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Abstract

Sarcomas are rare malignant tumors rich in stromal and extracellular 
material; however, the features involved in their adhesion and cell migration 
are unclear. Moreover, little is known about molecular alterations, which could 
contribute to their malignant transformation and biology. We have previously 
observed a lack of correlation in tetraspanin expression module on sarcomas 
and a poorer prognosis, using a cDNA microarray platform. Tetraspanins are 
proteins, which are involved in several cellular processes and their profile, or 
role in sarcomas is unknown. Our aim was to validate cDNA microarray data 
and to evaluate the correlation of tetraspanins expression profile with clinical 
pathological parameters. Protein and transcript expression were evaluated 
by immunohistochemistry (227 samples) and quantitative real time - PCR (47 
samples). Results showed a significant downregulation of CD81 and CD37 
transcripts in high grade and metastatic tumors. CD63 showed the highest 
frequency of cytoplasm protein expression, showing a trend of association with 
poor survival (p=0,053). CD9 protein was observed, mainly in the membrane 
of leiomyosarcomas and pleomorphic sarcomas. Taken together, our results 
indicate that CD9, CD81 and CD82 does appear to play an important role in 
soft tissue sarcomas prognosis and their higher expression correlates with 
less aggressive forms of behavior. The role of CD63 protein needs further 
investigation, due to its high frequency and intensity of expression in STS.
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Studies have analyzed human tumors from different primary 
sites and shown the importance of TSPAN in cancer progression, 
metastasis and prognosis. The downregulation of these proteins, 
is in general, associated with the development of metastasis or the 
loss of cell adhesion and neoplastic cell invasion [9,10]. However, 
a pro-tumoral role has also been identified with some TSPAN. 
The transfection of CD151 into cancer cells demonstrated an 
enhancement of the cell motility, invasion and metastatic potential 
in vitro of human colon cancer cells, glioblastoma and fibrosarcoma 
[11]. Research also demonstrated that a spliced variant of CD82, 
obtained by the excision of exon 7, was associated with an increase 
in cell motility, loss of cell adhesion, tumor growth and metastasis 
occurrence [12].

Although the importance of TSPAN in a wide range of epithelial 
tumors is well known, their role in soft tissue sarcomas (STS) has 
not been investigated. In a preliminary study, with 73 histologically 
different soft tissue tumors in a cDNA microarray platform, 
(containing 4.608 ORESTES sequences); we found a lack (change) 
of linear correlations between TSPAN gene pairs when considering 
tumor characteristics and gene expression profiles. CD9, CD37, 
CD63, CD81 and CD82 presented significant differences in their 
fold of expression. We aimed our investigation therefore, at the gene 
and protein expression of CD9, CD37, CD63, CD81 and CD82 and 
to evaluate the correlation of their expression profile with clinical 
pathological parameters.

Material and Methods
Tissue samples

Tissue samples were obtained from a total of 227 patients 

Introduction
Sarcomas are malignant tumors of the connective tissue and can 

be classified in different histological types [1]. In their early stages, 
patients are asymptomatic, because soft tissues are relatively elastic. 
This enables tumor growth without presenting alterations or sequelae 
[2]. Although these neoplasms are relatively rare, patients present 
high rates of mortality and morbidity [3]. Generally, sarcomas are 
histologically classified according to their differentiated tissue types 
(eg. leiomiosarcoma, liposarcoma, osteosarcomas and others) [1,2]. 
Diagnosis is based on the histological type and tumor grade [2,4]. 
Whilst tumor size and histological features are the best prognostic 
factors available for mesenchymal tumors, very little is known 
about their molecular alterations, which could contribute to our 
understanding of the cells origins, malignant transformations, and 
tumor biology of sarcomas [4]. Several previous works have shown 
an aberrant tetraspanin (TSPAN) expression in cancer, but do not 
associate these protein families with sarcomas’ clinical or pathological 
features.

