MOLECULAR MEDICINE REPORTS 3: 441-448, 2010

Several types of soft tissue sarcomas originate from the malignant
transformation of adipose tissue-derived stem cells
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Abstract. The cellular origin of soft tissue sarcomas (STSs)
is not fully understood. The cancer stem cell hypothesis
presumes that tumors originate from the malignant trans-
formation of stem cells. As a type of multipotent stem cell,
adipose tissue-derived stromal/stem cells (ADSCs), which
possess an unexpected degree of plasticity and often reside in
other tissues, may represent a potential source of soft tissue
sarcoma. To ascertain whether ADSCs are responsible for
the formation of STSs, ADSCs from mice were cultured and
treated with 3-methycholanthrene to derive transformed cells.
These transformed ADSCs were then injected subcutaneously
into immunodeficient mice to test their tumorigenic potential.
We found that they generated several types of STSs, including
synovial sarcoma, malignant fibrous histiocytoma and fibro-
sarcoma. This is the first study to report that ADSCs may
be the potential initiating cells for synovial sarcoma. Our
findings indicate that STSs might originate from malignantly
transformed ADSCs.

Introduction

The cancer stem cell hypothesis has gained significant recog-
nition as the descriptor of tumorigenesis and the cellular origin
of tumors. It is well known that multipotent adult progenitor/
stem cells can differentiate into diverse cellular lineages and
can be recruited to areas of profound tissue injury, while in
some settings they may also initiate malignant transformation.
Therefore, it is believed that tumors might originate from the
malignant transformation of their tissue-specific stem cells
(1,2). The discovery of multipotent progenitor/stem cells with
the capacity for self-renewal raises the possibility that cancer
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stem cells arise from the stem cells of other tissues and initiate
other cancer types, including solid cancers (3). There was no
experimental evidence regarding the contribution of tissue
stem cells other than the tissue of origin to tumor formation
until Houghton et al (4) found that gastric cancers originate
from bone marrow-derived sources, proposing mesenchymal
stem cells (MSCs) as the most likely candidate. Recent studies
have also indicated that malignantly transformed MSCs give
rise to different types of tumors in vivo (5-7). In addition,
as a type of multipotent adult progenitor/stem cell, adipose
tissue-derived stromal/stem cells (ADSCs), which possess an
unexpected degree of plasticity and often reside in other tissues
(8,9), may represent potential initiating cells of malignancy,
including soft tissue sarcomas (STSs). ADSCs harvested from
adipose tissue are a type of multipotent progenitor/stem cell
that were found to have an equal potential to differentiate into
cells and tissues of mesodermal origin, such as adipocytes,
cartilage, bone, skeletal muscle and tendons, when cultivated
under lineage-specific conditions (10,11).

STSs, which constitute less than 1% of adult solid tumors,
are considered to be the most aggressive form of malignancy.
Research has indicated that STSs are putative mesenchymal-
derived tumors arising predominantly from the embryonic
mesoderm (12-14). However, to date, the specific tumor-initiating
cells of STSs remain unknown. A considerable volume of recent
evidence indicates that transformed bone marrow mesenchymal
stem cells (BMMSCs) produce tumors, including carcinoma
and sarcoma, and may be responsible for the development of
STSs (7,14-18). Due to the similar biological characteristics of
ADSCs and BMMSCs, we considered that ADSCs are poten-
tially more likely be the specific tumor-initiating cells of STSs
than BMMSCs. To demonstrate this hypothesis, we treated
ADSCs with 3-methycholanthrene (MCA), a potent carcinogen,
to derive transformed ADSCs, then studied the characteristics
of the transformed ADSCs in vitro and in vivo.

