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Abstract

Background: Osteosarcoma is the most common type of primary bone tumor. The use of

aggressive chemotherapy has drastically improved the prognosis of the patients with non-

metastatic osteosarcomas, however the prognosis of the patients with metastasis is still very poor.

Then, new and more effective treatments for curing osteosarcoma, such as immunotherapy are

needed. Tumor-infiltrating lymphocytes (TIL) have been involved in the control of tumor

development and already assessed with success for the treatment of several cancers including

melanoma. While TIL represent a fascinating therapeutic approach in numerous malignant

pathologies, there is few report concerning adult bone-associated tumors including osteosarcoma.

Methods: Human TIL were isolated and characterized (phenotype, lytic activity) from twenty-

seven patients with bone-associated tumors (osteosarcoma, Ewing's sarcoma, giant cell tumor,

chondrosarcoma, plasmocytoma and bone metastases). Similar experiments were performed using

rat osteosarcoma model.

Results: While TIL with a main CD4+ profile were easily isolated from most of the tumor samples,

only TIL extracted from osteosarcoma were cytotoxic against allogeneic tumor cells. In all cases,

TIL lytic activity was significantly higher compared to autologous peripheral blood leukocytes.

Similar data were observed in rat osteosarcoma model where TIL were characterized by a main

CD4+ profile and high lytic activity against allogeneic and autologous tumor cells. Moreover, rat TIL

expansion was not accompanied by refractoriness to further activation stimulus mainly by tumor

antigens.

Conclusion: These results demonstrated that TIL therapy could be a very efficient strategy for

the treatment of adult osteosarcoma.
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Background
Primary or secondary malignant bone tumors represent a
major therapeutic challenge in medical oncology. Despite
efficiency of conventional treatments by chemo- and radi-
otherapy, long-term outcome of the patients suffering
from malignant bone tumors remains poor. Among them,
osteosarcoma is the most frequent primary bone tumor.
Indeed, the current strategy for the treatment of high-
grade osteosarcoma is based on neo-adjuvant chemother-
apy, delayed en-bloc wide resection and adjuvant chemo-
therapy adapted to the histologic profile of the tumor
tissues removed during surgery [1]. While marked
improvements in surgery and the development of differ-
ent regimens of multidrug chemotherapy over the past 25
years, the survival remains around 55 to 70% after 5 years
[2,3]. Furthermore, the prognosis is worse in the patients
with non-extremities localization, advancing age, radio-
induced osteosarcoma and those arising from Paget's dis-
ease of bone, representing 40% of the entire osteosarcoma
population. In addition, the patients with metastatic oste-
osarcoma at the time of diagnosis have poor survival sta-
tistics (30% at 5 years). All these findings suggest necessity
of establishing new therapeutic strategies to improve the
overall rate of survival, especially in high-risk sub-groups.

Among the potential new therapeutic strategies, immuno-
therapies are based on the up-regulation of the immune
response in tumor-bearing host. Two therapeutic
approaches can be distinguished: (i) active immunothera-
pies that elicit immune response against tumor cells in
tumor-bearing host (including pulsed dendritic cells and
cytokine treatments), (ii) passive or adoptive immuno-
therapies consist on the administration of ex vivo-
expanded tumor-specific cytotoxic immune cells repre-
sented by T lymphocytes. The identification of tumor-spe-
cific lymphocytes has resulted in new therapeutic
strategies based on mounting a sustained and effective
anti-tumor immune response [4,5]. It is theorized that the
infiltrating lymphoid represents a selected population of
cells which have preferentially migrated to the tumor sec-
ondary to an immune response. These T lymphocytes
termed tumor-infiltrating lymphocytes (TIL) are consid-
ered to be more specific in their immunological reactivity
to tumor cells than the non-infiltrating lymphocytes [6].
However, if the role of TIL has not been clearly defined,
TIL could recognized as a reactional mechanism against
tumor development. Moreover, their reduced response in
the tumor tissue may be due to the suppressive influence
under the tumor microenvironment. In this context, TIL
have been identified in numerous neoplasia, such as
melanoma [5-9], various carcinomas [10-17], myeloma
[18], pediatric tumors [19] and sarcomas [20-22] and the
therapeutic relevance of these TIL has been also docu-
mented in both animal models and clinical trials [23-28].
Unfortunatly, up to date, very few data is available on the

phenotypic and functional characterization of TIL isolated
from adult bone-associated tumors.