These proteins are integral membrane proteins, which are 
characterized by the presence of four transmembrane domains. They 
belong to a large family, in which there are at least 33 members, 
expressed all cell types except for red blood cells [5]. Countless studies 
have been done which demonstrates the involvement of TSPAN in 
several physiological processes. Including tissue differentiation, cell 
proliferation, cell-matrix adhesion, cell migration, viral-induced 
syncytium formation, fusion processes, signal transduction and 
cellular activation [6]. Experimental and clinical studies have shown 
the importance of TSPAN in tumor biology and behavior [7,8].
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undergoing operative procedures on primary tumor sites, between 
1973-2006. All tissue samples were obtained from the Tumor Bank 
and Paraffin Block archive, in the Department of Anatomic Pathology 
of the A.C. Camargo Cancer Center, São Paulo, Brazil. Hematoxylin 
and eosin stained slides were reviewed by two pathologists (IWC and 
FAS) and classified according to the criteria of 2013 World Health 
Organization (WHO). Among the available systems for sarcomas 
graduation, we used the French Fédération Nationale des Centres de 
Lutte Contre le Câncer (FNCLCC) and the National Cancer Institute 
(NCI). The Institutional Review Boards of the A.C. Camargo Cancer 
Center (Study Number 1031/08) approved this study and preoperative 
informed consents were obtained from all patients.

The follow-up of records of patients, for a period of more than 
sixty months, and all clinical and pathological data was obtained 
from patient archives. Sex, ethnicity, age, treatment, tumor size and 
staging, metastasis, recurrence, survival and other clinical features, 
were evaluated. For purposes of statistical analysis, we grouped 
intermediate and high histological grade tumors, and moderate 
and high protein expressions. When data analysis was performed 
separately, no significant differences were discovered, probably due 
the low number of samples for some histological types of tumors.

cDNA microarray, mathematical analysis and quantitative 
real time (qRT)-PCR

The cDNA microarray analysis was performed as described 
previously [13]. To analyze the relationship of TSPANs between 
73 different frozen samples, we mapped a microarray platform 
containing 4.608 ORESTES sequences (Ludwig Institute chip 
[13,14] in order to find the presence of these genes on the chip. 
Detailed descriptions are available at Gene Expression Omnibus 
data repository under accession number GPL1930, and the accession 
number for raw data is GSE14541 (http://www.ncbi.nlm.nih.gov/
projects/geo). We performed a relevance networks analysis, which 
enables the visualization of the correlations between molecules under 
different conditions. A Fisher’s Z transformation was used to obtain 
the difference in significance between the correlations undergoing 
different analyses [15]. The initial chosen criteria for evaluation were: 
1) metastatic versus non-metastatic tumors (after a five-year period of 
patient follow-up), 2) lower versus higher histological grade tumors 
(at diagnosis stage), and 3) patient status (death due to cancer or alive, 
free from cancer disease, after a five-year period of follow-up).

47 frozen samples of STS (previously evaluated by cDNA 
microarray) were investigated for the CD9, CD37, CD63, CD81 and 
CD82 gene expression; by qRT- PCR (Table 1). RNA was obtained 
using the Trizol method (Life Technologies, Carlsbad, CA) and first-
strand cDNA was synthesized with High-Capacity cDNA Reverse 
Transcription Kit (Life Technologies). The synthesis was performed 
from 2 µg of total RNA samples, following manufacturer suggestions. 
The qRT-PCR reactions were performed using applied biosystems 
7900HT Fast Real-Time PCR System (Life Technologies).

The PCR assays were performed as previously described [16]. The 
assays (Life Technologies) selected for our target genes were: CD9 
(Hs 00233521_m1), CD37 (Hs 01099648_m1), CD63 (Hs 00156390_
m1), CD81 (Hs 01002167_m1) and CD82 (Hs 00356310_m1). 
β-actina (4326315E), GAPDH (4326317E), B2M (4326319E), HPRT 
(4326321E), TBX (4326322E) were used for housekeeping controls. 

Quantitative real-time PCR reactions were performed in triplicate 
and we used a pool of RNAs samples obtained from 15 different 
human cell lines as reference [13]. Analysis was performed using the 
∆∆CT method, using the SDS 3.0 software (Life Technologies).

Tissue microarray (TMA) and Immunohistochemistry
For the immunohistochemical (IHC) evaluation of protein 

expression, two paraffin blocks of Tissue microarray (TMA) containing 
227 paraffin-embedded STS samples (including the samples evaluated 
by cDNA microarrays and qRT-PCR) were constructed as previously 
described [17]. All antibody dilution was standardized and evaluated 
in conventional slides for evaluation of TMA viability and protein 
analysis in our tissues. The slides contained representative samples of 
the STS tissues. We decide to perform IHC in TMA slides because the 
evaluation of all 227 samples could be carried out simultaneously. The 
same conditions were applied in all cases, decreasing the variation 
or bias on the test results. The immunohistochemistry test was also 
performed on TMA slides, which contained the normal soft tissue, 
collected from autopsies.

