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ABSTRACT
Background: S100A7 is a secreted protein and its
overexpression has been previously associated with
carcinogenesis of certain cancers. This study was
undertaken to investigate the possibility that overexpres-
sion of S100A7 protein might be detected in the sera of
patients with lung cancer.
Methods: RNA and protein levels of S100A7 were
examined in 60 pairs of frozen lung cancer tissues by RT-
PCR and western blot. The specific expression of this protein
and its cellular distribution were investigated in 145 paraffin
embedded lung cancer samples, six benign lung disease
and 21 normal lung tissues by immunohistochemistry. The
S100A7 protein level was further analysed in serum from
112 patients with lung cancer, 20 with benign lung diseases
and 31 healthy individuals by ELISA.
Results: Specific expression of both S100A7 mRNA and
protein was found in squamous cell carcinomas,
adenosquamous carcinomas and large cell lung carcino-
mas, whereas neither was detected in adenocarcinomas
or paired non-cancerous lung tissues. Further immuno-
histochemical analysis identified positive staining of
S100A7 only in squamous cell carcinomas and large cell
lung carcinomas, but not in other subtypes of lung cancer
and normal lung tissues. Weak expression was also found
in the inflammatory cells of benign lung diseases. Our
most important finding is that elevated S100A7 protein
could be detected in the sera of patients with squamous
cell carcinomas.
Conclusion: S100A7 was only expressed in squamous
cell carcinomas and large cell lung carcinomas and an
increase in the level of S100A7 protein in serum may
serve as a potential marker for lung cancer diagnosis.

Lung cancer is a leading cause of malignancy
related deaths worldwide, and the 5 year patient
survival rates remain 14%, despite diagnostic
imaging and therapy improvements over the past
decades.1 2 Although established biomarkers such
as p53, NES, CEA, Cyfra21-1 and CA19-9 are
commonly used as lung cancer biomarkers,3 4

several potential biomarkers, such as SAA and
TTR, have been investigated recently in lung
cancer.5 6 However, very few have been accepted
for clinical diagnosis, progression and/or prognosis,
either because of the lack of specificity or because
of conflicting reports. Therefore, 65% of patients
with lung cancer with advanced diseases at the
time of diagnosis lose the best therapeutic oppor-
tunity for surgical resection because of lack of good
biomarkers.7 More effective management of lung
cancer is required to identify the specific markers at
a stage early enough to be curable by surgery.

S100A7 (psoriasin) belongs to the S100 multi-
genic family of calcium modulated proteins of the
EF hand type and is relatively unique in structure.
The locus encoding the S100A7 gene was dupli-
cated in evolution and is composed of three
distinct genomic regions. Regions 1 and 3 are in
opposite orientation to each other, each carries two
S100A7-like genes separated by an 11 kb intergenic
region (region 2). Region 2 also contains an
S100A7-like gene.8 S100A7 was originally identified
as a protein whose expression was increased in
psoriatic keratinocytes.9 Later studies have shown
that S100A7 could play an important role in
antibacterial action10 and its overexpression is
prominently associated with early stages of various
carcinomas, including squamous carcinomas in
skin and bladder, and ductal in situ carcinomas
and adenocarcinomas of the breast.11–16 Expression
of S100A7 is often diminished in carcinomas during
their progression to invasive carcinoma. However,
persistent S100A7 expression can occur in subsets
of invasive breast carcinomas associated with the
worse clinical outcome.17 Although S100A7 is
present in the cytoplasm and nucleus of abnor-
mally differentiated keratinocytes and breast carci-
noma cells,15 secreted S100A7 was found in
psoriatic skin lesions and in amniotic fluid and
urine of patients with squamous cell carcinoma.18–20

Because of these observations, we wondered
whether S100A7 could be a potential serum marker
for lung cancer. To test this possibility, we first
analysed various tissues to determine if there is
differential expression of S100A7 between primary
lung cancer tissues and matched non-cancerous
lung tissues, or between benign lung diseases and
their normal counterparts. We then examined
whether the S100A7 protein can be detected in
the serum of patients with lung cancer and control
groups and whether its detection is limited to lung
cancer or subtypes of lung cancer. Finally, we
tested whether the association of S100A7 with
lung cancer is statistically significant and whether
it can serve as a serum marker for lung cancer.

