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Abstract

Objectives Proteomic profiling of serum is an emerging
technique to identify new biomarkers indicative of disease
severity and progression. Our study was to assess the use of
surface enhanced laser desorption/ionization time-of-flight
mass spectrometry (SELDI-TOF MS) to identify multiple
serum protein biomarkers for early detection of laryngeal
squamous cell carcinoma (LSCC), establish predictive
model, and accurately distinguish LSCC patients with or
without lymph node metastasis.

Methods A cohort of 252 serum samples with LSCC
(n = 142) and normal control (n = 110) were consented into
this study. These serum samples were randomly divided
into training set (including 89 LSCC patients at stages I-II
and 65 normal controls, 30 LSCC patients with lymph node
metastasis) and blind testing set (including 53 LSCC
patients at stages III-IV and 45 normal controls). Serum
protein profiles on weak cationic exchange (WCX2) were
performed by SELDI-TOF MS and then analyzed by Bio-
marker Wizard software. The Decision Tree classification
algorithm and blind validation were determined by Bio-
marker Pattern Software (BPS).

Results A panel of 18 biomarkers ranging 2-30 kDa was
selected based on their collective contribution to the opti-
mal separation between stages I-II LSCC patients and
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healthy controls. Among them, one candidate protein peak
with an m/z value of 4,176 Da was selected to establish pre-
dictive model by BPS with sensitivity of 86.52% and speci-
ficity of 84.62%. The ability to detect LSCC patients was
evaluated using blinding test data in stages III and IV can-
cer patients. A sensitivity of 84.91% and specificity of
82.22% were validated in blind testing set. Meanwhile 14
potential biomarkers could differentiate LSCC patients with
or without lymph node metastasis (P < 0.05).

Conclusions The high sensitivity and specificity achieved
by the serum protein biomarkers show great potential for
the early detection of LSCC. SELDI-TOF MS serum profil-
ing also is able to distinguish LSCC patients with or with-
out lymph node metastasis.

Keywords Laryngeal squamous cell carcinoma -
Proteome biomarkers - Surface-enhanced laser desorption/
ionization mass spectrometry - Decision tree - Metastasis

Introduction

Laryngeal squamous cell carcinoma (LSCC) is one of the
commonest primary head and neck malignancy, represent-
ing approximately 1% of all malignancies. LSCC include
three subtypes: supraglottic, glottic and subglottic carci-
noma. A history of gradual development of hoarseness,
sore throat, dysphagia and odynophagia are common pre-
senting symptoms. Hoarseness is produced early in glottic
cancer but is a late finding in supraglottic and subglottic
cancer. Sore throat, dysphagia and odynophagia also are
symptoms of chronic pharyngitis, which are often over-
looked. In addition, the last two places are often hidden
from physical examination. Therefore, tumors in these
places are often discovered in advanced stages. Multiple
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studies have shown that increasing T and N stage correlate
with lower survival. LSCC patients diagnosed in TINOMO
stage have a 5-year survival at a rate of 90-95%, and
T2NOMO cancer at a rate of 80-90%, in the advanced stage
T3-T4ANOMO the 5-year survival is decreased to 70%, but
with the presence of nodal metastasis T1-T4N1-3MO the
5-year survival is lower than 50% (Shah et al. 1997). The
management of patients with early stage carcinoma of the
larynx is highly successful in terms of survival, organ pres-
ervation, and treatment related morbidity with larynx-spar-
ing surgery. However, survival rates and quality of life as
determined by the quality of (larynx) function preservation
are invariably poor in those patients with stage III, IV dis-
ease who were usually treated with near-total, total or
extended laryngectomy, and synchronous neck dissection.
Also majority of T3 and T4 tumors would be treated with
postoperative radiotherapy. So detection of LSCC at early
disease stages is paramount to successful clinical therapy.

