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Chapter VI. 
 

Comparative analysis of cervical cancer patients (long-term 
survivors) before and after treatment 

 
 
N.I. Govorukhina, A. Hesseling, P. Horvatovich, M. de Vries, F. Suits, K.A. 
ten Hoor, A.G.J. van der Zee, R. Bischoff 
 
1. Introduction 

Cervical cancer is one of the most common malignant diseases of women 
worldwide [1]. It is more common in developing countries, where 83% of cases 
occur and where cervical cancer accounts for 15% of newly diagnosed female 
cancers while in developed countries it accounts for 3,6 % of all new cancer 
cases [2]. It was shown that 99% of cervical squamous cell carcinomas are 
linked to Human Papilomavirus (HPV) infection [3]. Especially “high-risk” 
strains such as 16 and 18 [4] are associated with the development of high-grade 
intraepithelial squamous lesions (HSIL) and may eventually lead to cervical 
cancer [5]. 

Squamous cell carcinoma antigen (SCC-ag) is a tumor marker in serum for 
patients with squamous cell carcinoma of the cervix. Concentration of SCC-ag 
in the serum is the good  marker for monitoring response to therapy. SCC-ag 
levels return to normal upon complete remission after treatment (threshold 
below 1.9 µg/L) while SCC-ag levels raise again in patients with recurrent 
disease. Measuring SCC-ag levels has, however, no predictive value, does not 
contribute to better survival [6] but provides useful information for 
management of the  disease [7]. SCC-ag is also not very disease-specific, since it 
was shown that squamous cell carcinoma antigen 1 (SCC-ag 1) was up-
regulated not only in the uterine cervix cancer but also in lung cancer, cancer of 
the esophagus and skin cancer [8-11] as well as in cancer of the tongue [12]. It 
was shown previously that TGFβ1 (transforming growth factor β1) is produced 
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by cervical cancer cells inducing PAI-1 expression (plasminogen activator 
inhibitor-1) [13]. PAI-1 expression has been correlated with decreased survival 
in breast cancer and associated with poor prognosis in cervical cancer [13]. 
Thus there is a continuing need for better biomarkers to assist in early 
diagnosis of cervical cancer, in staging of the disease and in following up on 
therapeutic efficacy. 

In this study we compared serum from patients with cervical cancer 
obtained before and after treatment that resulted in complete/partial remission 
or stable disease. Efficient depletion of high-abundance proteins (6 or 20) was 
combined with two complementary analytical approaches: gel electrophoresis 
(1D or 2D) or Liquid Chromatography-Mass Spectrometry (LC-MS). Dedicated 
algorithms for data pre-processing were developed and applied followed by 
multivariate statistical analysis (Principal Components Analysis, PCA). 
 
2. Methods 
2.1. Description of samples 

Serum samples from cervical cancer patients were obtained at the 
Department of Gynecological Oncology (University Medical Centre Groningen, 
The Netherlands) and stored at – 80 oC in aliquots. Most of the patients (Table 
1) showed no recurrence of disease after therapy (except patient 22: partial 
remission and patient 23: stable disease: tumor remains without progression). 
The diagnosis was done by histological analysis and gynecological 
examination: inspection and palpation of the genitalia and SCC-ag test. 
Patients with remission have no complains and normal SCC-ag level. All 
patients used in this study had advanced disease (stage III or IV) according to 
the International Federation of Gynecology and Obstetrics (FIGO) classification 
[14] and belonged to a group of long-term survivors. The level of the 
Squamous cell carcinoma antigen-1 (SCCag) was determined by ELISA [6]. 
 
2.2. Preparation of serum samples 

Depletion of the 6 most abundant serum proteins (on a Multiple Affinity 
Removal column (4.6 x 50 mm, # 5185-5984, www.chem.agilent.com), digestion 
of the remaining proteins in depleted serum with trypsin, capillary LC-MS 
analysis (Atlantis dC 18 (1.0 x 150 mm, 3 μm) with Atlantis dC 18 in-line trap column 
for cap-LC-MS (Waters, Milford, Massachusetts, USA, www.waters.com) were 
performed as previously described (15).  

Depletion of the 20 most abundant proteins was performed according to 
the manufacturer’s instructions (ProteoPrep 20 Plasma Immunodepletion Kit 
(PROT20), www.sigma-aldrich.com). 8μL of serum were depleted on a spin 
column. The depletion procedure was repeated 5-times (40μL of original 
serum) and followed by final (second) depletion of samples after first depletion 
to rise the level of depletion to >99% (www.sigma-aldrich.com). The depleted 
sera were pre-fractionated by high-temperature reversed-phase HPLC (see 
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below) followed by 1D- or 2D-gel electrophoresis. Protein concentrations were 
determined with the Micro BCA™ Protein assay reagent kit 
(www.piercenet.com) and calculated for an average protein molecular weight 
of 50 kDa. BSA was used as the calibration standard. 
 
2.2.1. Pre-fractionation of depleted serum by high-temperature reversed-
phase HPLC 

0.48 g of urea (#084K0063, Sigma, www.sigmaaldrich.com) and 13μL of 
glacial acetic acid (#1.00063.1000, www.darmstadt.merk.de), were added to 
~300μg (about 300μL) of depleted serum according to the manufacturer’s 
instructions (www.agilent.com/chem/bioreagents). Solvent A (97% H2O/0.1% 
TFA (# 28902, www.pierce.com)) was added further to a final volume of 1mL 
and the sample was injected onto a Macroporous Reversed-Phase mRP-C18 
column (Agilent, 4.6 x 50mm, # 5188-5231 ). Prefractionation was performed at 
80 oC  and pH <4.5 at a flow rate of 0.75mL/min with UV detection at 280nm 
using a gradient from 3 to 30% of solvent B (97% AcN/0.1% TFA) in 6 min, to 
55% solvent B in 40 min and finally up to 100% B in 53 min. The volume of the 
collect fractions was 0.75mL (1min fractions). The proteins in these fractions 
were further analyzed by SDS-PAGE in a pair-wise manner with the same 
fraction from a given patient before and after treatment next to each other.  