MATERIALS AND METHODS

Tissue and serum specimens
Sixty frozen lung cancer tissues and matched non-
cancerous lung tissues (average 5 cm) from the
same patients, one skin biopsy specimen from a
patient with chronic plaque-type psoriasis, 112
serum samples from patients with lung cancer and
20 serum samples from patients with benign lung
disease were obtained from the Cancer Hospital,
Peking Union Medical College and Chinese
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Academy of Medical Science and General Hospital of Beijing Unit,
PLA. The frozen tissues obtained during surgery were snap frozen
and stored in liquid nitrogen. The lung cancer serum samples were
from 86 males and 26 females, aged 21–82 years, and the benign
lung disease serum samples were from 15 males and five females,
aged 25–78 years. Among 145 formalin fixed and paraffin
embedded lung cancer tissues, 65 were provided by the First
Hospital of Jilin University, two cases (adenosquamous cell
carcinomas) were collected from General Hospital of Beijing Unit,
PLA and 78 were obtained from two microarrays (lung cancer
tissues No CC04-11-005 and normal lung tissues No NC04-01-
001) purchased from Cybrdi Co. Ltd (Xian, China). No CC04-11-
005 tissue array comprised 28 squamous cell carcinomas, 17
adenocarcinomas, 11 small cell carcinomas, three large cell
carcinomas, three alveolar carcinomas, five adenosquamous
carcinomas, four mucoid adenocarcinomas, three papilla adeno-
carinomas and one carcinoid tumour of lung, two pneumonia and
three normal lung tissues. No NC04-01-001 array comprised two
adenocarcinomas, one squamous cell carcinoma, four benign lung
diseases and 18 normal lung tissues. Three punches of each sample
were arrayed on the latter slide. All patients with lung cancer had
a pathological diagnosis and none had received prior therapy. Lung
cancer staging was based on the tumour-node-metastasis and
staging classification of 198921 and was comparable with the new
WHO criteria classification of 1999. Thirty-one normal control
serum samples from 23 males and eight females, aged 23–75 years,
were obtained from a general health examination from the staff of
the General Administration of Sport. Processing, collection and
storage protocols for serum samples for normal individuals were
the same as those for the patients. All samples were collected
between December 2005 and July 2006, and written informed
consents was obtained from each donor. The study was approved
by the Medical Ethics and Human Clinical Trial Committee at
First Hospital of Jilin University and Cancer Hospital, Peking
Union Medical College and Chinese Academy of Medical Science,
as well as General Hospital of Beijing Unit, PLA.

RNA isolation and reverse transcription (RT)
Total RNA was isolated from tissues using Trizol reagent
(Invitrogen, Carlsbad, California, USA), and 2 mg of RNA were
reverse transcribed into single strand cDNA using molony
murine leukaemia virus reverse transcriptase (Promega,
Madison, Wisconsin, USA) and oligo (dT)15 (Promega) as a
primer. Normal tissue cDNA panels (multiple tissue cDNA
panels (MTC) I and II) composed of brain, colon, heart, kidney,
leucocytes, liver, lung, ovary, pancreas, placenta, prostate,
skeletal muscle, small intestine, spleen, thymus and testis were
purchased from BD Biosciences Clontech (Palo Alto, California,
USA).

Semiquantitative PCR
Semiquantitative PCR reactions were carried out with S100A7
gene specific primers (59-AAC TTC CTT AGT GCC TGT G-93
and 59-TGG TAG TCT GTG GCT ATG TC-93) or with b-actin
(ACTB) specific primers (59-AAA TCT GGC ACC ACA CCT
TC-93 and 59-GGG GTG TTG AAG GTC TCA AA-93) as an
internal control. All PCR reactions were programmed for an
initial denaturation at 94uC for 5 min followed by 23 (for
ACTB) or 27 cycles (for S100A7) at 94uC for 30 s, 55uC for 30 s
and 72uC for 60 s on an ABI GeneAmp PCR System 9700
(Applied Biosystems, Foster City, California, USA). The PCR
products were analysed by electrophoresis in 1% agarose gel.
The electrophoresis images were scanned with Flour-s

Multimager (Bio-Rad, California, USA), and the original
intensities of specific bands were quantified by Multi-Analyst
software (Bio-Rad). The amount of S100A7 expression was
normalised to the ACTB endogenous reference standard and
was presented as the ratio of S100A7:ACTB. The identity of the
DNA product was confirmed by nucleotide sequencing. PCR
experiments were repeated in triplicate on the samples with
similar results.