In patients with LSCC, particularly of the supraglottis,
management of the regional lymphatics is a crucial compo-
nent of the overall treatment plan. If metastases to the cervi-
cal lymph nodes are clinically evident at diagnosis, treatment
of the neck is mandatory. The situation is more controversial
when the laryngeal cancer patient does not manifest clinical
signs of neck disease (NO patient). The incidence of occult
lymph node metastases varies according to the site and stage
of the primary laryngeal tumor, being higher in supraglottic
and advanced (T3-T4) cancers, but 20-30% when all sites
and stages are combined. A policy of elective neck treatment
in these NO patients will therefore result in overtreatment of
almost 70-80% of cases, with unnecessary morbidity. In this
situation, the physician must decide whether to perform elec-
tive treatment on the cervical lymph nodes or simply wait for
the metastases to develop and then treat the patient when and
if they occur. This issue, however, has yet to be resolved
(Sarno etal. 2004). So, metastasis-associated serum bio-
markers for LSCC are also urgently needed.

A major obstacle to screen for a diagnostic biomarker is
the tremendous molecular heterogeneity that exists for
nearly all human cancers, suggesting that simultaneous
screening of multiple biomarkers will be required to
improve the early detection/diagnosis of cancer. Since pro-
teins are, for the most part, the mediators of a cell’s func-
tion, the study of the changes in proteins that result from a
pathological lesion, such as complex multistep malignant
process, would appear to be a rich source of potential can-
cer. Traditionally, proteomic research has involved two-
dimensional gel electrophoresis to detect differences in
comparative protein expression profiles between the
healthy and the disease group (Srinivas et al. 2001; Adam
etal. 2001). Although two-dimensional gel electrophoresis
has been the “gold standard” proteomic method, it is usu-
ally difficult to resolve proteins with extremes in molecular
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weight, hydrophobicity and isoelectric points, is labor
intensive and is not easily applied in the clinical setting. A
new proteomic approach for the detection of cancer, which
is called surface enhanced laser desorption/ionization time-
of-flight mass spectrometry and ProteinChip technology,
has been developed. The ProteinChip Biology System uses
SELDI to retain proteins on a solid-phase surface that are
subsequently ionized and detected by TOF MS (Von Eggel-
ing etal. 2001). This instrumentation is presently being
used for projects ranging from identification of disease bio-
markers to study of biomolecular interactions. One of the
key features of SELDI-TOF MS is its ability to provide a
rapid protein expression profile from a variety of biological
and clinical samples. SELDI-TOF MS coupled with bioin-
formatic approach has successfully found new biomarkers
and achieved high sensitivity and specificity for the diagno-
sis of cancers of head and neck (Wadsworth et al. 2004;
Soltys et al. 2004), bladder (Vlahou etal. 2001; Zhang
etal. 2004), prostate (Adam etal. 2002; Cazares et al.
2002), ovary (Petricoin et al. 2002; Vlahou et al. 2003a),
breast (Li et al. 2002; Vlahou et al. 2003b), liver (Poon
etal. 2003), lung (Xiao et al. 2003; Zhukov et al. 2003),
pancreas(Yu et al. 2005). Proteomic studies also were done
on the progression and metastasis of many cancers (Schwe-
gler et al. 2005;Gretzer et al. 2004). However, there are lit-
tle published data on the use of this technique coupled with
decision tree algorithm in studies on LSCC and lymph node
metastasis. This work was aimed to discover the novel bio-
markers based on their significant contribution to the opti-
mal separation of stages I-II LSCC patients versus the
healthy controls. The effectiveness of the selected biomark-
ers was then tested using independent data from stages I1I-
IV LSCC patients and through Biomarker Pattern Software.
The study is also designed to identify specific protein
profiles to lymph node metastasis.

Materials and methods
Serum samples

A total of 142 serum samples from LSCC patients were
obtained with informed consent at Fudan University affili-
ated Eye, Ear, Nose and Throat hospital. LSCC patients
were at different clinical stages (according to UICC 1997).
Diagnoses were pathologically confirmed, and none
received chemotherapy or radiation therapy. One hundred
and ten serum samples of healthy controls were collected
by us in Fudan University affliated Zhongshan Hospital
with informed consent. Demographics of the LSCC patients
and controls are provided in Table I. Specimens were
obtained before treatment. All samples were aliquoted and
stored at —80°C without a freeze-thaw until use.
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Eglélé ;atziﬁ?iizgjlciigngt;?e Sample type Subtype Grade Number Metastasis Age range Mean Female
lesions and control groups Normal 110 3570 54 1
LSCC Supraglottis 40 36-87 60 3
I 2
II 14
111 14 11
v 10 10
Glottis 100 34-83 66 2
I 22
II 50
111 24
v 4
Subglottis I 73
v 1 1 79