Materials and methods

Isolation and culture of ADSCs from mice. Subperitoneal
adipose tissues were cut from the abdomens of 3- to
6-week-old Balb/C mice (Experimental Animal Centre of Sun
Yat-Sen University, Guangzhou, P.R. China) under sterile
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Table I. Sequence of the PCR primers.
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Gene Primer sequence Product size (bp)
p53 exon 5-6 F: 5-CCTTGACACCTGATCGTTACTCG-3' 507
R: 5~ AGAAAGTCAACATCAGTCTAGGC-3'
p53 exon 7 F: 5-TGTGCCGAACAGGTGGAATATCC-3' 322
R: 5-ACTCGTGGAACAG AAACAGGCAG-3'
p53 exon 8-9 F: 5'-GGCCTAGTTTACACACAGTCAGG-3' 495
R: 5-CACGGCTAGAGATAAAGCCACTG-3'
[B-actin F: 5-"TGGCACCACACCTTCTACAATGAGC-3' 396

R: 5'-GCACAGCTTCTCCTTAATGTCACGC-3'

conditions and placed in phosphate-buffered saline (PBS).
Blood vessels and fibrous materials were cut off and
discarded. After extensive washing with PBS, the tissue
samples were cut into small pieces and digested using a
modification of the method described by Zuk er al (10,11).
The samples were then incubated with intermittent agitation
for 45-60 min in calcium- and magnesium-free PBS, pH 7.4,
containing 0.75 mg/ml collagenase. After dispersion, the
cells were filtered through a 250-ym mesh and centrifuged
at 1,000 x g for 10 min at room temperature. Collagenase
digestion of adipose tissue resulted in the formation of two
distinct fractions: floating mature adipose cells and sedi-
mented stromal-vascular cells. These latter were the source
of the ADSCs. After the floating fat cells were removed by
aspiration, the sedimented cells were resuspended in 160 mM
NH,CI and incubated for 10 min at room temperature to lyse
contaminating red blood cells. Centrifugation was repeated
as above, and the resulting solution was filtered through a
100-pm metal mesh to remove cellular debris, then transferred
to a 75 cm? flask (Corning) containing medium and incubated
in an atmosphere of 5% CO,/95% air at 37°C. Following the
first 24 h of incubation, the cultures were washed with PBS to
remove non-adherent and retaining adherent cells as ADSCs.
The cells were selected by their plastic adherence and rapid
proliferation. ADSCs were cultured in Dulbecco's modifed
Eagle's medium (DMEM; Gibco) containing 10% FCS
(Lanzhou Minhai Bio. Co., P.R. China), 2 mM glutamine,
100 U/ml penicillin and 100 pg/ml streptomycin (Gibco).
Upon achieving 85% confluence, the cells were treated with
trypsin (0.25% in 5 mM EDTA) for 5 min at 37°C, washed
with culture medium, sedimented (600 x g) for 10 min at room
temperature, and finally plated into culture plates or flasks for
further culture.

Induction of ADSCs with MCA. Primary ADSCs were
cultured for 10-14 days in the above-mentioned medium.
Upon achieving 80-90% confluence, they were passaged and
randomly divided into two groups. The first group of ADSCs
was treated with 1 yg/ml MCA (Sigma) in culture medium for
1 week, then continually cultured in medium without MCA.
MCA was dissolved in dimethyl sulfoxide (DMSO; Sigma) to
yield a stock solution of 200 ug/ml, which was stored in the
dark at 4°C (15) then added to the medium for a final concen-
tration of DMSO of 0.5%. The second group was treated with

0.5% DMSO as the control. In order to verify whether ADSCs
treated with MCA were transformed, morphological changes
were observed daily under an inverted microscope.

Isolation of a single clone. Transformed ADSCs were serially
diluted into expansion medium in 96-well plates so that only
a single clone was expanded. Once the single cell in a well
had multiplied and achieved 90% confluence, the cells were
transferred to culture flasks for propagation.