Western blot
Tissue samples of homogenates of the lung cancer or matched
non-cancerous lung were treated with detergent solution
(62.5 mM EDTA, Tris (pH 8.0), 0.4% deoxycholic acid and 1%
NP40). Equal quantities of protein were separated by 12%
sodium dodecyl sulphate-polyacrylamide gel electrophoresis and
transferred onto nitrocellulose membrane (Amersham
Biosciences, Piscataway, New Jersey, USA) using a Bio-Rad
wet transfer unit. After blocking with 5% (w/v) non-fat dried
milk in TBST solution (25 mM Tris, pH 7.5, 150 mM NaCl,
0.05% (v/v) Tween-20) for 1 h at room temperature, the
membranes were incubated with S100A7 antibody (1:1000
dilution) for 1 h at room temperature, followed by alkaline
phosphatase conjugated second antibody for 1 h at room
temperature. Target proteins were detected by 5-bromo-4-
chloro-3-indoyl phosphate and nitroblue tetrazolium. b-Actin
was used to normalise the loaded proteins. Monoclonal
antibody against S100A7 was purchased from Imgenex (San
Diego, California, USA, USA, catalogue No IMG-409A) and this
antibody was developed against recombinant psoriasin/HD-5
protein).

Immunohistochemistry
Immunohistochemical staining was carried out on 10% formalin
fixed, paraffin embedded tissue sections cut to 5 mm thickness.
All sections were dried at 60uC for 30 min, treated with xylenes
and then dehydrated in alcohol. Endogenous peroxidase was
blocked with hydrogen peroxide (3%) for 10 min to remove
endogenous peroxidases, and non-specific binding was blocked
with normal mouse serum. Microwave treatment of the slides
was performed for 15 min in 0.01 mM citrate buffer (pH 6.0).
After incubating with blocking serum, the S100A7 antibody
(1:200 dilution in phosphate buffered saline) was applied for 1 h
at 37uC followed by washing and subsequent incubation with
the secondary antibody, peroxidase conjugated affinity purified
rabbit anti-mouse (1:200 dilution) for 1 h at 37uC. Detection
was performed with 3, 39-diaminobenzidine tetrahydrochloride
peroxidase substrate and counterstaining with haematoxylin,
followed by dehydration, clearing and mounting. A negative
control (normal mouse serum only/no primary antibody) was
performed in parallel. All immunostained slides for S100A7 were
evaluated independently by two pathologists. Staining in
cytoplasmic, nuclear and cytoplasmic membrane was consid-
ered positive. Cancer specimens containing .5% cells for
S100A7 staining was regarded as positive.

ELISA
Serum S100A7 level was examined by ELISA with commercial
monoclonal antibody against S100A7. Individual serum samples
were diluted 1:10 with coating buffer (0.05 M carbonate buffer,
pH 9.6) and then 100 ml of diluted serum were added to each
well in a 96 well plate. After leaving overnight at 4uC, the wells
were washed three times with washing buffer (16phosphate
buffered saline, 0.05% Tween 20, pH 7.4) and blocked with 3%
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bovine serum albumin. Then, 100 ml of S100A7 antibody
(1:5000 dilution) were added and incubated for 1.5 h at 37uC.
After three washes, to each well was added 100 ml of secondary
antibody (1:3000 diluted goat antimouse IgG-HRP antibody;
Golden Bridge Co., China) and incubated for an additional 1.5 h
at 37uC. After washing, the reaction was developed with OPD
and terminated by 3 M H2SO4. Absorbance was measured on a
microplate reader (Bio-Rad model 550; Bio-Rad) at 490 nm. The
primary antibody depleted was used as a negative control. All
analyses were assayed in duplicate.