SELDI processing of serum samples

Serum samples were applied on the weak cationic exchange
(WCX2) chip surfaces (balanced two times with
50 mMNaAc pH 4.0). In brief, 3 pL of serum was mixed
with 6 pL. 8M urea in 1% 3-[(3-cholamidopropyl)-dimethyl-
ammonio]-1-propanesulfonic acid (CHAPS) for 30 min vor-
texed on ice, followed by the addition of 108 pL
50 mMNaAc pH 4.0. A volume of 100 pL diluted samples
was then applied onto the chips using bioprocessor. Follow-
ing a 60-min incubation, nonspecifically bound molecules
were removed by two brief washes in binding buffer
(50 mMNaAc pH 4.0) followed by one wash with HPLC-
gradient H,O. A saturated solution of sinapinic acid (SPA) in
50% acetonitrile and 0.5% (v/v) trifluoroacetic acid was
applied to the chip array surface (1 pL one time) and mass
spectrometry was performed using a SELDI mass spectrome-
ter (PBSII-C Ciphergen Biosystems Inc). Protein data were
collected by averaging a total of 192 laser shots at laser inten-
sity 185, sensitivity 8 in a positive mode. The protein masses
were calibrated externally using purified peptide standards.
Mass calibration was performed using the all-in-one peptide
standard (Ciphergen Biosystems Inc). Intra-ProteinChip
Array reproducibility was checked by spotting eight different
aliquots of one sample on the same array. Inter-ProteinChip
Array reproducibility was checked by spotting one given
sample on every different array. The intra- and inter-Protein-
Chip Array coeflicients of variation were assessed for all pro-
tein peaks of more than background according to the setting
of detection. The means of intra- and inter-ProteinChip Array
coefficient of variations were 10 and 25%, respectively.

Bioinformatics and biostatistics

The whole protein profiling spectra obtained from serum
samples were first normalized with total ion current nor-

malization, a feature of Ciphergen’s ProteinChip Software
3.2.0. Peak clustering was performed using the Biomarker
Wizard software (Ciphergen Biosystems) with the follow-
ing specific settings: signal/noise (first pass): 5, minimum
peak threshold: 20%, mass error: 0.3%, and signal/noise
(second pass): 2. The samples were analyzed for peaks only
within the range of 2-30 kDa. To characterize protein
peaks of potential interest, serum profiling of patients with
LSCC and normal control were compared.

Peak mass and intensity were exported to an excel file,
then transferred to BPS. The classification model was built
up with BPS. A classification tree was set up to divide the
training dataset into either the cancer group or the control
group through multiple rounds of decision-making. When
the dataset was first transferred to BPS, the dataset formed
a “root node”. The software tried to find the best peak to
separate this dataset into two “child nodes” based on peak
intensity. To achieve this, the software would identify the
best peak and set a peak intensity threshold. If the peak
intensity of a blind sample was lower than or equal to the
threshold, this peak would go to the left-side child node.
Otherwise, the peak would go to the right-side child node.
The process would go on for each child node until a blind
sample entered a terminal node, either labeled as cancer or
control. Peaks selected by the process to form the model
were the ones that yielded the least classification error
when these peaks were combined to be used. The double-
blind sample dataset was used to challenge the model.
Peaks from the blind dataset were selected with Biomarker
Wizard feature of the Software, following the exact condi-
tions under which peaks from the training dataset were
selected. The peak intensities were then transferred to BPS,
and each sample was identified as either control or cancer
based on the model. The results were compared to clinical
data for model evaluation. To characterize the protein peaks
of potential interest, serum profiling of patients with LSCC
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and normal control were compared. Mean peak intensity of
each protein was calculated and compared (nonparametric
test) in each group of serum samples.

Statistical analysis

Sensitivity was calculated as the ratio of the number of cor-
rectly classified diseased samples to the total number of dis-
eased samples. Specificity was calculated as the ratio of the
number of negative samples correctly classified to the total
number of true negative samples.