The IHC tests for CD9, CD 37, CD63, CD81 and CD82 were 
carried out as described previously [18]. The immunostaining was 
evaluated independently by two pathologists (IWC and FAS), and 
scored semi-quantitatively by assessing the intensity of staining and 
frequency of positive tumor cells [17,18]. The intensity of staining 
was divided in four groups in terms of cytoplasmic and/or membrane 
staining: 0 = negative; 1 = weak; 2 = moderate; and 3 = strong. The 

Histological tumor type Immunohistochemical Number of samples cDNA Microarray Number of samples Real – Time PCR Number of samples

Pleomorphic sarcoma 45 17 14

Synovial sarcoma 50 19 14

Liposarcoma 35 05 03

Fibrosarcoma 11 06 03

Leiomyosarcoma 52 19 09

Alveolar sarcoma 02 02 02

MPNST 04 05 02

Mixofibrosarcoma 12 - -

Others types 16 - -

Total of samples 227 73 47

Table 1: Histological types of the samples evaluated in this study.
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frequency scores of immunostained cells were ranked into four 
groups: 1) less than 10%; 2) 10% to 50%; 3) 50% to 90%; 4) more 
than 90% of tumor cells. A combined score ranging from 0 to 12 was 
calculated by the multiplication of (intensity scores) and (frequency 
scores), defining four groups: negative (scores 0-2), weakly positive 
(scores 3-4), moderate (scores 5-8) and strongly positive (scores 
9-12). Two groups were studied for Statistical analysis: Negative (0-
4, including negative and weakly positive) and positive (moderate 
and strongly positive). In the case of any discrepancy arising between 
scores determined by the two observers (FAS and IWC), the average 
score was considered.

Statistical analysis 
Fisher’s exact test was used to compare the clinical pathological 

data of patients (age, sex, ethnic, histological tumor type and size, 
histological grade, metastasis, local recurrence and survival) together 
with the IHC and qRT-PCR expression data. The χ2 test was used to 
evaluate the differences between the groups of categorical variables. 
Overall and Recurrence Free Survival rates were calculated using the 
Kaplan–Meier method, based on a follow-up period of 5 years for 
all patients included in this study. A Log rank test was used in the 
multivariate analysis. All calculations were done using the Graph 
Pad Prism 5.0 statistical software (La Jolla, CA, USA) and SPSS for 
Windows (SPSS Inc. Chicago, IL, USA), with a confidence interval 
of p≤0.05.

Results
Mathematical analysis of cDNAs microarray and 
tetraspanins gene expression

Based on data which demonstrates patient age range as being 
between 13 to 86 years (mean 40 ± 7, 0 years) together with a follow-

up period of more than five years (1983 – 2006). We observed the 
following results: 

There is no gender predominance (49% female and 51% male) in 
our samples. 73% of patients were Caucasian, 22% were black and 5% 
unknown. Tumor sizes ranged from 1.3 cm to 13 cm, metastasis and 
local recurrence were observed in 53% and 35% of cases, respectively. 
From the patients studied 36% died from cancer, 45% are still alive 
(30% are cancer free and 15% are still living with cancer) and 19% 
remain unknown (patients were not found). The supplementary 
material shows data by histological tumor type and statistical analyses.

The data from the cDNA microarrays were analyzed 
mathematically with regards to the TSPAN web presence and 
expression. Results showed a lack, or change, in linear correlation of 
several of the TSPAN gene pairs. Data from cDNA microarray analyses 
were selected for validation by qRT-PCR and immunohistochemistry. 
Our chip was used in the human cancer genome project and 
represents approximately 4,800 genes involved in carcinogenesis. We 
searched for the gene names using the NCBI (National Center for 
Biotechnology Information) gene bank for reference.