Statistical analysis
The association between S100A7 expression and categorical
groups was analysed by the x2 test or Fisher’s exact test, as
appropriate. The Pearson correlation coefficient (r) and asso-
ciated probability (p) were calculated to analyse the correlation
between mRNA and protein levels of S100A7. A non-parametric
test (Mann–Whitney U test) was used to compare the ELISA
results from different groups. Two tailed p values of 0.05 or less
were considered significant. Receiver operating characteristic
analysis was used to detect the optimal cut-off points (ie, those
with the highest total accuracy) for separating squamous cell
carcinomas from other tested groups.

RESULTS

S100A7 mRNA is not detectable in normal lung tissue
S100A7 has been reported to be expressed in psoriatic
keratinocytes and some cancer cells. S100A7 expressions in
human multiple tissue cDNA panels (Clontech), including 16

normal human tissues, were first examined to determine its
distribution and transcriptional levels. Expression levels of
S100A7 varied significantly among 16 normal human tissues.
The highest levels of S100A7 expression were found in the
placenta, thymus, ovary and colon, while very low levels were
detected in the prostate and testis. However, extremely weak or
undetectable levels of S100A7 were found in the lung, brain,
heart, kidney, leucocytes, liver, pancreas, skeletal muscle, small
intestine and spleen (fig 1). These results demonstrate that
S100A7 expression is not detectable in normal lung tissues.

Expression of S100A7 in lung cancer tissues
To determine if S100A7 could be a biomarker for lung cancer,
we first confirmed whether S100A7 was differentially expressed
in lung cancer and normal lung tissues. We performed
semiquantitative PCR to analyse mRNA expression of S100A7
in 60 paired primary lung cancer tissues. To make the control as
precise as possible, the corresponding normal bronchial epithe-
lial cells were obtained by LCM (Palm MicroLaser System,
Germany) from the matched non-cancerous lung tissue blocks.
In difficult cases in which we could not obtain microdissected
epithelial cells, the whole lung tissue blocks were used. We
found that S100A7 was detected in squamous cell carcinomas,
adenosquamous carcinomas and large cell lung carcinomas, but
not in any of adenocarcinomas, normal bronchial epithelial cell
samples or matched non-cancerous lung tissue blocks. To
confirm whether S100A7 mRNA expression paralleled the
protein level, S100A7 protein was also analysed in the same
sets of tissue samples by western blot (table 1). Our data
demonstrated that S100A7 gene expression correlated well with

Figure 1 Analysis of S100A7 transcript
levels in 16 normal human tissues, using
lesional psoriatic skin as a positive
control. (A) Conventional RT-PCR analysis
for S100A7 transcript. The housekeeping
gene b-actin was used as a control. (B)
The results are presented as the ratio of
S100A7 gene expression to b-actin gene
expression. Values are mean (SD).
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protein levels (r = 0.91; p = 0.0015). However, there was no
correlation between S100A7 expression and sex, age, clinical
stages or nodular status. With regard to histology, squamous
cell carcinomas showed higher S100A7 expression than other
types of lung cancer (p,0.001). Some representative results are
shown in fig 2. For three squamous cell carcinomas with non-
detectable S100A7, it is possible that S100A7 protein is
expressed at extremely low levels, undetectable using our
method. Nevertheless, our findings raise the possibility that
S100A7 is expressed selectively in subtypes of lung cancer,
independent of the clinical stage of the disease.

Specific expression of S100A7 in squamous carcinomas and
large cell carcinomas
To confirm whether there is differential expression of S100A7 in
subtypes of lung carcinomas and to determine its subcellular
localisation, immunohistochemistry was initially performed in
67 formalin fixed, paraffin embedded lung cancer tissues which
were obtained from two separate cohorts. When tissue samples
were examined by histology and pathology, S100A7 immuno-
reactivity was scored from moderate to strong in squamous cell
carcinomas, adenosquamous carcinomas and large cell carcino-
mas, respectively. However, the intensity of the immunoreac-
tivity was independent of sex, age, clinical stages and nodular
status. No immunoreactivity was observed in adenocarcinomas.
This observation, together with our desire to see whether
S100A7 was expressed in non-malignant lung diseases,
prompted us to enlarge our screens to more and various types