Results
Serum protein biomarkers of LSCC

Two hundred and fifty serum samples were assayed by
SELDI mass spectrometry. One hundred and fifty four sam-
ples (65 controls and 89 LSCC at stages I-II) were randomly
selected to form the training set and 98 samples (45 controls
and 53 cancers at stages III-1V) to form the blinded test set for
the algorithm. WCX2 proteinchip could effectively resolve
low-mass (<100 kDa) protein peaks. Peak labeling was per-
formed with Biomarker Wizard Software. Because the major-
ity of the peaks detected were in the range from 2 to 30 kDa,
we use the peaks in this mass range as predictors, a total of 98
protein clusters were generated. Comparing peak intensities of
serum of patients suffering from LSCC with normal control,
mean intensity differed significantly for 18 peaks; 5 of them
were significantly higher in the group of patients with LSCC
(group C), whereas the other 13 peaks were higher in the
group of normal controls (group N). The mean value of ampli-
tude of these peaks for the two groups of patients is given in
Table 2. Their mass spectra and gray-scale/gel views are
shown in Figs. 1, 2, and 3. Therefore, the variations that
consistently differentiate these two different groups could be
considered as potential disease biomarkers (Fig. 4).

Decision tree model of LSCC

The intensities of these peaks were transferred to BPS to
build a classification model. Excitingly, only one peak
(4,176 Da) detected on the WCX2 chip was selected by the
BPS algorithm to discriminate cancer from the normal
groups. Figure 3 is the decision tree that was generated
from the learning set to classify the two groups. The peak
has significantly different intensity levels between the can-
cer and normal controls. Based on the model, peak 4176
was the most important peak. If the intensity of peak 4176
was lower than or equal to 0.42, samples were allocated to
terminal node 1, which was a class O (cancer) node. If the
intensity of the peak 4176 was higher than 0.42, samples
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Table 2 Protein peaks differentially expressed in Iscc, premalignent
disease and normal control serum detected on WAX2 chip

M/Z (Da) LSCC/control Intensity Intensity
P value LSCC normal

4,176.63 1.95 x 1078 042 £0.42 1.54 £ 1.08
4,286.48 3.91 x 1078 1.10 £ 0.53 2.09 + 0.84
4,477.00 928 x 078 2.38 £ 1.31 438 £1.28
3,160.81 46 %077 0.84 £ 0.50 1.68 £ 0.71
4,969.85 1.68 x 073 1374+ 1.28 242+ 1.21
4,094.43 538 x 07 6.04 £+ 3.32 9.26 +3.22
4,119.04 228 x 07* 0.88 £ 0.60 1.36 £ 0.61
7,774.24 2.83 x 07* 1.64 £ 1.07 2.76 £ 1.32
5,341.96 414 x 074 2.57 £2.36 4.04 £2.14
3,665.76 241 x 1073 142 +£0.94 0.77 £ 0.55
2,409.96 0.014 0.32 £0.26 0.53 £0.63
8,060.37 0.019 0.58 £0.39 0.37 £0.26
5,912.73 0.022 4.84 +3.16 6.40 + 3.46
6,452.14 0.034 1.21 £0.77 1.56 £ 0.88
2,048.85 0.041 1.06 £ 1.14 1.37 £ 0.97
9,288.52 0.043 147 £1.21 2.16 £ 1.72
4,347.96 0.046 221+ 1.09 2.83+1.14
6,116.92 0.049 0.58 £0.53 0.87 £0.74

went to terminal node 2, which was a class 1 (normal) node.
When all the samples reached the terminal nodes through
this decision-making process, the model yielded a sensitiv-
ity of 86.52% (77/89) and a specificity of 84.62% (55/65)
(shown in Fig. 5). Based on the results of the test set, we
calculated the sensitivity of the SELDI protein biomarker in
the detection of LSCC patients in III-IV stages. Ninety-
eight serum samples (53 of cancer patients in III-IV stages
and 45 of controls) were randomly selected to perform the
double-blind test. The same set of peaks was selected, and
their peak intensities were transferred to BPS. When the
double-blind sample data set was used to challenge the
model, it predicted a sensitivity of 84.91% (45/53), and a
specificity of 82.22% (37/45). Classification tree analysis of
the LSCC training and test sets are shown in Table 3.

