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ABSTRACT
The importance of stromal cells and the factors that they expressed during cancer initiation and progression have been highlighted by recent

literature. To identify the stromal proteins involved in nasopharyngeal carcinoma (NPC) carcinogenesis, we assessed differences in protein

expression of the stroma from NPC and normal nasopharyngeal epithelium tissues (NNET) using a quantitative proteomic approach combined

with laser capture microdissection (LCM). LCM was performed to purify stromal cells from the NPC and NNET, respectively. The differential

proteins between the pooled microdissected tumor and normal stroma were analyzed by two-dimensional difference gel electrophoresis

(2D-DIGE) combined with mass spectrometry (MS). Twenty differential proteins were identified, and the expression and location of two

differential proteins (L-plastin and S100A9) were further confirmed by Western blotting and immunohistochemical analysis. Our results will

be helpful to study the role of stroma in the NPC carcinogenesis, as well as discover the interaction between NPC cells and their surrounding

microenvironment. J. Cell. Biochem. 106: 570–579, 2009. � 2009 Wiley-Liss, Inc.
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C arcinomas in general are composed of two interdependent

components: the neoplastic epithelial cells and the support-

ing tumor stroma (TS). The latter plays an important role in pivotal

processes such as tumor proliferation, vascularization, invasion, and

metastasis [Wernert, 1997; Liotta and Kohn, 2001; Wernert et al.,

2001]. Cancer cells, stromal cell compartment, and the extracellular

matrix (ECM) generate a multifaceted tumor microenvironment

[Cruz-Munoz et al., 2006]. The distinct molecular ‘‘cross-talk’’

between cancer cells and surrounding host cells is currently being

examined in a number of settings [Liotta and Kohn, 2001]. Such
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signaling can result in modification of the microenvironment by the

tumor cells themselves, in order to facilitate tumor invasion and

progression. Host stromal cells may also influence tumor behavior

[Muerkoster et al., 2004; Ohuchida et al., 2004] and stimulate

tumor proliferation [Olumi et al., 1999]. In addition to influencing

tumor behavior, specific stromal components have also emerged

as markers of poor survival in cancer patients [Bingle et al., 2002;

Koukourakis et al., 2003]. In recent years, there have been numerous

reports demonstrating that growth and progression of tumor cells

depend not only on their malignant potential but also on stromal
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factors present in the tumor microenvironment, the insoluble ECM

and cell–cell interactions [Coussens and Werb, 2001; Fidler, 2001;

Liotta and Kohn, 2001; Silberstein, 2001; Wiseman and Werb,

2002; Barcellos-Hoff and Medina, 2005]. It is now recognized that

a specific environment is necessary for the development and

progression of tumors, and cancer may be a physiological response

to an abnormal stromal environment [Barcellos-Hoff, 1998; Tlsty,

1998; Bissell and Radisky, 2001].

Nasopharyngeal carcinoma (NPC) is a human epithelial tumor

with a high prevalence in the southern Chinese population and a

high incidence of metastasis [Chang, 1992]. In addition to its rapid

growth behavior, NPC has a great tendency to invade adjacent

regions and metastasize to regional lymph node and distant organs.

NPC is often locally advanced or already has spread to lymph nodes

at time of diagnosis [Vokes et al., 1997]. Etiologic studies indicated

that EBV infection, dietary exposure to carcinogens, and genetic

susceptibility are associated with NPC [Raab-Traub, 2002; Xiong

et al., 2004]. With the advances of molecular biology in the past

decades, a lot of NPC-related molecules have been reported [Hui

et al., 2005; Yau et al., 2006]. However, the molecular mechanism of

NPC pathogenesis is still unclear. The stroma surrounding tumor

cells actively interacts with the neoplastic cells, and regulates their

behavior and malignant potential [Kalluri and Zeisberg, 2006]. NPC

is also described as a lymphoepithelioma [Shanmugaratnam et al.,

1979; Taxy et al., 1985] because of a characteristic heavy lymphoid

infiltrate, indicating that the stroma, especially lymphoid infiltrate,

may play an important role in NPC carcinogenesis. Using stroma as a

sample may be an alterative way to study NPC carcinogenesis.

Proteomics has been introduced as a new approach to cancer

research and is currently considered to be a powerful tool for global

evaluation of protein expression, providing new opportunities to

screen for NPC stroma-related proteins. However, there has been no

report of proteomic research on the NPC stroma.