of lung cancer tissues. Among 78 cases of lung cancer tissues, six
cases of benign lung disease tissues and 21 cases of normal lung
tissues on two microarrays, we found that, as expected, some
squamous cell carcinomas, large cell carcinomas and adeno-
squamous carcinomas were positive for immunoreactivity for
S100A7. Taken together, among 145 cases of paraffin embedded
lung cancer tissues, S100A7 positive specimens were observed in
53% of squamous cell carcinomas, 33% of adenosquamous
carcinomas and 20% of large cell carcinomas. No immuno-
reactivity was detected in other subtypes of lung cancer or in
normal lung tissues (table 2). Moreover, the positive staining of
S100A7 in adenosquamous carcinoma tissues was only present
in the squamous cell carcinoma area and weak immunoreactiv-
ity was also observed in some inflammatory cells of benign lung
diseases, especially the alveolar macrophages. Representative
immunoreactivity results are shown in fig 3. In addition,
examination of the subcellular localisation of S100A7 protein in
squamous cell carcinomas and large cell carcinomas revealed
that it was detectable in nuclei and cytoplasm, occasionally in
the plasma membrane but predominately localised in well
differentiated squamous cell carcinomas. No correlation of
S100A7 expression with sex, age, clinical stage or nodular status
was observed. Histologically, squamous cell carcinoma tissues
showed higher S100A7 expression levels than that of other
types of lung cancer tissues (p,0.001). Collectively, these
findings suggest that S100A7 is highly and differentially
expressed in squamous cell carcinomas and large cell carcinomas
and high levels of its expression may serve as a useful marker for
these types of lung carcinomas.

The level of S100A7 protein increases in sera from squamous
carcinoma patients
Based on the above results and the observation that S100A7 was
found in amniotic fluid and urine of patients with squamous
cell carcinomas,19 20 we next evaluated the potential diagnostic
significance of S100A7 protein as a serum marker. For this
purpose, an ELISA developed specifically for S100A7 detection
was selected to analyse S100A7 serum levels in various groups of
patients with lung cancer, individuals with benign lung diseases
and healthy controls. It was found that the level of S100A7 in
lung squamous cell carcinoma patients was significantly
increased compared with other cell types of lung cancer and
benign lung diseases (p,0.001), the latter exhibiting a value
that was similar to that of healthy individuals (table 3). S100A7
levels in differential grades and clinical stages of patients with
lung cancer were elevated, with no significant differences. These
data indicate that elevated S100A7 serum levels are specifically
associated with lung cancer but not with benign lung diseases.

Table 1 S100A7 expression in human lung cancer and matched non-
cancerous tissue specimens

Group
No
tested

mRNA expression
(No positive/No
tested)

Protein expression
(No positive/No
tested)

Non-cancerous lung tissue 60 0/60 0/60

Squamous cell carcinomas 35 21/35 18/35

I/II 18 11/18 9/18

III/IV 17 10/17 9/17

Adenocarcinomas 18 0/18 0/18

I/II 10 0/10 0/10

III/IV 8 0/8 0/8

Adenosquamous carcinomas 5 2/5 2/5

I/II 3 1/3 1/3

III/IV 2 1/2 1/2

Large cell lung carcinomas 2 1/2 1/2

I/II 1 0/1 0/1

III/IV 1 0/1 0/1

Figure 2 (A) Conventional RT-PCR analysis for expression of S100A7 in subtypes of lung cancer tissues (T), including squamous cell carcinoma (SCC)
adenocarcinoma (ADC), adenosquamous carcinomas (ASC) and large cell lung carcinoma (LCLC), and the matched adjacent non-cancerous tissues (N).
(B) Western blot analysis of S100A7 protein in the same sets of tissues samples which were arranged in the same order as shown in (A).