A transcriptional profile of the molecules evaluated in all tumor 

Figure 1: Profile of CD9, CD37, CD63, CD81 and CD82 tetraspanins gene 
expression. Graphic representation of CD9, CD37, CD63, CD81 and CD82 
tetraspanins transcriptional expression among different histological types of 
tumors evaluated by qRT-PCR. LMS: Leiomiosarcomas; LPS: Liposarcomas; 
AS: Soft part alveolar sarcomas; PS: Pleomorphic Sarcomas; SS: Synovial 
Sarcomas; MPNST: Malignant Peripheral Nerve Sheath Tumors; FS: 
Fibrosarcomas. 

Figure 2: Tetraspanins expression according to clinicopatological features. 
In the graph A, CD81 relative expression values obtained considering high 
(High) and low (Low) grade tumors by qRT-PCR (p<0, 05). B, CD37 relative 
expression values obtained considering presence (Yes) or absence (No) of 
metastasis. C, CD82 relative expression values obtained for synovial sarcoma 
(SS) and pleomorphic sarcoma (SP). D, Values of relative expression of 
CD81 and CD37 obtained in synovial sarcoma (SS) and leiomyosarcoma 
(LMS) by qRT-PCR. Statistical significance is indicated (p value).
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types can be seen in Figure 1. CD81 showed a differential expression 
between high and low histological grade tumors. High-grade tumors 
showed a downregulation of CD81 transcriptional level (p=0.0121, 
Figure 2A). Similar results were identified between metastatic and 
non-metastatic tumors. Regarding CD37, the expression level 
was significantly higher in non-metastatic when compared to the 
metastatic tumors (p=0.0315, Figure 2B).

When comparing histological types, CD81 and CD37 were 
upregulated in leiomyosarcomas compared to synovial sarcomas 
(p=0.0186 and p=0.0409, respectively) (Figure 2C). CD82 was 
upregulated in pleomorphic sarcomas when compared with synovial 
sarcomas (p=0.004) (Figure 2D). All TSPAN transcripts showed 
downregulation in synovial sarcomas.

No significant differences (p>0.05) were obtained for 
transcriptional expression with CD9, CD37, CD63, CD81 and CD82 
tumors with regards to age, gender, ethnicity, local recurrence and 
survival. 

CD9, CD37, CD63, CD81 and CD82 protein expression
CD63, CD81, CD82 showed both membrane and cytoplasmic 

reactivity. CD9 showed exclusively membrane staining. 
Immunohistochemical (IHC) analysis showed a strong expression 
of CD63 protein in 71% (32 out of 45 samples) of pleomorphic 
sarcomas, 66% (33 out of 50 samples) of synovial sarcomas and 65% 
(34 out of 52 samples) of leiomyosarcomas (Figure 3A-C). Alveolar 
soft part sarcomas (2 out of 2 samples), malignant peripheral nerve 
sheath tumors (MPNST) (2 out of 4 samples) and fibrosarcomas (3 
out of 11 samples) showed positive CD63 staining. Liposarcoma did 
not show CD63 expression. CD37 protein expression was negative in 
all evaluated tumors. Table 2 and Figure 4 show the percentage and 
scores of IHC positive samples.

IHC analysis for CD81 and CD82 showed weaker intensity of 
staining compared to other TSPAN (Figures 3D and 3E, respectively). 
Only 11% (5 of 45 samples) of evaluated pleomorphic sarcoma 
samples showed CD82 expression, followed by 2% (1 of 50 samples) 
of synovial sarcoma and 25% (1 of 4 samples) of MPNST. CD81 
was found in 15% (8 out of 52 samples) of Leiomyosarcoma, 10% 
(5 of 50 samples) of synovial sarcoma and 13% (6 of 45 samples) 
of pleomorphic sarcoma. No expressions of CD81 or CD82 were 
detected in liposarcoma, alveolar soft part sarcomas, fibrosarcoma 
and myxofibrosarcoma. In addition, leiomyosarcoma did not show 
any positive staining for CD82.