Two-dimensional difference gel electrophoresis (2D-DIGE) is one

of the approaches used for quantitative proteomics with great

sensitivity and accuracy of quantitation. Using the 2D-DIGE

approach, different samples pre-labeled with mass and charge

matched fluorescent cyanine dyes are co-separated in the same 2-D

gel, and an internal standard is used in every gel, overcoming the

problem of intergel variation. In addition, this method reduces the

number of gels needed for each experiment. Therefore, 2D-DIGE is

able to efficiently provide the accurate and reproducible differential

expression values for proteins in two or more biological samples

[Friedman et al., 2004; Van den Bergh and Arckens, 2004; Kakisaka

et al., 2007]. Proteomic analysis of clinical tissue samples may

be the most direct and persuasive way to identify TS-related

proteins. A major obstacle, however, to analyze tissue specimens

is tissue heterogeneity. Laser capture microdissection (LCM) has

been well established as a tool for purifying stromal cells from

tissues, overcoming the problem of tissue heterogeneity and cell

contamination.

To isolate NPC stroma-specific proteins, LCM was used to purify

stromal cells from NPC and NNET, 2D-DIGE, and mass spectrometry

(MS) were applied to identify the differential proteins in the NPC

and normal stroma (NS), and the expression and location of

two differential proteins (L-plastin and S100A9) were selectively
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confirmed by Western blotting and immunohistochemical analysis.

To the best of our knowledge, it is the first time to analyze

differential expression of proteins in tumor and NS by proteomic

analysis. Our study may shed light on the role of NPC stromal cells

and the interaction between NPC cells and their surrounding

microenvironment.

MATERIALS AND METHODS

TISSUE COLLECTION

For 2D-DIGE and Western blotting, 42 fresh NPC tissues and 42 fresh

normal nasopharyngeal epithelium tissues (NNET) from healthy

individuals were obtained from the First Xiangya Hospital of

Central South University, China at the time of diagnosis before any

therapy with an informed consent. All samples were verified by

histopathology before LCM. Among of these tissues, 30 cases were

used for 2-D DIGE and 12 cases for Western blotting, respectively.

Another group of formalin-fixed and paraffin-embedded tissues

including 30 cases of NNET and 66 cases of primary NPC (54 males

and 12 females, age 27–78 years, average 48� 9 years, TNM staging

from II to IV) were obtained from the First Xiangya Hospital of

Central South University, China, according to institutional regula-

tions, and used for immunohistochemistry. According to the 1978

WHO classification [Shanmugaratnam and Sobin, 1993], 66 cases of

primary NPC were histopathologically diagnosed as differentiated

nonkeratinizing squamous cell carcinoma (WHO type II, moderately

differentiated, 12 cases), and undifferentiated carcinoma (WHO type

III, poorly differentiated, 54 cases).

LCM

LCM was performed with a Leica AS LMD system (Leica) as described

previously [Cheng et al., 2008a]. Frozen sections (8 mm) from each

NPC and NNET were prepared using a Leica CM 1900 cryostat (Leica)

at �258C. The sections were placed on a membrane-coated

glass slides (Leica), fixed in 75% alcohol for 30 s, and stained

with 0.5% violet-free methyl green (Sigma). The stained sections

were air-dried and then subjected to LCM. Each cell population was

determined to be 95% homogeneous by microscopic visualization of

the captured cells (Fig. 1). As biopsy tissue specimens from one

patient were too small to microdissect enough stromal cells for one

time 2D-DIGE, pooled microdissected stromal cells from 10 NPC or

NNET were used for each 2D-DIGE.

SAMPLE PREPARATION AND PROTEIN LABELING

After bleached with 70% chilled alcohol, the microdissected cells

were dissolved in lysis buffer [30 mM Tris–Cl, 7 M urea, 2 M

thiourea, 4% (w/v) CHAPS, pH 8.5, protease inhibitor cocktail] on

ice for 1 h with sonicated intermittently, and then centrifuged at

12,000 rpm for 30 min at 48C. The supernatant was collected and

adjusted pH to 8.5 by 50 mM NaOH. The concentration of the total

proteins was determined by 2-D Quantification kit (Amersham

Biosciences). Equal amount proteins from all six sets samples were

pooled together as the internal standard. The proteins were labeled

with fluorescent cyanine dyes developed for 2D-DIGE (Amersham

Biosciences) following the manufacturer’s directions. The three NS

sets and three TS sets were randomly labeled with Cy3 or Cy5, while
ANALYSIS OF STROMA OF NPC 571



Fig. 1. LCM of tissues. NNET tissue before (A) and after (B) LCM, and captured normal stroma (C); NPC tissue before (D) and after (E) LCM, and captured tumor stroma (F).
internal standards were labeled with Cy2 using 400 pmol

fluorochrome per 50 mg protein. Labeling reactions were conducted

on ice in the dark for 30 min, and then quenched with 1 ml of 10 mM

lysine (Sigma) for 10 min.