 
2.2.3. SDS-PAGE 

SDS PAGE was performed in a Mini-Protein III cell (Bio-Rad, 
www.biorad.com) using 12,5% gels with 0.1% SDS according to the 
manufacturer’s instructions. All chemicals were from Bio-Rad. Samples were 
boiled in sample buffer containing 0.02M DTT for 1 min, cooled down and 
applied directly to the gel. PageRuler™ Prestained Protein Ladder (#SM0671, 
www.fermentas.com) were used. Proteins were stained with Coomassie 
Brilliant Blue R concentrate (Sigma, www.sigmaaldrich.com) diluted and used 
as prescribed by the manufacturer. 
 
2.2.4. In-gel digestion  

Performed according to protocol of Shevchenko et all. [16]. Trypsin 
(sequencing grade modified trypsin, # V5111, www.promega.com) was used 
(10µg/mL) for digestion overnight at 37°C with shaking at 450 rpm. 

 
2.5. 2D gel electrophoresis  

Isoelectric focusing (IEF; first dimension) was performed by loading 250 µL 
(250µg) of serum  after depletion of six most abundant proteins 
(www.chem.agilent.com) onto a ReadyStrip  (IPG strip pH 4-7; Bio-Rad #163-
2099, www.biorad.com) and rehydrated overnight [17]. The IPG strip was 
placed in the focusing tray and IEF was performed at 50µA/strip (150 V) for 30 
min, 300 V for 1 hour, 600 V for 1 hour and 8000 V to reach a total of 35.000 
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V•hours) at 20oC. For the second dimension electrophoresis  (SDS-PAGE) the 
IPG strip was equilibrated in buffer containing 0.05 M Tris-HCl pH 8.8, 6 M 
urea, 30% w/v glycerol and 2% w/v SDS with 1% (w/v) Dithiothreitol (DTT) 
(Sigma #D0632, www.sigmaaldrich.com) for 15 min, followed by incubation 
with the same buffer containing 4% iodoacetamide (Sigma #11149) for another 
15 minutes in the dark [18]. Equilibrated IPG strips were placed on top of a 
precast 12.5% polyacrylamide gel (Bio-Rad #345-0102, www.biorad.com)  and 
fixed with a 0.5 % agarose solution containing 25 mM Tris, 192mM glycine, 
0.1% SDS and a trace bromophenolblue. Reference marker PageRuler™ 
Prestained Protein  Ladder (Fermentas, #SM0671, www.fermentas.com) was 
used. Electrophoresis was performed at room  temperature, 100 V for 2.5 hours. 
After electrophoresis, the gel was fixed with a 40% methanol, 10% acetic acid 
solution for 30 min followed by Coomassie Brilliant Blue staining (Page Blue 
(Fermentas, #R0571, www.fermentas.com) at room temperature for 3 hours 
and subsequent overnight destaining in milliQ water. Gels were analyzed and 
scanned using the PDQuest Image analysis program (Bio-Rad, 
www.biorad.com). Differentially expressed spots were excised from the gel for 
in-gel digestion (see above) and mass spectrometric analysis. To be able to 
detect low-abundance proteins, the gels were destained and stained using a 
mass-spec-compatible silver staining method [19]. In-gel digestion performed 
as in 2.2.4. 
 
2.3. Matrix-Assisted Laser Desorption Ionization (MALDI) Mass 
Spectrometry (MS) analysis 

MALDI-MS analysis of in-gel digested protein bands (1D SDS-PAGE) or 
spots (2D gel electrophoresis) was performed in the positive ionization mode 
using a Voyager DE Pro instrument (Applied Biosystems, 
www.appliedbiosystems.com). Spectra were acquired in reflectron mode with 
delayed extraction considering only mono-isotopic molecular masses for 
protein identification. The spectra were internally calibrated using the tryptic 
auto-digestion peaks at m/z 842.5099 and 2211.1046 amu. For identification  0.5 
μL of the digestion mixture were directly spotted on a stainless-steel MALDI 
target plate and 0.5 μL of a 5 mg/mL α-cyano-4-hydroxycinnamic acid (CHCA)  
in 50% acetonitrile (AcN)/0.1%TFA were added on top of the deposit. If this 
yielded no useful spectra, 5 μL of the remaining tryptic digests were purified 
using C18 Stage tips (Proxeon, www.proxeon.com) according to the 
manufacturer’s instructions. Peptides were eluted in 2 μL of a 5 mg/mL α-
cyano-4-hydroxycinnamic acid (CHCA) in 50% AcN/0.1%TFA and directly 
spotted on the stainless-steel target plate. Expasy's aldente was used for 
identification (http://www.expasy.org/cgibin/aldente/help.pl) Type of 
search: MS/MS Ion Search; Enzyme: Trypsin; Variable modifications: 
Oxidation (M), Mass values: Monoisotopic; Protein Mass: Unrestricted; Peptide 
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Mass Tolerance: ± 0.2 Da; Fragment Mass Tolerance: ± 0.2 Da; Max Missed 
Cleavages: 1.  

Identification of proteins after in-gel digestion was done also on nano-LC-
MS system (Agilent) equipped with a microfluidics (chip-cube) interface (cat. 
n° G4240A) including a chip (cat. n° G4240-62001) with a 40 nL trap column (75 
µm × 11 mm) and a 75 µm × 43 mm analytical column both containing C-18SB-
ZX 5 µm chromatographic material. The interface contains a nanoelectrospray 
tip (2 mm length with conical shape: 100 µm OD × 8 µm ID) and was coupled 
on-line to an MSD-Trap-SL ion-trap mass spectrometer. Injections (2µL were 
performed with an autosampler (Agilent, cat. n° G1389A) equipped with an 
injection loop of 8 µL (this includes the dead volume up to the trapping 
column) and a thermostated cooler maintaining the samples in the autosampler 
at 4°C during the analysis. All parameters for LC-MS analysis are described in 
Chapter III. MS spectra were deconvoluted with respect to charge state and 
isotopes. The resulting spectra were saved in  mascot (Matrix Science, London, 
U.K.) generic file format and submitted to a Web based version of the 
Phenyx36 search engine (v2.1) for UniProt_Sprot (r. 48.8 of 10-Jan-2006) 
queries. 
 