Because, in vitro studies on bone tumor infiltrating T lym-
phocytes are lacking, the goal of the present study is to
characterize the TIL derived from 27 adult human bone-
associated tumors as well as autologous peripheral blood
leukocytes (PBL) at the phenotypic and functional levels.
The therapeutic potential of TIL was then discussed for
osteosarcoma.

Methods
1) Patients

Twenty-seven bone-associated tumors [6 osteosarcomas,
2 Ewing's sarcomas, 2 chondrosarcomas, 7 giant cell
tumors (GCTs), 2 plasmocytomas, 4 bone metastases (2
from kidney origin, 2 form unknown origin) and 4 other
pathologies (1 chondromyxoid fibroma, 1 fibrous dyspla-
sia, 1 chordoma, 1 undifferentiated sarcoma)] from 27
patients [12 women (38 + 17.8 years, range: 17–75) and
15 men (47.9 + 19.2) years, range: 16–75)] were included
in the present study. All patients were treated in the
Department of Orthopedic Surgery of Nantes University
Hospital (France) between September 2004 and June
2005. Patients' characteristics were summarized in Table 1
("Additional file 1"). Written informed consent was
obtained before each patient was included in the study.

2) Cell lines

The rat osteosarcoma (UMR106), human osteosarcoma
(MG63, SaOS2), B lymphoma (Daudi) and leukemia
(K562) cell lines were purchased from the American Tis-
sue Cell Collection (USA). The rat osteosarcoma ROS 17/
2.8 cell line was a kind gift from Pr HJ Donahue (Penn
State University, USA). The tumor cell lines were culture-
din RPMI 1640 (Invitrogen, France) supplemented with
10% foetal calf serum (FCS) (Hyclone, Perbio, France).
The primary osteosarcoma was isolated from small tumor
fragment of rat osteosarcoma model described above.
Briefly, small tumor fragments were digested by 1 mg/mL
collagenase A (Boehringer Manheim) for 2 hours. The cell
suspensions obtained were then washed three times with
PBS and cultured in RPMI 1640 supplemented with 10%
FCS. The medium was changed twice a week and the
adherent osteosarcoma cells were harvested using a 0.05%
trypsin- 0.02% EDTA solution and subjected to the study.

3) Osteosarcoma rat model

The osteosarcoma was initially induced by a local injec-
tion of colloidal radioactive 144Cerium in rats [29]. The
tumor can be re-grafted and maintained in vivo for many
months; otherwise fragments were frozen until re-utiliza-
tion. This rat osteosarcoma model used in the present
study mimics the human pathology in terms of tumor
growth, bone involvements and lung metastases [30,31].
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4) Peripheral blood leukocytes (PBL) preparation and 

tumor-infiltrating lymphocytes (TIL) extraction

Both human and rat PBL were isolated from heparinized
peripheral blood after Ficoll-Hypaque (Eurobio, France)
gradient centrifugation. The human and rat PBL were
respectively cultured in RPMI 1640 supplemented with
10% FCS and 300 UI/ml IL-2 (Eurocetus, France) for 21
days and X-VIVO 15 supplemented with 900 UI/ml IL-2
for 14 days. Their phenotype and cytotoxic activity were
then analyzed according to the procedure described
below.

Human tumor specimens were directly received from the
operating room under sterile condition, minced with scis-
sors into 1 mm3 fragments and cultured immediately in
RPMI 1640 (Invitrogen) supplemented with 10% FCS
(Hyclone), 300 UI/ml IL-2 (Eurocetus) and antibiotics
mixture (100 UI/mL penicillin and 100 µg/mL streptomy-
cin). Half of medium was changed twice a week and TIL
were cultured for 21 days.

Rat tumor specimens were obtained from the model
described above, minced with scissors into 9 mm3 frag-
ments and subjected enzymatic digestion using 2 mg/mL
collagenase and 50 UI/mL hyaluronidase (Sigma-Aldrich,
France) for 2 hours. The cell suspension (106 cell/mL) was
filtrated using a 70 µm cell strainer. Then, enriched by
Ficoll-Hypaque gradient centrifugation and cultured in X-
VIVO 15 serum free-medium supplemented with 900 UI/
mL IL-2 and antibiotics mixture (100 UI/mL penicillin
and 100 µg/mL streptomycin). Half of medium was
changed twice a week and TIL were cultured for 14 days.
Both PBL and TIL were maintained at 37°C in a 5% CO2

humidified atmosphere.