2D-DIGE

Fifty micrograms of Cy3- and Cy5-labeled samples from each set of

NS group and TS group were combined before mixed with 50 mg

Cy2-labeled internal standards. Equal volume of 2� sample buffer

(8 M urea, 2 M thiourea, 4% CHAPS, 2% Bio-lyte, pH 4–7, 130 mM

DTT) was added to the sample, and the total volume was made up to

450 ml with rehydration buffer (8 M urea, 4% CHAPS, 1% Bio-lyte,

pH 4–7, 13 mM DTT). The proteins were applied to IPG strips (pH 4–7

NL, 24 cm) and focused on an IPGphor (Amersham Biosciences).

Focused IPG strips were equilibrated, and then applied to 12% SDS

polyacrylamide gels using low-fluorescence glass plates on Ettan

DALT II system (Amersham Biosciences). All electrophoresis

procedures were performed in the dark. The biological triplicate

NS and TS sets and the internal standard were run on three gels as

analytic gels. In addition, we performed another strip in parallel as a

preparative gel for spots pickings as described in 2D-DIGE, except

that the IPG strip was loaded with 1,000 mg proteins, and the gel was

stained with Coomassie brilliant blue. After SDS–PAGE, the three

analytic gels were scanned on the Typhoon 9410 scanner (GE

Healthcare) at appropriate excitation/emission wavelengths specific

for Cy2 (488/520 nm), Cy3 (532/580 nm), and Cy5 (633/670 nm) to

generate nine protein spot maps.

IMAGING ANALYSIS

DeCyder 5.0 software (GE Healthcare) was used for 2D-DIGE analysis

according to the manufacturer’s recommendations. The DeCyder

differential in-gel analysis (DIA) module was used for pair-wise

comparisons of each NS and TS sample to the internal standard in

each gel. The DeCyder biological variation analysis (BVA) module

was then used to simultaneously match all nine protein-spot maps,

and using the Cy3/Cy2 and Cy5/Cy2 DIA ratios calculate average

abundance changes and paired Student’s t-test P-values for the

variance of these ratios for each protein pair across all samples.
572 ANALYSIS OF STROMA OF NPC
The differential protein spots (jratiojTS/NS� 1.5, P� 0.05) which

were altered consistently in all nine protein-spot maps were selected

for identification.

PROTEIN IDENTIFICATION BY MS

Protein spots of interest were excised from the preparative gel using

punch, and in-gel trypsin digestion was performed as previously

described [Yang et al., 2006]. The peptide was mixed with a CCA

matrix solution. Mixture (1 ml) was analyzed with a Voyager System

DE-STR 4307 MALDI-TOF Mass Spectrometer (MS) (ABI, Foster City,

CA) to get a peptide mass fingerprint (PMF). In PMF, map database

searching, MASCOT Distiller was used to obtain the monoisotopic

peak list from the raw MS files. Peptide matching and protein

searches against the NCBInr database were performed using the

MASCOT search engine (http://www.matrixscience.com/) with a

mass tolerance of �50 ppm. Protein spots not identified or identified

to be mixture by MALDI-TOF were subjected to analysis of ESI-Q-

TOF MS (Micromass; Waters, Manchester, UK). Briefly, the samples

were loaded on to a pre-column (320 mm� 50 mm, 5 mm C18 silica

beads, Waters) at 30 ml/min flow rates for concentrations and fast

desalting through a Waters CapLC autosampler, and then eluted to

the reversed-phase column (75 mm� 150 mm, 5 mm, 100 Å, LC

Packing) at a flow rate of 200 nl/min after flow splitting for

separation. MS/MS spectra were performed in data-depended mode

in which up to four precursor ions above an intensity threshold of

7 counts/seconds (cps) were selected for MS/MS analysis from each

survey ‘‘scan.’’ In MS/MS data database query, the peptide sequence

tag (PKL) format file that generated from MS/MS was imported into

the MASCOT search engine with an MS/MS tolerance of �0.3 Da to

search the NCBInr database.