2.4. Stable-isotope labeling (iTRAQ)  

Changing of buffer and concentration of samples for iTRAQ labeling of 
depleted serum were done by ultrafiltration (Concentrators, Spin 5K MWCO, 4 
mL, # 51855991, www.chem.agilent.com) using 5 mL of 10% AcN with 0.1% 
TFA in water. Samples were evaporated to dryness in a CentriVapConcentrator 
(www.labconco.com), before labeling. Samples were resolved in 25μL of 1M 
Triethylammonium bicarbonate. iTRAQ labeling was performed according to 
the manufacturer’s protocol (Applied Biosystems, iTRAQ Reagents 
Application Kit-Plasma (Amine-Modifying Labeling Reagents for Plasma 
Sample Applications)) with modification of the trypsin-to-protein ratio (1:14 
instead 1:5.75 w/w enzyme-to-substrate). Sequencing grade modified trypsin 
was from Promega (# V5111, www.promega.com). iTRAQ labeling was 
performed twice for patients 30 and 25 (both with complete remission after 
treatment; see Table 1) by derivatizing the peptide mixture with the isobaric 
tags 114 (patient 30, pre-therapy), 115 (patient 25, pre-therapy), 116 (patient 30, 
post-therapy) and 117 (patient 25, post-therapy). 
 
2.5. Pre-fractionation by Strong-Cation Exchange HPLC 

In order to remove excess, unbound iTRAQ reagent and to simplify the 
mixture before nanoLC-MS-MS analysis, the peptide mixture was washed and 
fractionated off-line using a strong cation exchange (PolySULFOETHYL A) 
column (4.6x 200mm column (www.doi.wiley.com) operated at 0.2 mL/min 
flow rate using an AKTA Explorer Purifier 10 with a frac-900 fraction collector. 
The mobile phase was comprised of two buffers: A: 5mM KH2PO4/H3PO4 pH 
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3, 25% Acetonitrile [AcN] and B: 5mM KH2PO4/H3PO4 pH 3, 25% can, 1.0 M 
KCl. The salt gradient varied in three segments: 15%B (12 column volumes 
(CVs)), 50%B (3CVs), 100%B (5CVs), KCl (10mM/min). The resulting 50 
fractions were pooled in 20 fractions based on intensity and dried in a 
CentriVapConcentrator (LABCONCO) prior to mass spectrometric analysis. 
 
2.6. Cap-LC-MS 

All cap-LC-MS analyses were performed on an Agilent 1100 capillary HPLC 
system coupled on-line to an SL ion-trap mass spectrometer 
(www.home.agilent.com) equipped with an Atlantis™ dC 18 (1.0 × 150 mm, 3 
μm) column that was protected by an Atlantis™ dC 18 in-line trap column (3 
μm, 2.1 mm × 20 mm guard column). 40 µL of the pretreated (depleted and 
digested) fractions corresponding to ~8 µg or 160 pmol of total protein digest 
(calculated based on a 50kDa protein) were injected. The autosampler (# 
G1367A) was equipped with a 100 µL injection loop and a temperature-
controlled cooler (# G1330A) maintaining the samples at 4°C. The HPLC 
system had the following additional components: capillary pump (#, G1376A), 
solvent degasser (#, G1379A), UV detector (# G1314A) and column holder (#, 
G1316A). The sample was injected and washed in the back-flush mode for 30 
min (0.1% aq. formic acid (FA) and 3% AcN at a flow rate of 50 µL/min). 
Peptides were eluted in a linear gradient from 0 to 70% (0.5%/min) AcN 
containing 0.1% FA at a flow rate of 20 µL/min. After each injection the in-line 
trap and the analytical column were equilibrated with eluent A for 20 min 
prior to the next injection. 

The following settings were used for mass spectrometry during LC-MS. 
Nebulizer gas: 16.0 psi N2, drying gas: 6.0 L/min N2, skimmer: 40.0 V, 
Ionisation voltage: 3500 V, cap. exit: 158.5 V, Oct. 1: 12.0V, Oct. 2: 2.48 V, Oct. 
RF: 150 Vpp (Voltage, Peak Power Point), Lens 1: -5.0 V, Lens 2: -60.0 V, Trap 
drive: 53.3, T: 325°C, Scan resolution: enhanced (5500 m/z per second scan 
speed). Target mass: 600. Scan range: 100-1500 m/z. Spectra were saved in 
centroid mode. LC-MS chromatographic data were analyzed with Bruker Data 
Analysis software, version 2.1 (Build 37), [15].  

Label-free LC-MS data were first analyzed with the data analysis software 
provided by the instrument manufacturer, (version 3.3, build 146; Bruker 
Daltonics, Bremen, Germany). For the analysis label-free data (as well as of 
iTRAQ data analysis) Matlab (version 7.4.0.287 (R2007a), Mathworks, Natick, 
MA, USA) were used. For PCA calculation and visualization the PLS toolbox 
(version 3.5.2, Eigenvector Research Inc., Wenatchee, Washington, USA) were 
used under Matlab. 

 
2.7. nanoLC-MS-MS analysis of iTRAQ-labeled  samples   

Dried SCX fractions were resuspended in 50 μL 2%AcN/0.1%formic acid 
(FA) and analyzed by nanoLC–MS-MS with electrospray ionization (ESI) 
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(QSTAR-XL hybrid quadrupole-time-of-flight mass spectrometer, Applied 
Biosystems, Foster City, USA). 10 μL of the resuspended SCX fractions were 
loaded onto a 0.3 mm x 0.5cm C18-Pepmap trapping column 
(www.dionex.com) at a flow rate of 10 μL/min (2%AcN/0.1%FA). After 30 
min of washing, the trap column was switched into the Agilent 1100 nanoflow 
system and peptides were separated on a 75 μm x 15 cm C18 PepMap column 
(Dionex) at 300 nL/min. Peptides were eluted from the column using a 105 
minute gradient  from 95%A to 50%A (A: H2O/AcN/FA (950:50:1), B: AcN/ 
H2O /FA (950/50/1)). The column was connected to a nanospray emitter 
(360/20 μM ID, 10 μm tip; NewObjective, doi.wiley.com). The typical ion-spray 
voltage applied was 2200V. Data was acquired using an independent data 
acquisition (IDA) protocol where, for each cycle, the 3 most abundant multiply-
charged peptides (2 to 4 charges) in the MS scan with m/z values between 350 
and 1500 amu  reaching a threshold of 30 counts were selected for MS/MS. The 
collision energy was adjusted to gain more information in the reporter ion 
region. Each peptide was selected twice, and then dynamically excluded for 60 
seconds. Data were processed using Analyst QS 1.1/BioAnalyst software with 
protein identification and quantification (ProQUANT/ProGroup programs).  
 