Lymph node metastasis-associated protein biomarkers

To characterize protein peaks of metastasis potential, serum
profiling of LSCC patients with lymph node metastasis
(pathologically confirmed n=30) and patients without
metastasis (stage I n =24 and stage II of glottic subtype
n=10) were compared. Fourteen potential biomarkers
could differentiate LSCC patients with lymph node metas-
tasis from patients without metastasis. The mean value of
amplitude of these peaks for the two groups of patients is
given in Table 4. The mass spectra and gray-scale/gel
views are shown in Fig. 4.
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Fig. 1 Spectra (top) and gel views (bottom) of the 4176 peaks
(arrows) detected on WAX2 chip. The peak appears to be downregu-
lated in the cancer (C1-C3) compared to the normal (N1-N3) groups
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Discussion

Currently, there are no satisfactory screening and early
diagnostic strategies for LSCC. Outpatient examination
techniques including fibreoptic laryngoscope can identify
laryngeal lesions but cannot provide any reliable informa-
tion on the severity of the underlying dysplasia or the exis-
tence of an underlying malignancy. The diagnosis of
primary laryngeal malignancy is therefore conventionally
based on obtaining a biopsy, which is invasive, requires a
general anesthetic, and may have a detrimental effect on the
patient’s voice. Obtaining a representative biopsy from a
suspicious lesion is often difficult and malignant lesions
may be missed due to sampling error. Therefore, repeated
or large biopsies need to be taken to ascertain correct diag-
nosis, which increases the suffering of patients. The diagno-
sis of recurrent laryngeal lesions is equally difficult, as the
appearance of the vocal fold has already been altered fol-
lowing treatment (radiotherapy or surgery) making the
identification of early recurrence a challenging task.
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Fig. 2 Spectra (top) and gel views (bottom) of the 3,160 peaks
(arrows) detected on WAX chip. The peak appears to be downregu-
lated in the cancer (C1-C3) compared to the normal (N1-N3) groups

SELDI is a high throughput technique used to generate
protein expression profiles which, in combination with bioin-
formatics tools to extract information for biomarker discov-
ery, has been essential in identifying novel protein
biomarkers. Using this approach, and comparing samples in
stages I-II with normal control, we found that 18 protein
peaks with high statistical significance were differentially
expressed in LSCC compared with control sera. These
results are promising in terms of identification of new bio-
markers of LSCC using proteomic profiling. Proteomic stud-
ies of LSCC are still scarce. Recently, Xiao etal. (2004)
reported that a proteomic panel consisting of 16 protein
peaks yielded a sensitivity of 93.3% and specificity of 96.7%
in distinguishing LSCC from healthy controls. This study
was, however, based on only 33 tumor samples and had no
blind test. In the present study, we examined 142 serum sam-
ples from LSCC and 110 from healthy controls using the
SELDI technique with the WCX2 proteinchip. The classifi-
cation tree was constructed to distinguish LSCC from healthy
individuals using only one protein peaks at 4,176 Da as a
marker. When the model was tested with the blinded test set,
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Fig. 3 Spectra (top) and gel views (bottom) of the 3,665 peaks
(arrows) detected on WAX chip. The peak appears to be upregulated
in the cancer (C1-C3) compared to the normal (N1-N3) groups

it yielded a sensitivity of 84.91%, and specificity of 82.22%.
So the peak has prominent clinical significance and has great
potential to be used in clinical diagnosis and detection. Com-
pared with the study, it has to be emphasized that only five of
our peaks (m/z 3,884, 5,243, 5,335, 5,905, 6,114 Da ) were
also profiled by Xiao although the same ProteinChip
(WCX2) was used. It is possible that different experimental
procedures and different sample handling and preparation
used in these two workshops influenced the results.

Protein profiles of 30 LSCC patients with lymph node
metastasis were compared to that of 34 LSCC patients at
stage I and a small part of stage II glottic subtype which has
no lymph node metastasis. Results showed 14 differentially
expressed metastasis-associated biomarkers of LSCC.
These biomarkers will provide a potential diagnostic plat-
form for identification of lymph node metastasis in LSCC
patients. Due to the relatively fewer samples of LSCC
patients with lymph node metastasis, our results require
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Fig. 4 Spectra (top) and gel views (bottom) of thel3,794 peaks
(arrows) detected on WAX2 chip. The peak appears to be downregu-
lated in the cancer with lymph node metastasis (CN1-CN3) compared
to the cancer without lymph node metastasis (CNO1-CNO3) groups

