(23-55) 33.8(15-64)
WBC, x10° 274 234 2.86 54 45 6.2 40.0
Mean, range 1.2-166.6 0.5-70 0.1-5.7 0.5-17.3 1.3-7.6 3.7-11.2 1.3-197.8
FAB classification, n
AML 17 13 17 11 13 8 7
ALL 7 3 9 5 2 2 9
Cytogenetic abnormalities, n
t(15:17) 6 2 3 0 0 0 3
t(8:21) 3 4 0 1 0 0 0
inv(16)/t(16;16) 0 0 0 0 0 0 0
t(9;22) 0 0 0 0 0 0 3
Complex karyotype 0 2 0 0 0 0 0
Other karyotype 7 5 0 0 0 0 0
Normal karyotype 8 3 20 14 15 10 2
Not determined 0 0 3 1 0 0 8
Gene abnormalities, n
PML/RARa 6 3 7 4 0 0 4
AML/ETO 3 6 4 2 0 0 0
BCR/ABL 0 2 0 0 0 0 3
IgH or TCR 1 0 0 0 0 0 0
Other gene 2 2 0 0 0 0 0
Not determined 12 3 15 10 15 10 9

AL, acute leukemia; HCR, hematological complete remission; MR, molecular remission; WBC, white blood cell; FAB, French-American-
British; AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia; PML, promyelocytic leukema; RAR, retinoic acid receptor; ETO,
eight-twenty-one; BCR, breakpoint cluster region; ABL, abelson; IgH, immunoglobulin heavy chain; TCR, T cell receptor.

Table II. Clinical characteristics of the control groups.

A, Healthy controls

Characteristic Training set Test set
Male:female, n 16:13 9:11
Mean age, years (range) 39.6 (15-65) 39.2 (23-73)

B, Benign hematological disorders

Characteristic Anemia ITP PNH Aplastic anemia
Male:female, n 4:7 4:7 3:1 4:5
Mean age, years (range) 41.5 (12-78) 42 4 (14-75) 47.5 (35-63) 52.6 (43-68)

C, Solid tumor

Characteristic Liver Breast Lung Colon
Male:female, n 5:1 0:9 5:3 3:4
Mean age, years (range) 48.7 (18-61) 51.3 (33-77) 51.8 (35-62) 53.0 (48-60)

ITP, idiopathic thrombocytopenia; PNH, paroxysmal nocturnal hemoglobinuria.
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the model. The sensitivity, specificity and the area under the
receiver operating characteristic (ROC) curve (AUC) were
calculated using the validation set data for the three models
obtained from the training data. The overall survival (OS)
between the two groups with peptide expression differences
was estimated using a Kaplan-Meier log rank survival analysis.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Stability and reproducibility of the MALDI-TOF MS spectra.
For the reproducibility experiment, a pool of sera from
10 patients with AL was analyzed using the MALDI-TOF MS
instrument and used to perform six within-run assays and six
between-run assays to observe the deviation. The mean coef-
ficient of variation (CV) of the within- and between-run assays
was 8.98% (range, 7.5-11.0%) and 18.2% (range, 13.9-22.3%),
respectively, indicating that the analysis of the MALDI-TOF
MS spectra was stable and reproducible. The results are shown
in Table III.

Screening peptide patterns to distinguish between AL patients
with various degrees of remission. The serum samples from
123 AL patients and 49 healthy controls were detected for peptide
profiling using an MALDI-TOF MS analysis. The samples from
65 AL patients and 29 healthy controls were assigned randomly
to a training set and the remaining samples were used as a
testing set. Using Flex Analysis 2.4 software (Bruker Daltonics,
Bremen, Germany), 249 peaks were discovered in all the
training set samples. To identify their discriminatory power, the
P-value from each peak was obtained by a two-tailed t-test. The
candidate peaks were selected for model building, and 26 peaks
were observed to be significantly different between the AL
patients and healthy controls (P<0.0001). The SVM algorithm
was utilized to generate models and to discriminate the selected
26 peaks as the optimal combination. The detection value of
the model was validated using 58 AL patients and 20 healthy
controls as the test set. This model distinguished the AL patients
from the healthy controls with a sensitivity of 90%, a specificity
of 95% and an AUC of 0.921 (Fig. 1A).

As demonstrated in Fig. 1B and C, two patterns of peaks
were selected for model building, including 40 newly-diagnosed
AL patients, 42 patients with AL-HCR and 25 patients with
deep remission (consistent remission for more than one year),
which included 18 M2/M3 with molecular remission (MR). A
total of 11 peaks (P<0.05) were used to build the model to distin-
guish between newly-diagnosed AL and AL-HCR patients,
which showed the best discriminating power with a sensitivity
of 81.25%, specificity of 81.25% and an AUC of 0.824. In the
AL-CR and AL-MR models, another 11 peaks (P<0.05) were
used. The results of the sensitivity and specificity were 87.5 and
90%, respectively and the AUC was 0.919.