2.8. Label-free data analysis and multivariate statistics 

For (pre-)processing and multivariate statistical analysis of the original 
Bruker Daltonics capillary LC-MS data, the files were converted into ASCII-
format with the Bruker data analysis software and saved in centroid mode. 
Centroid data were smoothed and reduced using a normalized two-
dimensional Gaussian filter, with rounding the nominal m/z ratios to 1 m/z 
unit (the original data had a resolution of 0.1 m/z unit). In the retention time 
dimension no data reduction was performed. This meshing procedure reduced 
the number of available data points by roughly a factor 10 and corrected for 
shifting m/z values as a result of different loadings of the ion-trap during 
elution of abundant peptides, a phenomenon that is common for ion-trap mass 
spectrometers [20,21]. After meshing the data files of all chromatograms, they 
were time-aligned (warped) to a reference data file using Correlation 
Optimized Warping (COW) [22] based on TICs constructed from signals in the 
range 100-1500 m/z. The accuracy of correcting retention time shifts in this 
manner was manually checked by visualization before and after time 
alignment of the 4 most intensive peaks for 10 equal segments between 60-155 
min. 

A modified M-N rule was applied for peak detection by first calculating a 
median local baseline using a sliding window technique that was applied 
separately to each m/z trace. A median window size of 1200 data points, 
corresponding to 20.17 min, was used with a moving rate of 10 points and a 
minimum median value of 200 counts. According to the M-N rule, a threshold 
of M-times the local baseline was used and a peak was assigned if within one 
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m/z trace the signal exceeded this threshold for at least N consecutive points 
[23]. For each detected chromatographic peak the m/z value, the mean 
retention times of the three highest measured intensities within the mass 
spectrum of this peak reduced by the local baseline were stored in a peak list 
created for every chromatogram. 

We used a similar approach as Radulovic et al. [23] to obtain optimal 
settings for M and N. Different values for M (1.5-4) and N (4-8) were applied to 
two blank LC-MS runs and two LC-MS runs of depleted, trypsin-digested 
serum samples. Settings were used at which the ratio between the number of 
peaks (between 60-155 min) in the samples relative to the blank 
chromatograms was highest and at which a minimal number of peaks was 
extracted from the noise in the blank chromatogram (M = 2 and N = 5 in our 
case). 

In order to combine peak lists from different samples into one common 
matrix, one-dimensional peak matching was performed by using the sliding 
window technique, in which the same m/z traces were evaluated for peaks 
that are proximate in time (step size 0.1 min; search window 1.0 min; maximal 
accepted standard deviation for all retention times within a group of matched 
peaks 0.75 min). Missing peak allocation was performed by extracting the 
background subtracted local signal of the given m/z trace at the given 
retention time. The generated peak matrix, created from the peak lists of the 
individual samples, consisted of a peak(row)-sample(column)-intensity(value) 
matrix. This peak matrix was used for multivariate statistical analysis. All data 
preprocessing work was done on a personal computer equipped with a dual 
core +3800 MHz AMD 64 X2 processor equipped with 4 GB of RAM. 
 
2.9. Classification and multivariate statistical methods 

To select the most discriminating peaks between serum sampled before (A) 
and after treatment (B), the Nearest Shrunken Centroid (NSC) classification 
algorithm was applied [24,25]. NSC regularizes data whereby class-specific 
centroids are “shrunken” toward the overall (non-class-specific) centroid, 
which has the effect of eliminating the influence of the most weakly 
discriminating peaks, thereby reducing the risk to overfit the data [25]. This 
algorithm selects those peaks that are most relevant for the discrimination of 
the predefined classes. NSC is used in conjunction with leave-one-out cross-
validation (LOOCV) to find the shrinkage value that gives the minimal 
LOOCV error [26]. In LOOCV one observation per class is iteratively omitted 
from the data set that is used to construct the classification model, which is 
then used to classify the omitted observation. The selected peaks at the highest 
shrinkage value giving the lowest LOOCV error were employed for 
construction of the final classification model. The selected peaks were then 
subjected to auto-scaling (all variables have zero mean and unit variance) and 
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Principal Components Analysis (PCA) and visualized using biplots of the first 
two principal components [27,28]. 
 
2.10. Analysis of iTRAQ data 

The total number of identified proteins were 117 and 131. The reporter ion 
ratios of two samples obtained at one time point (between 25A-30A and 25B-
30B named as reference set) and thus presenting differences mostly related to 
biological variance considered as noise were natural log-transformed and 
median-subtracted. Gaussian curves were fitted on the smoothed histograms 
(smoothing using Savitzky-Golay with 2 degree of polynomial) of the above-
mentioned data and standard deviations (SD) were determined. Differences in 
the natural log-transformed and median-subtracted reporter ion ratios (in ion 
ratio corresponding time point A were used as denominator for each sample) 
were considered to be significant when their respective mean ratio of patient 25 
and 30 exceeded 2-times the SD determined on the ratios reference set. 2SD 
resulted in a confidence level of 95.4%. Using that value 11 and 7 proteins were 
found to be significantly different in the reference set. When comparing 
samples before treatment with samples after treatment, 24 and 14 proteins 
were found to be significantly different, in the two replicats 
 
3. Results 
3.1. Label-free data analysis and multivariate statistics 

20 serum samples obtained from 10 cervical cancer patients before (A) and 
after (B) therapy (Table 1) were analyzed. 
Depletion of serum samples on multiple Affinity Removal column (Agilent) 
allowed to remove the 6 most abundant proteins (albumin, IgG, antitrypsin, 
IgA, transferrin and haptoglobin). The resulting depleted sera were digested 
and analyzed by capLC-MS (an equivalent of appr. 2μL of the original serum 
were injected). After processing the LC-MS data to obtain a common, aligned 
peak matrix (see Chapter IV),  datasets obtained from samples at time points A 
and B, respectively, were compared using the Nearest Shrunken Centroid 
(NSC) classification algorithm [24,25]. The NSC algorithm selected 51 peaks (at 
a shrinkage of 2.88) contributing to the discrimination between pre- and post-
treatment samples. The relative abundance (time point A is considered as 
100%) of these peaks is shown in Figure 1. 
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Table 1. Cervical cancer patients (long-term survivors) before (A) and after (B) 
treatment used for comparative serum analysis. Samples B were collected 7-11 
months after treatment.  
 