Immunocytochemistry of transformed ADSCs. Transformed
ADSCs were cultured in 3.5-cm dishes. Upon achieving
80-90% confluence, they were fixed with 4% paraformalde-
hyde for 15 min, followed by washing three times for 2 min
each with PBS. Endogenous peroxidase activity was quenched
in 3% H,0, for 15 min. The cells were then permeated in 0.25%
Triton X-100 for 15 min with primary antibodies (Beijing
Zhongshan Jingiao Co., P.R. China) including pan-cytokeratin
(pan-CK) (1:1), proliferating cell nuclear antigen (PCNA)
(1:1), blood vessel endothelial growth factor-c (VEGF-c) (1:1)
and vimentin (1:50), then incubated in a humidity chamber
at room temperature for 2 h. A broad spectrum secondary
antibody staining kit was used (SP-9000; Beijing Zhongshan
Jingiao Co.) with 3-amino-9-ethyl carbazole (AEC; Beijing
Zhongshan Jingiao Co.) as the chromagen. The samples were
finally observed under a high-power optical microscope.

Chromosome preparation and analysis. In order to get
the message of the chromosomes to the transformed cells,
chromosome preparation was carried out following routine
methods and procedures (19). Once the procedures had been
completed, the slide samples were harvested and observed
under a microscope.

DNA amplification and sequencing of the p53 gene. Genomic
DNA was isolated from transformed ADSCs using a genomic
DNA isolation kit [Universal Genomic DNA Extraction kit
ver. 3.0, Takara Biotechnology (Dalian) Co. Ltd.] according
to the manufacturer's instructions. The primers for PCR were
synthesized at the Shanghai Sangon Biological Engineering
Technology & Services Co. Ltd. PCR was performed for exons
5-6, 7, and 8-9 of p53 in a KP-TC48 thermal cycler (Hybribio
Ltd.). B-actin primers were used as a positive control for the
presence of DNA. Primer sequences are listed in Table I
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Fragments were individually amplified in PCR reaction
mixtures (50 pl) containing 10 mM Tris (pH 8.6), 50 mM KCl,
1.5 mM MgCl,, 0.4% DMSO, 0.2 mM dNTPs, 0.4 mM of each
primer, 50 ng of genomic DNA and 5 units of Taq polymerase
(Takara Taq™, Takara Biotechnology Co. Ltd.. Cycling
conditions were as follows: an initial 3 min at 95°C, followed
by 33 cycles (95°C, 1 min/55°C, 1 min/72°C, 1 min) and a final
5-min step at 72°C. Amplified fragments were visualized on
a 1.5% agarose gel stained with ethidium bromide and photo-
graphed. The PCR products of p53 exons 5-9 were sequenced
directly by Shanghai Sangon Biological Engineering
Technology & Services Co. Ltd. using an ABI PRISM 3730
sequencer with BigDye terminator reagent. All samples were
tested by simultaneous bi-directional sequencing.

Tumorigenesis in vivo. Approximately 4-5x10° transformed
ADSCs or normal ADSCs were injected subcutaneously into
4-week-old immunodeficient Balb/C mice. Equal amounts of
cells from each of 8 monoclonal lines were transplated into
mice (Experimental Animal Centre of Guangzhou, University
of Chinese Traditional Medicine, Guangzhou, P.R. China).
Some mice were injected with control ADSCs, pre-treated
with DMSO only.

Tissue collection and histological analysis. Most tumors
appeared in the mice at the site of injection within 8 weeks,
and the mice were sacrificed at 12 weeks after injection.
The tumors were removed and fixed in 10% neutral-buffered
formalin for 24 h and embedded in paraffin for analysis.
Tumors were sectioned (4 ym) and stained using routine H&E.

Figure 1. Characteristics of the ADSCs. (A) Primary cultured ADSCs.
(B) ADSCs differentiated into droplets containing adipocytes. (C) ADSCs
stained by alkaline phosphatase after osteogenic induction. (D) A nodule of
calcification stained by von Kossa after osteogenic induction. (E) Neuron-like
cells in the culture dish after f-mercaptoethanol induction. Magnification in
A,B.,C and E, x40; in D, x100.