WESTERN BLOTTING

Proteins from 12 pairs of microdissected stroma of fresh NPC and

NNET were used for Western blotting as previously described by us

[Yang et al., 2006]. Briefly, 40 mg of purified protein from each

microdissected NS and TS were separated by 10% SDS–PAGE, and

transferred to PVDF membrane (Bio-Rad). The blots were incubated

for 2 h at room temperature in TBST (20 mM Tris–Cl, 140 mM NaCl,
JOURNAL OF CELLULAR BIOCHEMISTRY



pH 7.5, 0.05% Tween-20) containing 5% skim milk, and then were

incubated with monoclonal mouse anti-L-plastin (dilution 1:800,

Abcam) or monoclonal mouse anti-S100A9 (dilution 1:500, Santa

Cruze Biotechnology) overnight at 48C. After washing three times in

TBST, membranes were incubated with a horseradish peroxidase-

conjugated secondary antibody (dilution 1:2,000, Amersham

Biosciences) for 1 h at room temperature. The blots were developed

using ECL detection reagent, and quantitated by densitometry

using ImageQuant image analysis system (Storm Optical Scanner).

The mouse anti-b-actin (dilution 1:5,000, Sigma) was detected

simultaneously as a loading control.

IMMUNOHISTOCHEMISTRY

Immunohistochemistry was done on paraffin-embedded specimens

with anti-L-plastin (dilution 1:400) and anti-S100A9 (dilution

1:200) using the standard immunohistochemical technique. Briefly,

paraffin sections (4 mm) were deparaffinized with xylene and

rehydrated in a graded ethanol series, and treated with an antigen

retrieval solution (10 mmol/L sodium citrate buffer, pH 6.0).

Endogenous peroxidase activity was blocked with 3% hydrogen

peroxide for 10 min at room temperature. Nonspecific binding was

blocked with 1% normal serum in PBS for 10 min. The slides were

incubated overnight at 48C with either monoclonal mouse anti-L-

plastin antibody (Abcam) or monoclonal mouse anti-s100A9

antibody (Santa Cruze Biotechnology), then were incubated with

secondary antibody followed by avidin–biotin peroxidase complex
Fig. 2. Comparative proteomic analysis of the stroma of NPC and NNET tissue by 2D-D

and normal stroma. The proteins are labeled with either Cy3 (green, normal stroma) or

(pH 4–7). B: The differential protein spots detected by Decyder software, red circles indica

a close-up of the region of 2D-DIGE gel images showing the significant down-expressio

dimensional simulation of protein spot 4; right, the associated graph view of spot 4 indi

with DeCyder 5.0 software which allows the detection of significant abundance changes,

the significant upexpression of protein spot 33 in tumor stroma compared with norm

associated graph view of spot 33, P-value is 0041.
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(DAKO) according to the manufacturer’s instructions. Finally,

immunoreactivity was visualized using 30, 30-diaminobenzidine

tetrachloride (DAB) (Sigma–Aldrich), and counterstained with

hematoxylin. In negative controls, primary antibodies were replaced

by PBS. Immunostaining was blindly evaluated by two independent

experienced pathologists in an effort to provide a consensus on

staining patterns. For L-plastin and S100A9, the numbers of positive

cells per core were counted at a magnification of 40�.

STATISTICAL ANALYSIS

Statistical analysis was done using SPSS software (version 13.0).

To evaluate the extent of S100A9 and L-plastin expression in NPC and

NNET stroma, the number of positively stained cells in each specimen

core was determined and the mean number of positive cells per

duplicate patient core calculated. For the purpose of analysis, samples

were categorized into two groups: those with S100A9-positive cell

counts>median (high S100A9) and those with S100A9-positive cell

counts�median (low S100A9). Groups were similarly established

for high and low L-plastin. Continuous variables were compared

using the Mann–Whitney test. Significant differences between the

expression of those two proteins and clinicopathologic factors,

including age, gender, histologic type/grade (WHO), primary tumor

(T) stage, and regional lymph node (N) metastasis were compared by

the Mann–Whitney test or Kruskal–Wallis H test. Results were

considered to be significant for P-values <0.05.
IGE. A: Representative two-color merged 2D-DIGE gel images of microdissected tumor

Cy5 (red, tumor stroma) and subjected to 2D-DIGE using immobiline Dry IPG strips

te up-regulated proteins and blue circles indicate down-regulated proteins. C: Left top,

n of protein spot 4 in tumor stroma compared with normal stroma; left bottom, three-

cated the average ratio of expression for spot 4, as obtained by computational analysis

P-value is 0.0004; D: left top, a close-up of the region of 2D-DIGE gel images showing

al stroma; left bottom, three-dimensional simulation of protein spot 33; right, the
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RESULTS

DETECTION OF DIFFERENTIAL PROTEINS IN THE STROMA OF NPC

AND NNET BY 2D-DIGE

Protein expression was compared between NPC and NS using 2D-DIGE

with a mixed-sample internal standard. The interchangeable use of

either Cy3 or Cy5 for either pooled set has already been established.