more samples to broaden and improve its diagnostic value.
We hope that, with much larger dataset our results will be
confirmed or improved, these biomarkers will provide reli-
able parameters to identify high risk patients to decide on
the necessity of elective treatment and avoid the under or
over-treatment of NO neck. Till now, little study on serum
proteomic changes about lymph node metastasis was
reported. Wu et al. (2002) performed two-dimensional elec-
trophoresis (2-DE) and SELDI ProteinChip technology to
identify proteins differentially expressed in two head and
neck squamous cell lines, UMSCC10A (from the primary
tumor) and UMSCC10B (from a metastatic lymph node).
The results showed that enolase-alpha, annexin-I and
annexin-II might be the important molecules in head and
neck cancer invasion and metastasis. The results also sug-
gest an important complementary role for proteomics in
identification of molecular abnormalities, important in
cancer development and progression.
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Fig. 5 BPS decision tree model. The decision tree detailed the deci-
sion-making procedure and sample distribution of the BPS model.
Each ellipse is a node, which was labeled by a node number. How to
name the node depends on whether the majority of samples in the node
belong to control or patient

Table 3 Classification tree analysis of the LSCC training and test sets

Group Percentage Percentage
correct misclassified
Training set  Normal (n =65) 84.52% (55/65)  15.38% (10/65)
LSCC (n=89) 86.52% (77/89)  13.48% (12/89)
Test set Normal (n =45) 82.22% (37/45)  17.78% (8/45)
LSCC (n=53) 84.91% (45/53)  15.09% (8/53)
fally oxpreved in o with | MZO Metano
metastasis versus Iscc without meta P value
zrlllei;astasm detected on WAX2 254821 1.0077
4,708.77 0.0077
2,905.66 0.011
6,458.28 0.011
4,504.86 0.012
9,430.74 0.013
4,093.29 0.014
3,814.98 0.015
2,056.06 0.016
3,474.39 0.018
4,961.30 0.022
4,228.76 0.029
13,794.29 0.033
2,239.56 0.041

Efforts are under way to purify, identify, and character-
ize these protein/peptide biomarkers. Knowing their identi-
ties for the purpose of differential diagnosis is not required.
However, knowing their exact identities will be essential
for understanding what biological role these peptide/

proteins may have in the oncogenesis and metastasis of
LSCC, potentially leading to novel therapeutic targets. Fur-
thermore, once these molecules are identified, they can be
used to develop antibody-based diagnosis assays. Paradis
et al. (2005) used this approach to identify new biomarkers
of hepatocellular carcinoma in the sera of patients, and
identified an 8,900 Da peak corresponding to part of the
carboxyterminal fragment of vitronectin that may have
relation with invasive process. Ultimately, it is hoped that
continued identification and characterization of these differ-
entially expressed proteins should enable investigators to
develop novel diagnostic and therapeutic modalities in can-
cer research. However, this is just a preliminary study, it is
clear that the technology must be additionally tested to
ensure that high specificity persists as the test sets increase
in size. If validated with more samples, in a planned multi-
institutional investigation, this approach may provide an
innovative test of significant benefit for clinicians treating
LSCC.

There are also several potential technical limits of
SELDI-TOF MS technique. Because of the differences that
existed between different workshops and different investi-
gators, clinical use at the moment should not be warranted.
Potential improvement to this approach is urgently needed.
Experimental procedures and quality control for the SELDI
test should be well-standardized, optimal sample handling
and preparation should be united among investigators and
serum biomarkers should be validated in larger studies of
samples worldwide (Diamandis 2003). It is equally impor-
tant that there should be a good cooperation and data
exchange between different clinical centers. Recently,
SELDI-TOF MS has been successfully used at six separate
institutions to reproducibly generate identical protein pro-
filing spectra for quality control sera, and correctly distin-
guish healthy from prostate cancer subjects based on serum
protein profiles (Semmes et al. 2005). So it is promising
that this approach would be used in clinical analysis in the
future.

In conclusion, SELDI-TOF, a new and highly effective
proteomic discovery technology has already demonstrated
its potential to enhance our understanding of many cancers
and should lead to the successful clinical exploitation of
new biomarkers. In addition, through the application of this
technology, we identified protein expression changes in
LSCC patients. This differential expression of proteins
among cancer cells when compared to populations of nor-
mal and LSCC reveals the utility of SELDI in providing a
protein profile of the changes that occur from normal to
malignant and to lymph node metastasis.
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