CD9 showed a moderate intensity pattern of expression in 29% 
(15 out of 52 samples) of leiomyosarcomas (Figure 3F), 28% (10 

Figure 3: Photomicrography representation of CD9, CD63, CD81 and CD82 tetraspanins in samples of Soft Tissue Sarcomas. Immunohistochemical reaction 
showing samples stained for tetraspanins (200 and 400X). CD63 positive reactions are showed in the panels: A (sample of pleomorphic sarcoma), B (synovial 
sarcoma) and C  (leiomyosarcoma). Panel D shows a positive sample for CD81 from synovial sarcoma. Panel E shows a CD82 positive sample in a MPNST. CD9 
positives samples are presented in the panels: F (leiomyosarcoma), G (pleomorphic sarcoma) and H (synovial sarcoma). Panel I shows negative sample for CD63.

Histological tumor 
type

Cases / Total samples (percentage of positive 
samples)

CD9 CD63 CD82 CD81

Pleomorphic sarcoma 10/45 (22%) 29/45 (71%) 5/45 (11%) 6/45 (13%)

Synovial sarcoma 11/50 (22%) 33/50 (66%) 1/50 (2%) 5/50 (10%)

Liposarcoma 10/35 (28%) - - -

Fibrosarcoma 3/11 (28%) 3/11 (28%) - -

Leiomyosarcoma 15/52 (29%) 34/52 (65%) - 8/52 (15%)

Alveolar sarcoma - 2/2 (100%) - -

MPNST 3/4 (75%) 2/4 (50%) 1/4 (25%) 1/4 (25%)

Mixofibrosarcoma 2/12 (17%) 4/12 (33%) - -

Others types 1/16 (6%) 8/16 (50) - -
Total  of  positive 

cases 55 115 7 20

Table 2: Number of positive cases (moderate and strong staining) for the CD9, 
CD63, CD81 and CD82 tetraspanins according to different histological types of 
soft tissue sarcomas evaluated by IHQ.
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out of 35 samples) of liposarcomas, 22% (10 out of 45 samples) of 
pleomorphic sarcomas (Figure 3G) and 22% (11 out of 50 samples) of 
synovial sarcomas (Figure 3H). Alveolar soft part sarcomas showed 
negative for this protein expression (Figure 3I).

No significant association between clinical pathological data 
and IHC results were found (p>0.05), although we found a tendency 
of expression similar to that described for mRNA. CD63 showed a 
marginal p value (p=0.053; Figure 5) associated with disease-free 
survival.

Concerning to correlation between protein and gene expression, 
Spearman tested showed positive correlation for CD9 (in the SS, PS 
and LMS samples) and CD63 (in the SS samples).

Discussion
This study provides the first available evidence of a TSPAN 

expression profile in STS, both at protein and mRNA levels. Our aims 
were to verify these molecule expressions in STS, as some histological 
types of tumor had shown an increased aggressiveness compared to 
others. In addition, it was also known that a reduced or lack of TSPAN 
expression was commonly found in metastatic lesions and poorer 
prognosis carcinomas [19-22]. In this study, immunohistochemistry 
was performed in 227 FFPE (Formalin Fixed Paraffin Embedded) 
tissue samples and their transcript expression was assessed in 47 
samples of frozen tissue. Considering that STS are rare tumors, these 
numbers are significant and our results contribute greatly to the 
understanding of these neoplasms.

We were able to detect and evaluate most of the selected TSPAN. 
Although immunohistochemical results did not show a statistically 
significant association with evaluated clinical parameters, the protein 
levels demonstrated a higher trend of expression in tumors with 
a good prognosis (without metastasis or local recurrence, lower 
histological grade and disease-free patients).

The histological grade of differentiation is very important in 
STS diagnosis, since sarcoma staging is based on tumor grade, size 
and location [1,2]. We observed that lower grade tumors presented 
higher quantities of CD81 transcript. This TSPAN, also called 
TAPA-I, has been described as a target for the anti- proliferative 
monoclonal antibody [23]. CD81 is an endothelial lateral junction 
component, which is implicated in the regulation of cell motility 
and adhesion in lymphocytes. It may also induce astrocytes cell 
arrest after brain damage [24]. Over expression of CD81 also reduces 
viability and motility in multiple myeloma cell lines [5,7,22]. Our 
results corroborate with the data literature, since several types of poor 
prognosis carcinomas showed a lack of CD81 expression [16,19,22]. 
This suggests the same prognosis value in sarcomas.