In order to identify the tumor types, histology was performed
in combination with various immunostaining procedures.
Immunochemistry was carried out using standard protocol.
Primary antibodies (Beijing Zhongshan Jingiao Co.) included
the following: actin (1:1), CD34 (1:1), CD68 (1:1), pan-CK
(1:1), desmin (1:50), epithelial membrane antigen (EMA)
(1:1), lysozyme (1:1), PCNA (1:1), smooth muscle actin (SMA)
(1:1), S-100 (1:1) and vimentin (1:50). Immunodetection was
performed using the SP-9000 kit. The counterstain of prefer-
ence for nuclear details was hematoxylin.

Results

ADSC morphology and stem cell characteristics. ADSCs
were obtained from the abdomens of 3- to 6-week-old
mice and were isolated based on their plastic adherence.
Hematopoietic stem cells (HSCs) and other non-adherent cells
were removed with changes of the medium. Primary ADSCs
displayed typical fibroblast-like morphology and were main-
tained for long-term culture in vitro (10,11,20) (Fig. 1A),
and were capable of differentiating into adipocytes (Fig. 1B)
and osteogenic cells (Fig. 1C and D) under specific induction
(10,21). These cells were induced into neuron-like cells by
[-mercaptoethanol (Fig. 1E). The induction protocol was the
same as previously described (22), and the neuron-like cells
expressed neuron phenotypes (data not shown). These experi-
ments demonstrated that the cultured ADSCs possessed the
characteristics of multipotent differentiation (10,11).
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Figure 2. Characteristics of the transformed ADSCs. (A) Morphological characteristics of ADSCs before MCA treatment. (B) Morphological changes in the
transformed ADSCs, cellular and nuclear atypia (stained with hematoxylin). (C) Increased number of nucleoli (stained with Giemsa). (D) Multicellular spher-
oids formed from the transformed ADSCs. Transformed ADSCs were positive for (E) PCNA, (F) VEGF-c and (G) vimentin. (H) Chromosome alterations in a
transformed ADSC. (I) Tumor formation from transformed ADSCs. Bars: A, 100 ym; B, C and D, 50 ym; E, F and G, 70 ym.
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Figure 3. Mutation of p53. (A) The mutation site of exons 5-6 was NT 34907052
(T-G). (B) The mutation site of exons 8-9 was NT 34908188 (C-T).

Malignant transformation of ADSCs. ADSCs treated as
described previously with MCA were successively cultured for
4 months. A number of cells demonstrating the properties of
malignant transformation appeared, showing morphological
changes, rapid growth (almost without platform stage, with
a cell doubling time of ~24 h), loss of contact inhibition and
loss of polarity (Fig. 2B and C). Moreover, the transformed
cells were tested for malignancy by examination of piled-up
colonies (15), showing overlapped cells and sphere colony
formation (Fig. 2D). Untransformed cells remained as
monolayers. However, ADSCs treated only with DMSO
entered the senescence phase after 2 months of culture (data
not shown). These results were reproducible, as transformed
ADSCs were derived in three independent experiments. We
found that transformed cells possessed the characteristics of

malignant cells, and that ADSCs treated with MCA underwent
malignant transformation.

Cell markers for transformed ADSCs. During the routine
passage of transformed cells, multiple cell shapes were
frequently observed in the culture. We studied the phenotype
of the transformed ADSCs by testing for tissue-specific
markers. The cells stained positive for PCNA (Fig. 2E) and
VEGF-c (Fig. 2F), the cell markers for cancer. They were also
positive for vimentin (Fig. 2G) and SMA (data not shown), but
negative for pan-CK, indicating a mesenchymal origin.