Patient 
number 

Serum 
number 

SCC  level 
(ELISA), μg/L 

Stage of the cancer 
(FIGO), [14] 

Follow-up 

21A 911837 3,6  
21B 921094 0,4 IIIb complete remission 
22A 971468 26,5  
22B 981748 1,4 IVa partial remission 
23A 951089 44,9  
23B 961080 6,9 IVa stable disease 
24A 870921 6,2  
24B 880986 1,3 IIIb complete remission 
25A 890702 42,0  
25B 900226 0,2 IIIb complete remission 
26A 900694 6,6  
26B 910122 0,6 IIIb complete remission 
27A 921695 2,2  
27B 930861 0,8 IIIb complete remission 
28A 930095 6,5  
28B 931482 1,1 IIIb complete remission 
29A 931355 9,1  
29B 940841 0,9 IIIb complete remission 
30A 890552 12,6  
30B 940841 0,9 IIIa/b complete remission 
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 Univariate comparison of NSC discriminating peaks
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Figure 1. Relative abundance (all values obtained from time point A were set to 100%) of the 51 
NSC-selected peaks (shrinkage 2.88) that contribute to discrimination between time points A (pre-
treatment) and B (post-treatment) are shown with their relative standard deviations (10 patient 
samples in each dataset). 
 
None of the observed differences reached statistical significance 95% when 
analyzed in a univariate manner. It is noteworthy that all intensities of peaks 
from time point B were higher than those at time point A, indicating that there 
is an underlying normalization problem that requires further attention. 
Although statistical significance was not reached, there were quantitative 
differences for certain peptides with extracted m/z values of: 606, 408, 532, 613, 
675, 527, 1231, and 968 (Figure 2: upper traces, patients before treatment (A), 
lower traces patients after treatment (B)). 

Principal component analysis (PCA biplot) of all 13531 peaks (Figure 3a) 
and of the 51 NSC-selected peaks (Figure 3b) resulted in some clustering in the 
case of the 51 selected peaks. Whether clustering is due to the above-mentioned 
normalization problem or to a real discrimination between the samples awaits 
further data processing and statistical analyses. A correlation map of the same 
10 patient samples before (A) and after treatment (B) using all 13531 peaks 
(variables) showed high correlation coefficients for all samples (>0.7) indicating 
a high similarity between the analyzed samples (Figure 4). 

 
3.2. Stable-isotope (iTRAQ) labeling 

In order to evaluate whether more subtle differences could be detected 
between pre- and post-treatment serum samples, stable-isotope labeling using 
the commercially available iTRAQ reagents [29] were performed in duplicate 
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on two patient sera (patients 30 and 25; see Table 1) obtained before and after 
treatment. Samples were depleted as described above and proteins (50 µg) 
were reduced, alkylated and digested with trypsin (see Methods). Peptides 
were subsequently derivatized with the isobaric tags 114 (patient 30, pre-
therapy), 115 (patient 25, pre-therapy), 116 (patient 30, post-therapy) and 117 
(patient 25, post-therapy). All samples were labeled in separate reactions and 
mixed together for further work-up, separation by strong cation-exchange 
HPLC (20 fractions) and nanoLC-MS-MS analysis. All 20 fractions were 
analyzed separately by LC-MS-MS. 131 or 117 proteins  were identified with a 
confidence higher than 95% in  experiments one and two, respectively, and 
quantified relative to each other using the reporter ions (m/z 
114(30A)/115(25A)/116(30B) and 117(25B)) after MS-MS fragmentation of 
selected multiply-charged precursor ions. 

10 proteins from 131 were up-regulated after medical treatment: these 
included Apolipoprotein B-100 (P04114), Apolipoprotein A-IV (P06727), Serum 
albumin (P02768), Apolipoprotein A-I (P02647), Lumican (P51884), C4b-
binding protein alpha chain (P04003), Apolipoprotein A-II (P02652), 
Tetranectin (P05452), Properdin (P27918) and Fibrinogen alpha chain (P02671). 
Down regulation of proteins after therapy were shown in both experiments for 
4 proteins: Alpha-1-antichymotrypsin (P01011), Platelet basic protein (P02775), 
Leucine-rich alpha-2-glycoprotein (P02750), Ig heavy chain V-III region TUR 
(P01779). Figure 6 shows examples of LC-MS-MS spectra after iTRAQ labeling 
of up- (Figure 6A, Apolipoprotein II.) and down- regulated (Figures 6B and C, 
Platelet basic protein) proteins. 
Serum albumin should be removed during depletion step, one of the reason of 
its identification could be due to partial fragmentation of protein. 
 