After 2D-DIGE, the Cy2, Cy3, and Cy5 channels of each gel were

individually imaged and the images were analyzed using DeCyder

5.0 software. Averages of 1,789� 120 protein spots were detected
Fig. 3. MALDI-TOF MS and ESI-Q-TOF MS analysis of differential protein spots 33 and

matched peaks was shown. B: Protein sequence of S100A9 was shown, and matched pep

sequence of a doubly charged peptide with m/z 801.4439 was identified as LVDQNIFSF

473–488 of L-plastin was shown. D: Protein sequence of L-plastin was shown, and m
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across all three 2D-DIGE gels. A two-color merged representative gel

image is shown in Figure 2A (Cy3: NS, and Cy5: TS) indicating those

proteins which expression levels changed consistently between the

two biological samples. Thirty-four protein spots were differentially

expressed (jratiojTS/NS� 1.5, P< 0.05) in all nine protein-spot maps

(Fig. 2B). A close-up of the region of 2D-DIGE gel images, three-

dimensional simulation, and the associated graph views of standar-

dized log abundances of spots 4 and 33 were showed in Figure 2C,D.

Spot 4 was significantly down-regulated (P¼ 0.0004) while spot 33

was significantly up-regulated (P¼ 0.0041) in TS compared with NS.
4. A: MALDI-TOF MS mass spectrum of spot 33 identified as S100A9 according to the

tides were underlined. C: ESI-Q-TOF MS sequenced spectrum of spot 4, the amino acid

YLSR from mass differences in the y-fragment ions series, and matched with residues

atched peptides were underlined.
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IDENTIFICATION OF DIFFERENTIAL PROTEINS BY MS

All of 34 differential protein spots were excised from the stained

preparative gels, in situ digested with trypsin, and analyzed by

MALDI-TOF MS and/or ESI-Q-TOF MS. A total of 20 differential

proteins were identified. The MALDI-TOF MS map and database

query result of a representative spot 33, and the ESI-Q-TOF MS map

and database query result of a representative spot 4 are shown in

Figure 3. A total of 30 monoisotopic peaks were input into MASCOT

search engine to search the NCBInr database, and the query result

showed that protein spot 33 was S100A9 (Fig. 3A,B). The MS/MS

results of spot 4 are shown in Figure 3C,D. The amino acid sequence

of a doubly charged peptide from spot 4 with m/z 838.3755 was

identified as FSLVGIGGQDLNEGNR, which was a part of L-plastin

sequence, and the query result indicated that protein spot 4 was

L-plastin. The annotation of all the identified proteins is summarized

in Table I. Proteins with higher abundance in TS compared to NS

included periostin, s100A9, CapG, PYCARD, etc., while proteins with

lower levels included L-plastin, Rho-GDI-b, B23, hnRNP K, etc.

Based on the Human Protein Reference Database [Peri et al., 2003]

(http://www.hprd.org/) recommendations, the 20 identified proteins

are involved in signal transduction and cell communication, cell

growth and/or maintenance, protein metabolism, energy pathways,

transport, apoptosis, etc.
TABLE I. Differential Proteins Identified by MS After 2D-DIGE of the

Spot
numbersa Protein name

Accessio
no.

1 BiP protein gij6470150
2 GRP78 precursor gij386758
3 L-plastin isoform 3 gij11465152

Heat shock 70 kDa protein 8 isoform 1 gij5729877
4 L-plastin isoform 3 gij11465152
5 Heat shock 70 kDa protein 8 isoform 1 gij5729877
6 L-plastin variant gij62898171
7 Transformation up-regulated nuclear protein gij460789
8 Prolyl 4-hydroxylase gij20070125
9 Prolyl 4-hydroxylase gij20070125

10 Periostin, osteoblast specific factor gij5453834
11 Not determined
12 Not determined
13 Protein disulfide isomerase gij1710248
14 Heterogeneous nuclear ribonucleoprotein H1 gij5031753
15 Cytokeratin-1 gij1346343
16 Ribosomal protein SA, isoform CRA_c gij11958499
17 Cytokeratin-1 gij1346343
18 Cytokeratin-19 gij90111766
19 Gelsolin-like capping protein isoform 9 gij55597035
20 Gelsolin-like capping protein isoform 9 gij55597035
21 C protein gij306875
22 Nucleolar phosphoprotein B23 gij190238
23 Heterogeneous nuclear ribonucleoprotein A2/B1 gij73976124
24 Rho GDP dissociation inhibitor (GDI) beta gij56676393
25 PYCARD protein gij48257192
26 Proapolipoprotein gij178775
27 Chain A, crystal structure of lipid-free human

apolipoprotein A-I
gij90108664

28 Not determined
29 Nm23 protein gij35068
30 Not determined
31 Superoxide dismutase [Cu-Zn] gij31615344
32 Not determined
33 Mrp14 (migration inhibitory factor-related protein 14)