Screening differential peaks for the evaluation of
the MRD. Serum peptides from 18 M2 patients with
AML/eight-twenty-one (ETO) and 35 M3 patients with
PML/RARa were evaluated. A significantly different peak
with m/z 4625 was identified and the intensity gradually
decreased as the remission degree increased. In the healthy
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Table III. Reproducibility of mass spectra by magnetic beads
and MALDI-TOF MS analysis.

Within-run assays Between-run assays

m/z MRI, % CV, % MRI, % CV, %
2081.88 4.7 9.1 5.1 139
2861.24 0.8 11.0 0.8 17.7
3157.64 1.8 8.4 15 18.0
3240.01 0.7 7.5 0.6 15.7
4209.03 23 8.9 25 22.0
6633.21 24 9.0 23 223

MRI, mean relative intensity; CV, coefficient of variation; MALDI-TOF
MS, matrix-assisted laser desorption/ionization-time of flight mass
spectometry.

Table IV. Clinical characteristics of patients with newly-diag-
nosed AL who had complete records.

Clinical characteristics Group A (n=18) Group B (n=15)

Median age, years (range) 36 (17-73) 42 (17-75)
Gender ratio, M/F 11/7 7/8
FAB no. (%)
M2 6(33.3) 4(26.7)
M3 5(27.8) 5(33.3)
M4 1 (0.06) 0
M5 0 2 (13.3)
ALL 6(33.3) 4(26.7)
Leukocytes >30g/1, n (%) 6(33.3) 6 (40.0)
2-year survival, n (%) 9 (50.0) 4(26.7)
Succumbed, n 9 11
Median survival, months 12 7

AL, acute leukemia; M, male; F, female; ALL, acute lymphoblastic
leukemia.

controls, the intensity level of m/z 4625 was similar to that of
the M2/M3-MR group (Fig. 2A). Notably, for all types of AL
patients, the change in m/z 4625 intensity was correlated with
the MR/M3 group. Furthermore, the intensity level of m/z 4625
in the relapse group was significantly higher than that of the
AL-MR group, including patients in deep remission and M2/
M3-MR. There was no difference between the newly-diagnosed
AL and relapse AL groups (Fig 2B) or between the newly-diag-
nosed AL patients and the patients with HCR (Fig. 2C). Among
these patients, the intensity level of m/z 4625 in one patient
with M1 in HCR was increased. The patient was subsequently
followed up and the serum was examined every month. The
intensity of the m/z 4625 peak continued to increase and the
patient relapsed after three months, with the leukemia cells
accounting for 5% of the bone marrow.

Prognostic value of the m/z 4625 peak. The second aim of
identifying a marker for MRD assessment was to evaluate
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AUC, 0.919). ROC, receiver operating characteristic; AL, acute leukemia; AUC, area under the ROC curve; HCR, hematological complete remission; MR,
molecular remission.
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Figure 2. Intensity levels of m/z 4625 peptide in AL and healthy control groups. (A) Boxplot display of m/z 4625 distributions for newly-diagnosed M2/M3,
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Figure 3. m/z 4625 peptide predicts clinical outcome of newly-diagnosed AL
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distributed into two groups. The OS in the group with low m/z 4625 expres-
sion (intensity, <0.02) was higher than that of group with high m/z 4625
expression (intensity, =0.02). AL, acute leukemia; OS, overall survival.

its role in predicting prognosis. A statistical analysis of the
m/z 4625 peak intensity was performed and the peak was
observed to be significantly correlated with the prognosis.
A total of 33 newly-diagnosed patients possessed complete
records. The clinical characteristics of these patients are shown
in Table IV. The median follow-up interval was 16 months
(range, 3-29 months). The patients were divided into two
groups according the intensity of the m/z 4625 peak: Group A

Figure 4. Intensity of the m/z 4625 peptide in other diseases. The intensity of
the m/z 4625 peak in the sera of patients with AL or solid tumors was higher
than that of patients with benign hematological disorders or healthy controls.
AL, acute leukemia.

displayed an intensity of <0.02 (18 patients) and group B
displayed an intensity of >0.02 (15 patients). The features
between the two groups were comparable, with the exception
of the intensity of the peak. The subjects with intensities of
>0.02 showed a poorer OS outcome compared with those with
m/z 4625 intensities of <0.02 (P=0.042; Fig. 3).