Chapter VI 

 165

A

B

71 72 73 74 75 76 77 78 79 80
0

1

2

3

4
x 106

71 72 73 74 75 76 77 78 79 80
0

1

2

3

4
x 10

6 75.67 min 408 mz

A

B

71 72 73 74 75 76 77 78 79 80
0

1

2

3

4
x 106

71 72 73 74 75 76 77 78 79 80
0

1

2

3

4
x 10

6 75.67 min 408 mz

A

B

112 113 114 115 116 117 118 119 120 121
0

5

10
x 105

112 113 114 115 116 117 118 119 120 121
0

5

10
x 10

5 116.53 min 606 mz

A

B

112 113 114 115 116 117 118 119 120 121
0

5

10
x 105

112 113 114 115 116 117 118 119 120 121
0

5

10
x 10

5 116.53 min 606 mz

A

B

82 83 84 85 86 87 88 89 90 91
0

2

4

6

8
x 105

82 83 84 85 86 87 88 89 90 91
0

2

4

6

8
x 10

5 86.84 min 527 mz

A

B

82 83 84 85 86 87 88 89 90 91
0

2

4

6

8
x 105

82 83 84 85 86 87 88 89 90 91
0

2

4

6

8
x 10

5 86.84 min 527 mz

A

B

86 87 88 89 90 91 92 93 94 95
0

1

2

3

4
x 105

86 87 88 89 90 91 92 93 94 95
0

1

2

3

4
x 10

5 90.28 min 675 mz

A

B

86 87 88 89 90 91 92 93 94 95
0

1

2

3

4
x 105

86 87 88 89 90 91 92 93 94 95
0

1

2

3

4
x 10

5 90.28 min 675 mz

A

B

76 77 78 79 80 81 82 83 84 85
0

1

2

3

4
x 106

76 77 78 79 80 81 82 83 84 85
0

1

2

3

4
x 106 80.68 min 532 mz

A

B

76 77 78 79 80 81 82 83 84 85
0

1

2

3

4
x 106

76 77 78 79 80 81 82 83 84 85
0

1

2

3

4
x 106 80.68 min 532 mz

A

B

102 103 104 105 106 107 108 109 110 111
0

2

4

6
x 105

102 103 104 105 106 107 108 109 110 111
0

2

4

6
x 105 106.12 min 1231 mz

A

B

102 103 104 105 106 107 108 109 110 111
0

2

4

6
x 105

102 103 104 105 106 107 108 109 110 111
0

2

4

6
x 105 106.12 min 1231 mz

A

B

68 69 70 71 72 73 74 75 76 77
0

5

10

15
x 105

68 69 70 71 72 73 74 75 76 77
0

5

10

15
x 105 72.79 min 613 mz

A

B

68 69 70 71 72 73 74 75 76 77
0

5

10

15
x 105

68 69 70 71 72 73 74 75 76 77
0

5

10

15
x 105 72.79 min 613 mz

A

B

102 103 104 105 106 107 108 109 110 111
0

2

4

6
x 106

102 103 104 105 106 107 108 109 110 111
0

2

4

6
x 106 106.26 min 968 mz

A

B

102 103 104 105 106 107 108 109 110 111
0

2

4

6
x 106

102 103 104 105 106 107 108 109 110 111
0

2

4

6
x 106 106.26 min 968 mz

 
Figure 2. Extracted ion chromatograms of 8 signals from a total of 51 that were selected by the NSC 
algorithm to contribute to the discrimination between pre- (A) and post-treatment (B) serum 
samples from cervical cancer patients (late-stage survivors, see Table 1).  
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Figure 3. PCA biplot based on all (A, 13531 variables) and on the 51 NSC-selected variables (B, 
shrinkage 2.88) from 10 serum samples collected at the time of diagnosis of advanced stage of 
cervical cancer ( ) and 7-11 months after treatment ( ). NSC-selected variables ( ). 
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Figure 4.  Correlation plots of serum samples from 10 patients collected at the time of diagnosis of 
advanced stage of cervical cancer (A) and 7-11 months after treatment (B) using all 13531 variables 
and using the NSC selected 51 variables that were obtained using an MN rule with M = 2, N = 5 for 
peak picking. 
 
The LC-MS-MS data analyzed using the ProQuant software with quantification the reporter ions 
and calculation of the ratio relatively to a preset the patient 30, pre-therapy as denominator (114). 
The bias was applied for correction of the systematic error in the iTRAQ ratio due to experimental 
error. In experiment 1 the bias applied were: 1 for 114 signal, 1.22 for 115; 1,13 for 116 and 1.23 for 
117 and  1; 1,23; 1,043; 0.92 respectively in experiment 2. Based on those ratios the bar graphs were 
created (Figure 5, exp. 1) 

 

(A) (B) 

(A) (B) 



Chapter VI 

 167

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

A
P

O
B

H U
M

A
N

 (P
04114)

A
LB

U
H U

M
A

N
 (P

02768)

A
P

O
A

4H U
M

A
N

 (P
06727)

A
P

O
A

1H U
M

A
N

 (P
02647)

A
A

C
TH U

M
A

N
 (P

01011)

LU
M

H U
M

A
N

 (P
51884)

S
C

Y
B

7H U
M

A
N

 (P
02775)

C
4B

P
H U

M
A

N
 (P

04003)

A
P

O
A

2H U
M

A
N

 (P
02652)

A
2G

LH U
M

A
N

 (P
02750)

TE
TNH U

M
A

N
 (P

05452)

H
V

3R
H U

M
A

N
 (P

01779)

P
R

O
P

H U
M

A
N

 (P
27918)

FIB
A

H U
M

A
N

 (P
02671)

iTRAQ - Advanced disease - series II.

 

 
30A
25A
30B
25B

 
Figure 5. Proteins showing significant difference in patient sample before (30A, 25A) and after 
(30B, 25B) treatment using iTRAQ quantification.  
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Figure 6. A: Up-regulated peptide (m/z 630,9, RT 43,417 min) derived from Apolipoprotein AII 
[SPELQAEAJ (P02652)]. B: Down-regulated peptide (m/z 671.7, RT 65,276 min) derived from 
Platelet basic protein [GJEESLDSDLYAELR (P02775)]. C: Another down-regulated peptide (m/z 
620,0, RT 55,594 min) derived from Platelet basic protein [GTHCNQVEVIATLJ (P02775)]. J: 
abbreviation for iTRAQ-Lys. 
 
3.3. Pre-fractionation of proteins in depleted serum by high-temperature 
reversed-phase HPLC on an mRP column followed by gel electrophoresis 

In order to enhance the concentration sensitivity of our comparative 
proteomics method and since we did not get a clear-cut separation of groups 
before and after therapy (based on the analysis of trypsin-digested, depleted 
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serum by cap-LC-MS), we decided to perform a more thorough pre-
fractionation of depleted serum on a recently developed macroporous 
reversed-phase HPLC column at elevated temperature under denaturing 
conditions (mRP column; Agilent) followed by 1D (Patients 21, 24, 25 and 30) 
or 2D gel electrophoresis (Patient 30). Pre-fractionation (50 fractions) of 
depleted serum in a gradient of AcN containing 0.1% TFA allowed to reduce 
complexity significantly (Figure 7A,B). 
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Figure 7. (A): Pre-fractionation of depleted serum from patient 30 (before treatment: left panel; after 
treatment: right panel) on an mRP column using an increasing gradient of AcN/0.1% TFA. (B): 
Example of 1D gel electrophoresis of some collected fractions (19-20, 31, 37, 40-43) demonstrate that 
complexity has been greatly reduced relative to original serum (lane 2).  
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Figure 8. 1D gel electrophoresis of mRP column fractions (patients 25 and 30):  
31A: A- patient before treatment, fraction #31 (mRP column)  
31B: B- patient after treatment, fraction #31 (mRP column) 
34A: A-patient before treatment, fraction #34 (mRP column) 
34A: B-patient after treatment, fraction #34 (mRP column). 
Arrows  (1-4) indicate Apolipoprotein A1. 
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Due to the high reproducibility of the reversed-phase separation, fractions 
could be compared by SDS-PAGE in a pair-wise manner between sera before 
and after treatment obtained from the same patient (Figure 8). In most of the 
fractions patterns were the same, however, clear differences of protein patterns 
were observed in a few fractions (Figure 8).  