(S100A9)
gij20150229

34 Not determined

aSpot numbers refer to those in Figure 2B.
bAv. ratio: tumor stroma/normal stroma.
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VALIDATION OF L-PLASTIN AND S100A9 EXPRESSION

BY WESTERN BLOTTING

Western blotting was done to confirm differential expression of

L-plastin and S100A9 in the 12 pairs of the microdissected stroma of

NPC and NNET. Equal protein loading was proved by the parallel

Western blotting of b-actin. As shown in Figure 4A,B, S100A9

was significantly up-regulated, whereas L-plastin was significantly

down-regulated in the TS compared to NS (P< 0.01), which was

consistent with the 2D-DIGE results and proved the credibility of

2D-DIGE analysis.

DETECTION OF THE EXPRESSION AND LOCATION OF L-PLASTIN

AND S100A9 IN NPC AND NNET BY IMMUNOHISTOCHEMISTRY

To confirm the expression and location of L-plastin and S100A9,

we further detected the expression of the two proteins using

immunohistochemistry in 66 cases of primary NPC and 30 cases of

NNET. Strong L-plastin immunostaining was readily detected in the

lymphocyte cells of the NS (Fig. 5A1), whereas very weak staining

was detectable in those of the TS (Fig. 5A2). Distinct S100A9

immunostaining was evident in inflammatory cells in the stromal

component of all tumors (Fig. 5B2). Some tumors contained a

limited number of S100A9-positive inflammatory cells (data not

shown), while others displayed a high density of S100A9-positive
Tumor Stroma Versus Normal Stroma

n
Mass pI

MASCOT
score

Method of
identification

Sequence
coverage

(%)
Av.

ratiob

71,002 5.23 83 MALDI-TOF 68 1.71
72,185 5.03 671 Both 71 1.59

3 70,815 5.2 355 ESI-Q-TOF MS 59 �1.56
71,082 5.37 139 ESI-Q-TOF MS 29 �1.56

3 70,815 5.2 390 ESI-Q-TOF MS 63 �2.34
71,082 5.37 155 ESI-Q-TOF MS 29 �1.56
70,785 5.2 203 ESI-Q-TOF MS 58 �2.02
51,325 5.13 377 ESI-Q-TOF MS 54 �1.52
57,480 4.76 639 ESI-Q-TOF MS 34 2.03
57,480 4.76 87 MALDI-TOF 34 2.03
93,901 7.57 93 MALDI-TOF 63 2.38

Both �2.74
Both 1.81

46,512 4.95 124 MALDI-TOF 33 1.81
49,484 5.89 146 MALDI-TOF 27 �2.59
66,149 8.16 134 MALDI-TOF 25 1.55

1 19,853 8.37 92 MALDI-TOF 55 1.66
66,149 8.16 235 ESI-Q-TOF MS 25 1.55
44,065 5.04 240 ESI-Q-TOF MS 21 �1.61
38,779 5.88 72 MALDI-TOF 27 2.67
38,779 5.88 80 MALDI-TOF 52 2.67
32,004 5.10 178 MALDI-TOF 53 �2.19
9,246 9.72 73 MALDI-TOF 17 �1.52

32,524 8.74 67 MALDI-TOF 24 �1.61
23,031 5.10 202 MALDI-TOF 77 �2.61
21,326 5.67 107 MALDI-TOF 43 1.93
28,944 5.45 176 MALDI-TOF 54 1.67
28,061 5.27 85 MALDI-TOF 26 �1.63