Aneuploidy in transfomed ADSCs. Metaphase chromosomes
of transformed ADSCs were harvested as described previ-
ously and photographed under a microscope. Notably, 50 of
the 50 cells analyzed were aneuploidy, with a total chromo-
some number ranging from 47 to 99 and hypertetraploid with
a chromosome number between 81 and 99. These findings
suggest that chromosomal alterations are common events in
the progression of the malignant transformation of ADSCs. A
representative metaphase showing a transformed ADSC with
52 chromosomes is shown in Fig. 2H.

p53 gene mutation in transformed ADSCs. The PCR products
of p53 exons 5-6, 7 and 8-9 were successfully amplified,
and the mutations of these exons were further confirmed by
direct sequencing. Sequenced p53 exons 5-6, 7 and 8-9 were
compared to wt pS3 in the Genebank. Gene mutations were
identified; all were point mutations. The mutation site of
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Figure 4. Images of H&E staining and immunohistochemical analysis of the sections showed a synovial sarcoma tumor type (biphasic type). (A) Gland-
like lacune structure. (B) A considerable number of hemangiopericytoma-like structures in poorly differentiated areas. (C) Adenocarcinoma-like structure.
Immunohistochemical images for (D) pan-CK, (E) EMA and (F) vimentin were diffusely positive. Bars: A, C, D, E and F, 25 ym; B, 100 ym.

exon 5-6 was NT 34907052 (T-G) (Fig. 3A), the mutation of
exon 7 was not found, and the mutation site of exon 8-9 was
NT 34908189 (C-T) (Fig. 3B).

Transformed ADSCs produced STSs in vivo. Transformed cells
were injected subcutaneously into immunodeficient mice and
formed tumors in 16 of the 18 animals. Most tumors appeared
at the site of injection within 6-10 weeks (Fig. 2I), whereas mice
inoculated with ADSCs treated only with DMSO did not form
tumors. Tumor tissues were analyzed by histology and immuno-
histochemistry to identify tumor type. Sixteen tumors displayed
various sarcoma characteristics. Two of the 16 tumors exhibited
a biphasic, spindle- and epithelial-appearing form and gland-like
(Fig. 4A), hemangiopericytoma-like (Fig. 4B) and adenocarci-
noma-like structures (Fig. 4C). Immunohistochemical results
revealed that these tumors were locally positive for pan-CK
(Fig. 3D), EMA (Fig. 4E) and vimentin (Fig. 4F). Results for
S-100 protein, actin, CD34, CD68, desmin, lysozyme and
SMA were negative (data not shown). These characteristics
were consistent with synovial sarcoma (biphasic type) (23).
Fourteen of the 16 tumors displayed histopathological char-
acteristics of MFH (malignant fibrous histiocytoma, giant
cell type) (24-26), with histiocytic and fibroblastic elements
arranged in a vague storiform pattern (Fig. 5SA). Most of the
tumor cells had moderate pleomorphic nuclei. Scattered bizarre
cells and a great number of giant cells were noted (Fig. 5B).
Immunohistochemical results showed that they were strongly
positive for PCNA (Fig. 5C), lysozyme (Fig. 5D) and desmin
(Fig. 5E), and partly positive for CD68 (data not shown). No

cells reactive to SMA (Fig. 5F), EMA, CD34 and pan-CK were
observed in the tumors.

In addition, we isolated 8 monoclonal lines from transformed
ADSCs and determined their tumorigenic potential. Each of
the 8 monoclonal lines was transplanted into one mouse, and
4 of the 8 clonal lines eventually produced tumors. According
to the histologic characteristics and the immunohistochemical
data, one tumor was verified to be synovial sarcoma (biphasic
type) and one was MFH (giant cell type), while the other two
tumors showed a herring bone-like appearance. The cells
of these two were characterized by elongated pleomorphic
nuclei, though giant cells were not found (Fig. 6A and B). The
immunohistochemical results showed that the tumors were
strongly positive for vimentin (Fig. 6C) and CD68 (Fig. 6D),
revealing them to be fibrosarcoma (27).