Apolipoprotein A1 was identified in fractions 31 and 34 before and after 
treatment for all four examed patients (21, 24, 25 and 30; all complete 
remission). In all four cases the amount of ApoA1 was higher in samples after 
treatment. Interestingly, ApoA1 eluted in two different fractions that were well 
separated from each other, while it was absent in fractions 32 and 33. This is 
most likely due to modifications. To gain further insight into the 
microheterogenity of Apo A1, mRP fractions 31 and 34 (pre/post therapy) 
were compared by 2D gel electrophoresis (Figure 9). 
After in-gel digestion of all spots and LC-MS-MS analysis, it was confirmed 
that all spots contained ApoA1. This confirmed that Apo A1 was indeed 
heterogenous with respect to its isoelectric point. The same number of ApoA1 
spots were observed in fractions 31 before and after therapy (Figure 9A,B), 
while fractions 34 showed two additional spots after treatment (Figure 9C,D) 
and the abundance of ApoA1 in fraction 34 increased after treatment, 
confirming earlier results obtained by SDS-PAGE (see Figure 8). An example of 
the identification of ApoA1 in spot (*) (Figure 9D) by MALDI-TOF-MS is given 
as Figure S1 (supplementary material). 

Another possibility to reduce complexity of serum samples is to remove 
more of the high-abundant proteins. The recently released ProteoPrep 20 
Plasma Immunodepletion column (PROT20, Sigma-Aldrich), removes the 20 
most abundant proteins from human serum (~97-99% of total protein content). 
This could allow to visualize  further low-abundance proteins, which co-
migrate during 1D gel electrophoresis and are thus masked by high-abundant 
proteins. Unfortunately only spin column are presently available on the 
market, which renders the depletion step time consuming. Serum (pre-/post-
therapy) from patient 30 served again as initial test material for this 
immunodepletion step. Depleted serum (corresponding to 40µL of original 
serum) was pre-fractionated on the mRP column (Figure 10) followed by 1D 
gel electrophoresis. Not all 20 proteins (according description of column) were 
removed completely after depletion, since Haptoglobin precursor, Transferrin 
precursor, IgHG2_human, were identified after in-gel digestion of the 
corresponding bands. 



Comparative analysis of cervical cancer patients (long-term survivors) before and after treatment 

170 

 
 
Figure 9. 2D gel electrophoresis (zoom-in) of fractions 31 before treatment (A), after treatment (B) 
and fractions 34 before treatment (C); after treatment (D) after pre-fractionation on mRP column. 
The same spots observed in fraction 31 (A,B), but in fraction 34 two more spots are present (D) after 
therapy. 
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Figure 10. . Pre-fractionation of serum depleted of the 20 most abundant proteins on an mRP 
column using a gradient of increasing AcN/0.1% formic acid. Depleted serum of patient 30 before 
(A) and after (B) treatment. 

 
While the overall chromatogram (Figure 10) does not show any major 

differences between pre- and post-treatment samples, gel electrophoretic 
analysis of the collected fractions showed that Vitronectin/Serum-spreading 
factor (P04004), Beta-1B-glycoprotein/Hemopexin (P02790), Complement 
factor H Precursor (P08603), Zinc-alpha-2-glycoprotein precursor (P25311) 
were present in serum prior to treatment and absent or down regulated after 
therapy (Figure 11). 
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Figure 11. 1D gel electrophoresis of mRP column fractions (patient 30 before and after treatment; 
pair-wise analysis (from left to the right)) 
1: Zinc-alpha-2-glycoprotein (P25311) score 231(mascot), 102.05 (Phenyx), p=4.56E-41, fraction 17. 
2, 4: Serum-spreading factor (P04004), fractions 21 (B) and 22 (C), score  7.55 (Phenyx), p= 7.68E-11 
and 36.5, p=5.8E-14, respectively.  
3, 5: Hemopexin (P02790), fractions 21 (B) and 22 (C), score 102,68 (Phenyx), p= 3,14E-28 and 
103,45, З=1,01E-32  
6-7: Complement factor H: a and b, respectively (P08603), fraction 15, score 102,68 (Phenyx), p= 
3,14E-28 and 103,45, З=1,01E-32 
 
4. Discussion 

Pre-processing and multivariate statistics of LC-MS data obtained from 
advanced stage patients with cervical cancer did not allow us to detect 
significant differences in peak areas or intensities for pre- or post- therapy 
samples after depletion of the 6 most abundant serum proteins followed by 
trypsin-digestion and cap-LC-MS.  

Stable-isotope labeling (iTRAQ) and additional prefractionation of the 
digest by strong cation-exchange HPLC detected four different 
Apolipoproteins that were found to be up- regulated in serum from 2 patients 
after treatment. They were: Apolipoprotein B-100 (P04114), Apolipoprotein A-
IV (P06727), Apolipoprotein A-I (P02647) and Apolipoprotein A-II (P02652). 
Apo A-IV is a major component of HDL (high density lipoprotein) and 
chylomicrons [30]. Apo A-II stabilizes the structure of HDL [31,32]. Apo B-100 
plays a role as a recognition signal for the cellular binding by the apoB/E 
receptor [33,34]. Apo-A-I is important in the reverse transport of cholesterol 
from tissues to the liver and also as a cofactor for lecithin cholesterol 
acyltransferase (LCAT) [35]. Up-regulation of Apo-A-I after treatment agreed 
well with results of 1D gel electrophoretic analysis after pre-fractionation on an 



Chapter VI 

 173

mRP column (Figure 8, fraction 34) and with subsequent 2D gel analysis 
(Figure 10C, 10D). Apo A-I has been shown to inhibit herpes simplex virus-
induced cell fusion [36], inhibits HIV-induced syncytium formation [37]. It has 
previously been shown that changes in the amounts of isoforms of 
Apolipoprotein A-1 could be a useful biomarker for HIV patients (diagnosis 
and effect of therapy) [38]. It is thus conceivable that increasing amounts of 
Apo A-I and changes in its isoforms, as detected by 2D gel electrophoresis in 
patient 30, could be a marker for patient recovery after medical treatment. 