Lung cancer

Thorax 2008;63:352–359. doi:10.1136/thx.2007.087015 355

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2007.087015 on 25 M

arch 2008. D
ow

nloaded from
 

http://thorax.bmj.com/


In the present study, at the cut-off point of 0.275 (OD value) on
the receiver operating characteristic curve, 52.8% of squamous
cell carcinomas were above this point whereas 97.4% of
adenocarcinomas and 90% of small cell carcinomas were below
this point. None of the benign lung diseases or normal control

individuals had S100A7 levels above this threshold (fig 4).
Therefore, S100A7 could significantly discriminate squamous
cell carcinomas from other cell types of lung cancer, benign lung
disease and healthy control groups with 52.8% sensitivity,
96.3% specificity and a total accuracy of 98%. Although the

Table 2 S100A7 immunostaining in lung tissue specimens

Group
Total No positive/
No tested

S100A7 expression (No positive/No tested)

I/II III/IV Unstaged

Squamous cell carcinomas 33/62 21/38 12/23 0/1

Adenocarcinomas 0/45 0/26 0/19 –

Adenosquamous carcinomas 3/9 1/3 1/2 1/4

Large cell carcinomas 1/5 0/2 1/2 0/1

Small cell carcinomas 0/11 – 0/11 –

Other lung cancers* 0/13 0/8 – 0/5

Normal lung 0/21

Benign lung diseases 0/6

*Other lung cancers include alveolar carcinomas, mucoid adenocarcinomas, papilla adenocarinomas and carcinoid tumour of lung.

Figure 3 Immunohistochemical analysis
of S100A7 protein expression in subtypes
of lung cancer tissues, benign lung
disease and normal lung tissues. (A–C)
Squamous cell carcinoma; (D–E) large
cell carcinoma; (F) adenosquamous
carcinoma; (G) adenocarcinoma; (H)
small cell carcinoma; (I) alveolar cell
carcinoma; (J) papilla carcinoma; (K)
mucous adenocarcinoma; (L) normal lung
tissue; (M–N) pneumonia; (O) normal lung
tissue. (B), (E) and (N) are amplified
pictures of (A), (D) and (M), respectively.
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sensitivity of S100A7 as a diagnostic marker for lung cancer is
relatively low, it is a more specific marker of lung squamous cell
carcinoma than any other current clinical markers. Taken
together, our data strongly suggest that S100A7 can serve as a
potential excellent diagnostic marker for detection of lung
cancer in serum, even during the early stages of the disease.

DISCUSSION
S100 proteins are involved in a variety of biological processes
and are considered to be expressed in a cell type or tissue specific
manner. It is well documented that S100A7 is overexpressed
during abnormal skin differentiation,9 and is also associated
with the early stages or invasion of certain cancers.22–24

Overexpression of S100A7 was also found in brain metastases
of lung squamous cell carcinomas and primary lung cancer
tissues which developed brain metastases 2,6 months after
operation.25 Based on our previous study and other reported
findings, we propose that S100A7 serves not only as an indicator
for progression of diseases but may also act as a potential
marker for early detection of certain lung cancers.

Unlike other solid tumours, lung cancer is unique in that the
different morphological cell types occur at fairly high frequen-
cies. Not uncommonly, difficulty exists in classifying a non-
small cell lung cancer as adenocarcinoma, squamous cell
carcinoma or large cell carcinoma, especially for cancers with
poorly differentiated morphologies.26 Therefore, identification
and characterisation of new lung cancer biomarkers is of great
value in cancer diagnosis and therapy, as well as in revealing the
mechanisms of carcinogenesis. In the present study, it was
important to determine whether S100A7 protein could be
differentially expressed in various pathological lung diseases and
further validate that S100A7 protein could be detected in sera
and may thus act as a potential marker for lung cancer
diagnosis. To test this hypothesis, we first demonstrated that
both S100A7 mRNA and protein were expressed in squamous
cell carcinomas and large cell carcinomas, as well as in
adenosquamous cell carcinomas, whereas no S100A7 was found
in adenocarcinomas and matched non-cancerous lung tissues. It
is therefore reasonable to speculate that S100A7 is likely to be
differentially expressed in lung cancer tissues. Our additional
studies discovered that immunoreactivity of S100A7 was
detected only in squamous cell carcinomas and large cell
carcinomas. Interestingly, further observations revealed that
S100A7 immunoreactivity in adenosquamous carcinomas
occurred only in the squamous cell carcinoma area and weak
staining was also detected in some inflammatory cells in benign

lung disease samples, especially the alveolar macrophages from
patients with pneumonia. However, no S100A7 expression was
observed in other cell types of lung cancer and normal lung
tissues. These results strongly support the fact that S100A7 is
expressed specifically in subtypes of lung cancer, independent of
clinical stage.