In this study, metastatic tumors showed a lower transcript 
expression of CD37 when compared to non-metastatic tumors. The 
expression of CD37 has been previously described as being restricted 
to B and T lymphocytes, monocytes, macrophages, neutrophils, 
dendritic cells and some malignant cells derived from leukocytes 
[25,26]. CD37 expression on human B cells is able to associate non-
covalently, with other TSPAN such as CD53, CD81, and CD82 [27]. 
Some authors suggest that CD37 could potentially be a therapeutic 
target for B- cell malignancies, with the use of small modular 
immunopharmaceuticals creating a novel class of therapies [28]. 
Other latter reports show that the CD37 gene is hypo methylated in 
mantle cell lymphoma, resulting in changes in mRNA levels. Hypo 
methylation of promoting regions of this gene, might be one reason 
for the lack or lower expression of this protein in our samples [29]. 
Although we did not perform hypo methylation analysis on any 
TSPAN in this study, investigation might be relevant. The results of 
CD81 and CD37 together, may play an important role in determining 
a good prognosis for sarcomas, since higher transcript expression 
levels were detected in lower grade or non-metastatic tumors.

Figure 5: Kaplan-Meier curves showing the disease free survival rates 
(months) of patients with STS in relation to CD63 expression status analyzed 
by IHC. Only marginal p values were observed (0.053).

Figure 4: Profile of CD9, CD37, CD63, CD81 and CD82 tetraspanins protein 
expression. Graphic representation of CD9, CD37, CD63, CD81 and CD82 
tetraspanins IHC positive expression (strong and moderate) among different 
histological types of tumors. LMS: Leiomiosarcomas; LPS: Liposarcomas; 
AS: Soft part alveolar sarcomas; PS: Pleomorphic Sarcomas; SS: Synovial 
Sarcomas; MPNST: Malignant Peripheral Nerve Sheath Tumors; FS: 
Fibrosarcomas. 
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Histological tumor type was also an important parameter, which 
we considered in these tumors and a comparative analysis of the 
TSPAN expression in all histological tumor types were performed. 
All synovial sarcomas and pleomorphic sarcomas in this study 
were of a high grade; although all the other tumor types comprised 
heterogeneous tumor grades. The expression of CD81 and CD37 
mRNA were significantly higher in leiomyosarcomas when compared 
to synovial sarcomas. We hypothesized that this fact may be due to 
differences in the histological grade of the tumors, since all synovial 
sarcomas, samples present a high histological grade.

CD82, an important metastasis suppressor [5,7,30,31], showed 
a lower expression in synovial sarcomas compared to pleomorphic 
sarcomas. The same transcriptional expression profile was obtained 
with all the other TSPAN evaluated, although without any significant 
value. The differential profiles of TSPAN expression among synovial 
sarcomas and other histological types may be explained by differences 
in origin and cellular differentiation pathways, or by the inherently 
higher histological grade of synovial sarcomas.

CD9 and CD63, which have been widely discussed in literature, 
did not show any significant, statistical differences in transcript or 
protein expression levels within the analyzed groups. Molecules 
however, did present a trend of lower expression in our tumor samples, 
with poorer prognosis with marginal p value. Studies showed that 
metastatic melanoma lesions lack CD63 expression, but have a high 
expression in precursor lesions of melanoma [32,33]. Here, we found 
CD63 showing a slight trend associated with disease free survival. 
CD9 expression in tumors has demonstrated itself to be a good 
prognostic factor in breast, lung, colonic and pancreatic carcinoma 
[34,35]. Our group showed a CD9 downregulation associated with 
aggressive behavior in oral squamous cell carcinoma [18]. Another 
report has shown the CD9 differential expression in tumors is the 
result of changes to its 5´UTR region. These authors have found 
not only a reduction in CD9 mRNA expression, but also a distinct 
quantitative shift toward the long 5´ UTR in CD9 receptor negative 
cells [36]. This data allows us to state, that a lack of this protein might 
represent important alterations in cytoplasm pathways. Furthermore, 
an it could result in tumor aggressiveness, which brings this marker 
to a correlation with a good prognosis.

In the light of these results, TSPAN seems to present a defined 
pattern of expression in STS and their expression correlates with good 
prognosis. Particularly, CD37 and CD81, which show themselves 
to present higher expression in tumors with better prognosis (no 
metastatic and lower grade tumors). Thus, these two proteins may 
represent new prognostic markers in soft tissue sarcomas.
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