Discussion

There is compelling evidence to support the idea that
mesenchymal tumors arise by the transformation of an
immature ‘fibrohistocytic cell’. This evidence is derived
from studies showing that pleomorphic sarcoma cells share
their phenotypes with bone marrow-derived mesenchymal
progenitor cells (28). These same cells can be converted
into Ewing's sarcoma-like cells by the simple transfer of the
oncogenic fusion product (EWS-FLI-I) characterizing this
specific tumor (18). Although as yet unexplored, a similar
result would likely be obtained if analogous oncogenic fusion
transcripts (e.g., the liposarcoma FUS-DDIT3 or the synovial
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Figure 5. Images of H&E staining and immunochemical analysis of MFH (giant cell type). (A) Distinctive pleomorphic storiform appearance. (B) A consider-
able number of generous multinucleated giant cells. Immunochemical images for (C) PCNA, (D) lysozyme and (E) desmin were positive. (F) Immunochemical
images for SMA were negative, but normal endothelial cells were positive. Bars: A, 100 ym; B, C, D and E, 25 ym; F, 50 ym.

Figure 6. Images of H&E staining and immunochemical analysis of fibrosarcoma from a monoclone. (A) Herring bone-like appearance of tumor sections.
(B) Tumors were composed of interdigitating and interlacing bundles of spindle-shaped fibroblastic cells, which were characterized by elongated pleomorphic
nuclei. Immunohistochemical images for (C) vimentin and (D) CD68 were positive. Bars: A, 100 ym; B, C and D, 25 ym.

sarcoma SYT-SSX1) were transfected into the above cells. The Our study demonstrated that ADSCs are malignantly
characteristics of ADSCs are similar to those of bone marrow-  transformed by MCA induction in vitro. Transformed ADSCs
derived mesenchymal progenitor cells or BMMSCs (10,11), gave rise to different tumor types in vivo when inoculated
and may be converted into sarcomas by a specific method. in nude mice. Therefore, we presume that it is possible for
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multipotent tumor stem cells to exist in transformed ADSCs.
This idea is also supported by recent findings regarding the
initiation of tumors and the cancer stem cell hypothesis of
neoplasias. Studies have confirmed that stem-like cells (tumor
stem cells) are present in the pathogenesis of leukemia, breast
and brain tumors (29-31). Demonstration of stem-like cells
in these tumors provided further support for the stem cell
theory of carcinogenesis, from hematologic and ectodermal
tumors to mesenchymal tumors (15,29-31). The discovery
of multiple types of cancer stem cells suggests that certain
tumors containing multiple germ layers may be associated
with multiple cancer stem cells. Our study showed that trans-
formed ADSCs express vimentin, the marker for mesoderm,
and cytokeratin, the marker for epithelium in vivo, at least two
germ layers. Monoclonal transformed ADSCs also produced
cells that expressed vimentin and cytokeratin in vivo. These
results indicate that transformed ADSCs possess the char-
acteristics of stem cells. Although our study indicates that
multipotent cancer stem cells are present in transformed
ADSCs, further study is needed to fully comprehend the char-
acteristics of multiple cancer stem cells.

Synovial sarcoma is believed to be a mesenchymal tumor
originating from mesenchymal stem cells. However, to date,
the exact tumor-initiating cell remains unknown (23). In
the present study, we for the first time verified that synovial
sarcoma originates from ADSCs. In our experiment, some
tumors showed a biphasic, spindle- and epithelial-like appear-
ance, and a gland-like lacune structure formed by epithelial
cells. These tumors showed cytoplasmic staining for pan-CK
and vimentin, and were also membrane reactive for EMA. It is
well known that the diagnosis of synovial sarcoma relies upon
histologic and immunohistochemical features. In this case,
histologic and immunochemical results were consistent with a
finding of synovial sarcoma (23). Therefore, these tumors were
considered synovial sarcoma of the biphasic type. In addi-
tion, our experimental results showed that synovial sarcoma
is derived from transformed ADSCs, indicating a possible
cellular origin of synovial sarcoma from ADSCs.