Fibrinogen (Fibrinogen alpha chain (P02671) forms monomers that 
polymerize into fibrin after cleavage by thrombin and that promote platelet 
aggregation [39]. Tetranectin is involved in packaging of molecules for 
exocytosis [40]. Properdin stabilizes the C3/C5 convertase enzyme complexes 
(regulation  of the complement pathway) [41]. 

Lumican (P51884) is a small proteoglycan that regulates the fibrillar and 
suprafibrillar organization of collagen in the periodontal ligament [42]. C4b-
binding protein alpha chain (P04003) controls activation of the complement 
pathway and interacts with the anticoagulant protein S and with a component 
of serum amyloid P [43]. 

Serum albumin (P02768) is the main protein in plasma and serum, 
regulating the colloidal osmotic pressure of blood, binding to Ca2+, Na+, K+, 
fatty acids, hormones, bilirubin and other compounds [44,45]. C-reactive 
protein (CRP) was down-regulated in experiment 2. CRP is associated with 
host defense including agglutination, bacterial capsular swelling, phagocytosis 
and is a well-known “acute-phase” protein that is up-regulated upon 
inflammation [46]. It is thus expected to be down-regulated when a patient’s 
health improves. 

With respect to our search for potential biomarkers, down-regulated 
proteins after therapy are of special interest. Alpha-1-antichymotrypsin 
(P01011), Platelet basic protein (P02775), Leucine-rich alpha-2-glycoprotein 
(P02750) and Ig heavy chain V-III region TUR (P01779) were down-regulated in 
both iTRAQ labeling experiments. Leucine-rich alpha-2-glycoprotein is most 
probably a membrane-associated or membrane-derived protein, associated 
with binding properties [47,48], Alpha-1-antichymotrypsin inhibits neutrophil 
cathepsin G and mast cell chymase. Both proteins are involved in the 
conversion of angiotensin-1 (inactive) to the angiotensin-2 (active) [49]. Alpha-
antichymotrypsin belongs to “acute-phase” proteins and likely being related to 
generally improved health after successful treatment. Platelet basic protein 
(contains antibacterial proteins TC-1 and TC-2) stimulates DNA synthesis, 
mitosis, glycolysis and the secretion of plasminogen [50,51]. Ig heavy chain V-
III region TUR contains 1 Ig-like (immunoglobulin-like) domain and this chain 
was isolated from an IgA1 myeloma protein [52]. The variable region 
sequences of five human immunoglobulin heavy chains of the VH3 subgroup 
form a multifunctional locus that is needed both for the IgG and the IgA class. 
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It is hard to say why this protein should be increased in cervical cancer samples 
and decrease after successful therapy but one possibility is that it is connected 
to the immune response against viral infections, as was shown for other 
diseases caused by an underlying infection [53,54]. 

After depletion of 20 of the most abundant serum proteins, it was possible 
to load a bigger volume of the original serum (in our case 40μL) on the high-
temperature reversed-phase pre-fractionation column in order to improve 
concentration sensitivity and to reach into a range, where known potential 
tumor markers have been identified (ng/mL range). 30-50 fold increase in the 
relative amount of low abundant proteins could be reached on ProteoPrep 20 
Plasma Immunodepletion (PROT20) column, as example we were able to 
detect E1 protein: Human papillomavirus type 31 (W1WL31) after depletion of 
20 proteins followed by mRP fractionation (fraction 31) in serum Patient 25 
with confidence 95% (data are not shown).  

Vitronectin/Serum-spreading factor (P04004), Beta-1B-glycoprotein/ 
Hemopexin (P02790), Complement factor H Precursor (P08603) and Zinc-
alpha-2-glycoprotein precursor (P25311) were all present in serum samples 
prior to treatment and absent or down-regulated in post-treatment samples 
(Figure 12 and Figure S2 in supplementary materials). Human Zinc-alpha-2-
glycoprotein was previously found in benign and malignant breast tissues [55]. 
It is quite likely that this protein is an indicator of tumor development. 

Recently, the analysis of the plasma proteome from a mouse model of 
intestinal cancer has been described [56]. Interestingly, these authors found 
that the levels of some apolipoproteins, hemoglobins, fibronectin and 
immunoglobulins changed upon tumor progression. This indicates that some 
of our findings could reflect cancer development, rather than a more generic 
response to medical treatment. 

In order to group the identified proteins that change in response to 
successful treatment according to functional classes, we used  a Gene Ontology 
approach accessed through the WebGestalt server 
(http://bioinfo.vanderbilt.edu/webgestalt). It appeared that a group of 
proteins (Apolipoprotein A-II, Complement component 4 alpha chain binding 
protein (up-regulated after treatment) and Vitronectin, Platelet basic protein 
(chemokine (C-X-C motif) ligand 7), Complement factor H, Zink-alpha-2-
glycoprotein, Hemopexin (down-regulated after treatment) were clustered in 
categories related to the immune system/response or inflammatory and 
response to injury. It is quite likely therefore to assume that the observed 
changes are part of a coordinated common function. Whether any of them is 
specific for cancer and cervical cancer, in particular, remains to be investigated. 

This requires the analysis of additional patients preferably using the 
ProteoPrep 20 Plasma Immunodepletion column in the format of an HPLC 
rather than a spin column. We are also in the process to perform more 
extensive longitudinal comparisons of samples from the same patient. 
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Figure S1. Example of a MALDI spectrum that served to identify Apolipoprotein A-I(1-242), 
P02647 in one spot after 2D gel electrophoresis as indicated with an  asterisk (*) in Figure 9. M.W. 
28kDa;  Score: 90.36, Hits: 13, sequence coverage: 52%. 
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Figure S2. 2D gel electrophoresis of 6 protein depleted serum of patient 30 before (A, above) and 
after (B, below) medical treatment. White circles (above): Hemopexin _Human (P02790) Score: 
34,17; 31% of coverage (left spot); Hemopexin _Human (P02790) Score: 13.68; 24% of coverage 
(right spot).