Disease specificity of the m/z 4625 peak. The intensity of
the m/z 4625 peak in the sera of patients with solid tumors
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Figure 5. Sequencing results of m/z 4625 using Nano-LC/ESI-MS/MS. A peptide was identified in the sera of the AL patients as a fragment of the SERPINA3
protein. (A) Representative mass spectrum; (B and C) mass spectrum of the ions. LC/ESI-MS, liquid chromatography/electrospray ionization-tandem mass

spectometry; AL, acute leukemia.

and benign hematological disorders was analyzed to confirm
whether the peak was restricted to AL patients (Fig. 4). The
intensity of m/z 4625 was significantly higher in the malig-
nant diseases, particularly in the AL patients (P=0.014),
whereas the level of m/z 4625 intensity in the benign hemato-
logical disorders were similar to those of the healthy controls
(P=0.587).

Serum peptide identification. Using nano-LC/ESI-MS detec-
tion, the peptide sequence of 4625 m/z was identified as SAL
VETRTIVRENRPFLMIIVPTDTQNIFFMSKVTNPKQA.

A sequence search using the Bioworks Browser 3.3.1
SP1 (Thermo Fisher Scientific, Bremen, Germany) in the
International Protein Index database, identified the peptide
as a partial fragment of the a-l-antichymotrypsin precursor,
SERPINA3 (Fig. 5).

Discussion
Markers for the detection of the MRD and the prediction of the

prognosis of AL play a crucial role in the determination of the
treatment regimen and in prolonging the survival of patients.
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The present study used MALDI-TOF MS to generate profiles
of the serum peptides.

The results revealed that the technique system set up in
the present study was stable and reproducible. The SVM
algorithm was used to distinguish AL patients from healthy
controls with a sensitivity of 90% and a specificity of 95%.
The peptide pattern was also able to discriminate between
AL patients with various degrees of remission. There was
a good concordance between the results of this method and
conventional methods. These results demonstrate that the
serum peptide pattern may reflect the pathological state of
the disease and implicate its role in monitoring the MRD of
AL.

In the present study, one of the most significantly different
peaks with m/z 4625 was identified. The intensity of the peak
gradually decreased as the degree of remission increased. In
the healthy controls, the intensity of m/z 4625 was similar to
that of the AL-MR group. The intensity in the relapse group
was significantly higher than that in the AL-MR group, and
no difference was observed between the newly-diagnosed
and relapsed AL groups. The intensity of the peak in one
patient with M1 in HCR was dramatically increased and this
patient eventually relapsed within three months. The results
indicated that this technique widened the application of
MRD detection in AL patients without molecular markers.
APL patients in MR showed an increase in the intensity of
the peak, which was detected for several consecutive times
with various intervals and has been followed up closely since
then. It appears that this technique was more sensitive than
quantitative PCR.

The intensity of the m/z 4625 peak was observed to signifi-
cantly correlate with the prognosis of the disease. The patients
with a high intensity of the peak at diagnosis displayed a poor
prognosis compared with those in the low-intensity group
(2-year survival rate 50% vs. 26.7%), implying that the inten-
sity of the peak functions as not only an MRD marker, but also
as a prognostic marker. The role of m/z 4625 in prognostic
prediction requires further investigation in distinct subtypes
of AL.

The sera from patients with solid tumors and benign hema-
tological disorders was analyzed to confirm whether the high
intensity of the peak with m/z 4625 was restricted to AL. The
intensity of m/z 4625 was significantly higher in malignant
diseases, including the solid tumors and particularly in AL
(P<0.05). The intensity in the benign hematological disorders
was the same as that in the healthy controls, indicating that
the m/z 4625 serum peptide may also be used as a diagnostic
marker for malignant diseases.

To identify the m/z 4625 peptide, sequencing was performed
using nano-LC/ESI-MS/MS, and the peptide was identified
as a fragment of SERPINA3. SERPINA3 is an acute phase
protein that is produced in the liver, and the concentration may
rise during acute and chronic inflammation (21). SERPINA3
also exhibits pro-apoptotic activity (22). Kloth ef al (23) identi-
fied that high SERPINA3 expression correlated significantly
with a poor OS in cervical carcinoma using immunohisto-
chemical analysis. In addition, SERPINA3 has been identified
to be upregulated in sera from thyroid papillary carcinoma and
prostate cancers (24,25). SERPINA3 is involved in promoting
the invasion and metastasis of malignant melanomas and cell
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lines, where it may have a role in regulating apoptosis and
invasiveness (26).

In conclusion, the present study indicates that the approach
reported here may identify new markers for minimally inva-
sive, fast, universal and sensitive MRD monitoring in AL.
The present approach also highlighted the potential of serum
peptide alterations as new and useful markers to predict the
prognosis of AL patients. Although additional studies are
required to draw definite conclusions, the alterations of serum
peptide levels may offer an improved understanding of the
mechanism involved in the development of AL. Studies aimed
at identifying the possible origin of the peptide would be the
next investigations to be undertaken.
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