It is worth mentioning that a significant increase in S100A7
levels was found in the sera of lung squamous cell carcinoma
compared with other cell types of lung cancer, benign lung
diseases and healthy individuals. These results provide good
supporting evidence for the diagnostic value of the S100A7
protein. The sensitivity and specificity of S100A7 were found to
be 52.8% and 96.3%, respectively, when the cut-off point was
set at 0.275 (OD). However, for two cases of small cell
carcinoma, where patients had a slight elevation of serum
S100A7, our ELISA method may not have been sufficiently
sensitive and accurate compared with other more quantitative
techniques. One moderately differentiated adenocarcinoma,
stage IV, was found to have moderately increased S100A7
levels undefined in previous studies. In addition, we also found
that expression of S100A7 in cancer tissues and its levels in
serum were not dependent on the clinical stage of the disease.
These data suggest that S100A7 may be an early marker for lung
cancer detection. In comparison with recently identified
potential markers for lung cancer, such as SAA and TTR,5 6

S100A7 distinguished lung carcinomas and benign lung diseases
with a high specificity. Over the past 10 years, other quantative
methodologies were also used to detect DNA content, circulat-
ing tumour cells, tumour related gene expression, oncogene
mutation, microsatellite alterations and promoter methylation
in the sera/plasma of patients with lung cancer using real time
quantitative PCR. The overall positive detection rates with a
single marker were 16,61% for patients with lung cancer and
0,21% for healthy individuals, with the exception of analysis of
free circulating DNA concentration.27–33 However, both sensi-
tivity and specificity were markedly increased by detecting
circulating cancer cells in peripheral blood with multiple marker
genes using either RT-PCR or membrane array based multi-
marker assay in lung cancer.28 34 According to these reports and
our results, we suggest that levels of S100A7 in sera may serve as

Table 3 Levels of S100A7 in serum samples

Group
No serum
samples

S100A7
(OD values)

Squamous cell carcinomas 53 0.296 (0.119)**

I/II 30 0.293 (0.103)

III/IV 23 0.300 (0.136)

Adenocarcinomas 39 0.191 (0.052)

I/II 19 0.190 (0.036)

III/IV 20 0.192 (0.065)

Small cell carcinomas 20 0.183 (0.058)

I/II 0

III/IV 20 0.183 (0.058)

Benign lung diseases 20 0.188 (0.053)

Healthy controls 31 0.182 (0.046)

Values are mean (SD).
**p,0.001 compared with the other cell types of lung cancer and control groups.

Figure 4 Distribution of the S100A7 OD values in serum samples of
patients with lung cancer, benign lung diseases and healthy individuals.
ADC, adenocarcinoma; Benign, benign lung diseases; Healthy, healthy
individuals; n, number of serum samples; SCC, squamous cell carcinoma;
SCLC, small cell lung carcinoma. Broken line is the cut-off value.
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a helpful candidate for discrimination of lung cancer and non-
malignant lung diseases, while currently used biomarkers fail to
provide reliable diagnostic information. An unsatisfactory
aspect in the present study was that the majority of frozen
tissue samples and paraffin embedded lung cancer tissues were
not obtained from the same group of patients. However, it is
intriguing that even with this caveat, our data still support the
putative diagnostic value of serum S100A7 as a marker for lung
squamous cell carcinoma.