Both �6.17
20,746 7.07 114 MALDI-TOF 25 1.99

Both 2.42
16,154 5.7 98 MALDI-TOF 68 �1.89

Both �1.81
13,159 5.71 106 MALDI-TOF 76 2.42

Both �1.51
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Fig. 4. Results of Western blotting of L-plastin and S100A9 in 12 pairs of

microdissected stroma from NNET and NPC tissue. A: Western blotting shows

changes in expression levels of L-plastin and S100A9 in tumor and normal

stroma, b-actin is used as the internal loading control. B: Histogram shows the

relative expression levels of L-plastin and S100A9 in 12 tumor stroma and 12

normal stroma as determined by densitometric analysis (P¼ 0.002).
cells infiltrating the tumor (Fig. 5B2). However, very weak staining

was detectable in those of NS (Fig. 5B1). Additionally, the two

proteins were not detected in the normal nasopharyngeal epithelial

cells and cancer cells (Fig. 5). Statistical analysis indicated L-plastin

significantly down-regulated in the TS versus NS, whereas S100A9

was significantly up-regulated in the TS versus NS (Table II,

P< 0.01). The immunohistochemical result confirmed the different

expression and stromal location of L-plastin and S100A9 in NPC and

NNET. The correlation of several clinicopathologic factors with L-

plastin and S100A9 expression status in 66 cases of primary NPC

was shown in Table II. Tumors with the down-regulation of L-plastin

tends to have a more advanced clinical stage and more poor

differentiation (WHO III) (P< 0.05 or 0.01; Table II). In contrast,

tumors with S100A9 up-regulation tends to have a more advanced

clinical stage, more poor differentiation (WHO III) and regional

lymph node metastasis (P< 0.05; Table II). The expression levels of

both proteins did not correlate with the patients’ age, gender,

primary tumor stage, and regional lymph node metastasis.

DISCUSSION

Nasopharyngeal carcinoma is a disease with remarkable racial and

geographic distribution, and it poses one of the most serious public
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health problems in southern China and Southeast Asia [Yu and

Yuan, 2002]. The molecular mechanism of NPC pathogenesis

remains to be elucidated. Our recent studies have identified certain

proteins differentially expressed between normal nasopharyngeal

epithelial and NPC cells, which might associate with the pathogen-

esis of NPC [Cheng et al., 2008a,b]. In current study, we screened for

differentially expressed proteins in the stromal cells of normal

human nasopharyngeal and NPC tissue by 2D-DIGE and MS. As a

result, 20 differential proteins were successfully identified in tumor

and NS, which are involved in a variety of biological processes, such

as signal transduction and cell communication, energy metabolism,

protein metabolism, cell growth and/or maintenance, immune

response, transport, and apoptosis (Table I). The clinicopathological

analysis by immunohistochemistry was performed to detect ex-

pression of the two proteins in NPC and NNET tissue specimens. The

data showed that expression levels of the two proteins were

significantly correlated with clinical stage and differentiation of

NPC.

Plastins belong to the family of actin-binding proteins which

exhibit a tissue-specific expression pattern. In mammals, there are

three plastin isoforms: T-plastin is expressed in the cells derived

from solid tissue, I-plastin is specifically expressed in the microvilli

of the small intestine and the kidney, and L-plastin expression is

found in the hematopoietic cell lineage. L-plastin has been proposed

to be involved in the control of cell adhesion and motility. A number

of experiments performed with macrophages and polymor-

phonuclear neutrophils (PMN) suggested a role for L-plastin in

regulating integrin-mediated adhesion [Wang et al., 2001]. Several

studies found that L-plastin could be detected in normal

myoepithelial cells of the mammary gland [Zheng et al., 1997;

Lapillonne et al., 2000]. In the present study, L-plastin was down-

regulated in the TS versus NS, highly expressed in the lymphocyte

cells of the NS. Although it is not yet fully elucidated, the role of

L-plastin in cancer-associated stroma is certainly an interesting issue

due to the highlighted significance of tumor–stromal interactions by

recent reports [Kenny and Bissell, 2003; Mueller and Fusenig, 2004].

Our study indicates the complex interaction between NPC cells and

the surrounding host tissue possibly through L-plastin.

S100A9 protein, a calcium-binding protein, was originally

discovered as an immunogenic protein expressed and secreted

by neutrophils [Arai et al., 1999; Donato, 1999; Heizmann et al.,

2002]. It regulated various calcium-mediated cellular functions such

as cell growth, differentiation, migration, and signal transduction,

and was associated with neoplastic disorders [Arai et al., 2004].

Subsequently, it emerged as an important proinflammatory

mediator in acute and chronic inflammation [Gebhardt et al.,

2006]. The protein had been implicated in a variety of chronic

inflammatory conditions such as cystic fibrosis, rheumatoid

arthritis, tuberculosis, and transplant rejection [Odink et al.,

1987; Nacken et al., 2003]. S100A9 often formed a stable hetero-

dimer complex with S100A8 (S100A8/A9) at sites of inflammation

[Nacken et al., 2003] and were highly chemotactic, contributing

to host inflammatory responses such as leukocyte trafficking,

adhesion, and migration [Nacken et al., 2003; Ryckman et al., 2004].