In this study, we provided evidence that ADSCs are the
origin of MFH, which is currently considered a high-grade
undifferentiated pleomorphic sarcoma, one of the most diffuse
and highly aggressive tumors among soft tissue sarcomas in
adults. However, the specific cell elements and underlying
cell of origin of MFH remain unknown (24-26). Iwasaki et al
proposed that MFH may arise from perivascular mesenchymal
cells (24). Subsequently, other researchers proposed that MFH
is a poorly-differentiated polymorphocellular sarcoma of
fibroblastic origin (25). Recently, immortalized human MSCs
transfected with SV40-large T antigen were demonstrated to
be progenitors of MFH (26). Using a different cell origin and
different methods, we confirmed that ADSCs are also tumor-
initiating cells of MFH. Considering the similar distribution of
STSs and ADSCs in the human body and in our experimental
results, we propose that ADSCs are the optimal initiating cell
of MFH. Furthermore, we demonstrated that MFH arises from
a single clone; it was clear that multiple and polymorphocellular
cell elements of MFH have the same and only one progenitor.

To disclose the mystery of the malignant transformation
of ADSCs, genetic alterations including abnormalities of the
chromosomes and genetic mutations considered to be respon-
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sible for the development of different types of tumors were
examined (32-36). We obtained metaphase chromosomes of
transformed ADSCs and found that these cells were aneu-
ploidy, a characteristic of malignant tumors.

The p53 tumor suppressor gene encodes for a multifunc-
tional transcription factor participating in the activation of
genes that induce cell cycle arrest, DNA repair and apoptosis
following DNA damage, and is the most commonly altered
gene in a multitude of human tumors. Alterations of the p53
gene can be acquired somatically or by induction through
carcinogens; 74% of these mutations are missense, resulting in
full-length, albeit mutant, proteins. This fraction of missense
mutations is much higher than in other tumor suppressor
genes, and implies that p53 mutant proteins confer some selec-
tive advantage in carcinogenesis (33-36). The vast majority
of p53 mutations in human tumors usually occur within
four evolutionary conserved domains of the gene located
between exons 5 and 8, which contain the sequence-specific
DNA binding domain of the protein (34). One research group
examined MCA-induced mouse sarcomas for mutations in the
p53 gene in one experiment. The rate of mutations of the p53
gene in exons 5-8 was 94% (35,36). Here, we examined the
state of exons 5-9 for p53, and identified point mutations in
the p53 gene. We revealed for the first time that the mutation
site of exon 5-6 is NT 34907052 (T-G); the termination codon
changed into serine. Therefore, this alteration of the p53
codon region without a doubt changes the transcription and
expression of the p53 protein in transformed ADSCs, and the
new gain of function of the mutant p53 protein may play an
important role in the malignant transformation process. The
mutation site of exon 8-9 was NT 34908189 (C-T), but mRNA
was not expressed in this region, showing it to be a nonsense
mutation.

Our research demonstrated that malignant transformed
ADSCs induced by MCA in vitro lead to the formation of
several types of STSs in vivo, including synovial sarcoma
(biphasic type), malignant fibrous histiocytoma (giant cell
type) and fibrosarcoma. These findings reveal that many
STSs originate from ADSCs. At least one other investigation
has convincingly shown that even epithelial tumors (gastric
cancers) may arise from cells of a non-epithelial origin (4),
and that spontaneously transformed human MSCs lead to
carcinoma in vivo and express the marker for epithelium (7).
Whether this implies that all epithelial cells have the same
formation dynamics remains unknown. Our experiments were
similar to the findings of this previous study and extend the
concept that tumors originate from cells of other tissue.

In conclusion, we showed that several types of STSs, espe-
cially synovial sarcomas, may originate from transformed
ADSCs, which are an important initiating cell of various
types of STSs.
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