The function of S100A7 expressed in lung cancer tissues
remains unknown. To interpret our observation, we first
hypothesised that S100A7 may be involved in the transforma-
tion process of normal bronchial epithelium to squamous cell
carcinomas and large cell carcinomas and may thus play an
intrinsic role in carcinogenesis. In addition, S100A7 has been
reported to alter the activity of activator protein 1 and hypoxia
inducible factor 1 transcription factors and their downstream
genes in breast cancer cells, consistent with the downstream
pathways believed to be regulated by Jab1.35 Mutation of three
key amino acids (Asp108, Leu130and Asn140) in the Jab1
binding site of S100A7 is known to cause subtle regional
structural changes in the protein, in particular in the area
around the metal binding sites, which is sufficient to reduce the
S100A7 interaction with Jab1 in vivo and in vitro. These
mutations have been shown to significantly reduce breast
cancer malignant phenotypes in vitro and increase tumorgen-
icity in vivo in nude mice.17 Recently, specific interactions
between different S100 proteins were visible by SELDI-MS, and
the interaction partners of S100A8/A9 were identified as
S100A10 and S100A7, respectively.36 In addition to these
findings, we predicted that S100A7 protein could be released
into the microenvironment of lung cancer tissues, even into the
circulating system. The S100A7 protein in the microenviron-
ment may act as a chemotactic factor for inflammatory cells
and consequently promote cancer development. S100A7 protein
in serum may be developed as a potential biomarker for lung
cancer diagnosis. It is known that the interaction between
epithelial tumour cells and tumour infiltrating inflammatory
cells can be mediated by virtue of factors. It can be produced by
malignant tissue and tumour associated macrophages and may
thus increase survival, proliferation, migration and invasion of
epithelial cancer cells.37 Thus it is possible that the secreted
S100A7 protein can act as the chemotactic factor and a serum
marker for lung cancer.

In summary, we have identified and confirmed that S100A7 is
expressed in lung squamous cell carcinomas and large cell
carcinomas, but not in adenocarcinomas and small cell lung
carcinomas. The S100A7 protein was detected in the serum of
patients with lung cancer and its expression was significantly
elevated in patients with squamous cell carcinomas. Therefore,
the use of S100A7 as a serum biomarker for the detection of lung
squamous cell carcinomas may help to facilitate the discrimina-
tion of patients with lung cancer from other cell types of lung
cancers and patients with benign lung diseases. Elucidation of the
biological functions and molecular mechanisms of S100A7 in lung
cancer are currently underway in our laboratory.
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A 75-year-old man with chest discomfort and a
cough

CLINICAL PRESENTATION
A 75-year-old man was admitted with a
non-productive cough and chest discom-
fort. He had been admitted 2 months
previously with left lower lobe (LLL)
consolidation for which he received intra-
venous antibiotics. He had no weight loss
or constitutional symptoms. The chest
radiograph (fig 1) revealed persistent
consolidation and he was urgently
referred to the chest clinic for review.

He was an ex-smoker with a 50 pack-
year history. 12 years previously he was
diagnosed with carcinoma of the piriform
fossa which was successfully treated with
pharyngolaryngectomy, radical radiother-
apy and subsequent tracheostomy.
Examination revealed evidence of his
previous surgery and a tracheostomy. He
had no clubbing or lymphadenopathy and
coarse crackles were heard at the left base,
as on the previous admission. After
treatment with co-trimoxazole for
3 weeks his chest radiograph remained
unchanged. A CT scan of the thorax (fig 2)
revealed LLL collapse with dense consoli-
dation in the posterior aspect of the right

middle and lower lobes. The possibility of
aspiration was suggested. Bronchoscopy
was performed via his tracheostomy
which showed a normal right bronchial
tree and only a moderate amount of thick
white sputum on the left which was
easily cleared by washing. Washings were
negative for cytology, culture and acid-
fast bacilli.

CT-guided biopsy (fig 3) showed fibro-
sis, elastosis and numerous macrophages (CD68 positive, fig 4) with several multi-

nucleated giant cells surrounding spaces,
presumed to contain fat. Black carbon
pigment was seen in the interstitium and
within macrophages. Occasional asso-
ciated needle-shaped refractile crystals
were present and a chronic inflammatory
cell infiltrate of lymphocytes. There was
no evidence of malignancy.

QUESTION
Is there anything further you would like
to ask in the history and can you suggest a
possible diagnosis?

See page 376 for answer
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Figure 1 Chest radiograph showing persistent
consolidation.

Figure 2 CT scan of the thorax showing left
lower lobe collapse with dense consolidation in
the posterior aspect of the right middle and
lower lobes.

Figure 3 CT-guided biopsy specimen (H&E
stain) showing fibrosis, elastosis, macrophages
several multinucleated giant cells surrounding
spaces, presumed to contain fat.

Figure 4 Immunostaining for CD68 which
highlights the numerous macrophages.
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