S100A9 is overexpressed in many human tumors and specifically

involved in tumor development or progression [Grote et al., 2006;
JOURNAL OF CELLULAR BIOCHEMISTRY



Fig. 5. Representative photographs of immunohistochemistry of L-plastin and S100A9 in the NNET and NPC specimens. A: Immunohistochemistry of L-plastin, strong staining

in the stroma of NNET (1), weak staining in the stroma of primary NPC (2), no staining was detectable in the nasopharyngeal epithelial cells and cancer cells;

B: Immunohistochemistry of S100A9, weak staining in the stroma of NNET (1), strong staining in the stroma of primary NPC (2), it was not detected in the nasopharyngeal

epithelial cells and cancer cells. Original magnification, 400�.

TABLE II. Relationships Between L-plastin, S100A9 Expression, and

Clinicopathologic Factors in NPC

Variables n

L-plastin S100A9

Low High P Low High P

Group 0.000
 0.000


NNET 30 7 23 25 5
NPC 66 57 9 15 51

Age 0.435 0.271
�50 31 27 4 6 25
50 35 30 5 9 26

Gender 0.278 0.168
Male 54 46 8 11 43
Female 12 11 1 4 8

Histology type (WHO) 0.015
 0.0005


WHO II 12 8 4 7 5
WHO III 54 49 5 8 46

Primary tumor (T) stage 0.430 0.449
T1 18 16 2 3 15
T2 23 19 4 6 17
T3 20 18 2 5 15
T4 5 4 1 1 4

Regional lymph
node (N) metastasis

0.233 0.011


N0 7 5 2 4 3
N1 11 8 3 5 6
N2 31 28 3 3 28
N3 17 16 1 3 14

Clinical stage 0.000
 0.005


II 7 2 5 5 2
III 38 36 2 6 32
IV 21 19 2 4 17


P< 0.05 or 0.01 by Mann–Whitney test or Kruskal–Wallis H test.
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Sheikh et al., 2007]. Hiratsuka et al. [2006] showed that the

expression of S100A8/S100A9 was induced in the lungs of mice

with distant primary tumors. This in turn attracted myeloid cells

to the lungs and ultimately supported the invasion of tumor

cells to this site. Their result further showed that factors such

as vascular endothelial growth factor-A and transforming

growth factor-beta (TGF-b) induced the expression of S100A9

and supported a role for the protein in the pre-metastatic phase

of cancer dissemination. Sheikh et al., [2007] reported that

the monocytes/immature macrophages (i.e., CD141/CD68�) were

strongly positive for S100A9, while strongly positive neutrophils

were also observed in blood vessels around the tumor. In our

study, S100A9 was up-regulated in the stromal myeloid cells, and

monocytes/macrophages of NPC, suggesting that S100A9 might

contribute to the host inflammation responses to the tumor.

Periostin, one of the up-regulated in the NPC stroma, was

frequently observed in the stroma of breast cancer and pancreatic

adenocarcinoma, and was related to cancer invasion and metastasis

by regulating signal transduction and cell communication

[Grigoriadis et al., 2006; Kudo et al., 2007; Kanno et al., 2008].

CapG (macrophage capping protein) is another up-regulated protein

in the NPC stroma and a member of the actin-binding of protein

family. CapG is involved in cell growth and/or maintenance through

regulating cell motility [Witke et al., 2001; Parikh et al., 2003].

Down-regulated proteins in NPC stroma, such as heterogeneous

nuclear ribonucleoproteins C1/C2, heterogeneous nuclear ribonu-

cleoprotein A2/B1, transformation up-regulated nuclear protein,

and heterogeneous nuclear ribonucleoprotein H1 were involved in
ANALYSIS OF STROMA OF NPC 577



regulation of cleobase, nucleoside, and nucleic acid metabolism

[Celis et al., 2005]. Even though some of these differential stromal

proteins were investigated in NPC, the potential role of these

proteins involved in the development of NPC deserves further

exploration.

In summary, our data have demonstrated the feasibility of using a

proteomic strategy coupled with LCM to identify stromal proteins

associated with NPC carcinogenesis. Our findings are an initial step

toward studying the role of stroma in the NPC carcinogenesis, as

well as the interaction between NPC cells and their surrounding

microenvironment. However, great efforts will be required to

elucidate the functional roles of the stromal proteins in NPC.
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