5) Cytotoxicity assay

Target cells (UMR106, MG63, SaOS2, Daudi, K562,
ROS17/2.8 and primary autologous rat osteosarcoma
cells) were labeled with 10 µCi of Na2 

51CrO4 (Amersham,
UK) for 1 hour at 37°C. Then, target cells were washed
three times with fresh culture medium. Lymphocytes (TIL
or PBL) were added at a different target/effector ratio (T/
E) of 1/12.5, 1/25 and 1/50. The plate was then incubated
for 4 hours at 37°C, and 100 µL of supernatant were
haversted for counting in a γ-counter. Maximal and spon-
tenous 51Cr-releases were determined by incubating the
target cells with 100 µL of detergent (Triton 1% in distil-
lated water) or 100 µL of culture medium, respectively.
Spontaneous release (SR) never exceeded 10% of maximal
release (MR). The percentage of specific chromium release
was calculated according to the following formula:
[(experimental release-SR)/(MR-SR)] × 100%].

6) Flow cytometric analysis

For phenotyping, lymphocytes (TIL or PBL) were stained
with conjugated monoclonal antibodies against CD3
(PE), CD4 (APC), CD8 (perCP), CD20 (FITC), CD45RA
(FITC), CD161 (PE). Monoclonal antibodies were pur-
chased from Becton Dickinson (France) (CD3, CD4, CD8
and CD20) and from Serotec (France) (CD161 and
CD45RA). Cell suspensions were then analyzed on a Bec-
ton Dickinson fluorescence-activated cell sorter. Ten thou-
sand scatter-gated cells were analyzed in each sample and
fluorescence profiles of the cells were determined with
logarithmic signal amplifiers.

7) Statistical analysis

All experiments were performed in triplicate. The mean
and SD was calculated for all conditions and compared by
an ANOVA test. Differences relative to a probability of
two-tailed P < 0.05 were considered significant

Results
1) Human TIL can be extracted from various human tumor 

biopsies and cultured

TIL were able to isolate successfully from small tumor
fragments (wet weight < 5 g) immediately after the biopsy
except for chondrosarcoma, fibrous dysplasia and 50% of
bone metastases (Table 1) and maintained for 3 weeks in
the presence of 300 UI/ml IL-2 for flow cytometric analy-
ses. Most of cultured TIL were mainly composed of CD3+

(range: 65%–99%) (Figure 1, hatched bars). TIL from
plasmocytomas showed preferentially CD4+ profile
(median: 64.4%) with minor CD8+ profile (median:
6.4%). Similarly, TIL from osteosarcomas were predomi-
nantly CD4+ (median: 49.9%) with second highest CD8+

sub-population (median: 15.5%). TIL isolated from
Ewing's sarcomas, GCTs and bone metastases are charac-
terized by almost same amount of CD4+ and CD8+ popu-
lations (around 50%) (Figure 1). A minor amount of
CD20+ and CD161+ cells were observed in all TIL without
correlation with tumor histology.

To compare PBL and TIL expanded from the same
patients, phenotypic analyses of PBL were also performed
in all included cases (Figure 1, dark bars). The amount of
CD8+ TIL was lower in plasmocytoma, Ewing's sarcoma
and osteosarcoma TIL compared to that of PBL (respec-
tively 88%, 58%, and 57%). A high amount of natural
killer (NK) CD161+ (43%) cells were detected in PBL from
Ewing's sarcoma-bearing patients in contrast to the others.

2) Human TIL isolated from osteosarcomas exert cytotoxic 

activity against allogeneic cell lines

To determine the cytotoxic activity of expanded TIL
against allogeneic cell lines, 51Cr-released assays were car-
ried out. The lytic patterns of TIL against Daudi and K562
cell lines that reflect LAK and NK activity, and against two
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Phenotypic analysis of TIL isolated from human bone associated tumors compared with the phenotype of autologous PBLFigure 1
Phenotypic analysis of TIL isolated from human bone associated tumors compared with the phenotype of 
autologous PBL. TIL were isolated from tumor biopsies and cultured for 21 days in RPMI 1640 supplemented with 10% FCS 
and 300 UI/ml IL-2. Autologous PBL were isolated from peripheral blood samples after gradient density centrifugation and cul-
tured in the same conditions for 21 days. After the indicated culture period, the phenotype of TIL (hatched bars) and PBL (dark 
bars) were analyzed by flow cytometry. The percentages of positive cells are given as median value. Plasmocytoma, n = 2; 
Ewing's sarcoma, n = 2; giant cell tumor, n = 7; bone metastase, n = 4; osteosarcoma, n= 6.
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allogeneic osteosarcoma cell lines SaOS2 and MG63,
which exhibit respectively high and low osteoblastic dif-
ferentiation state were assessed. TIL amplified from plas-
tocytomas, Ewing's sarcomas and GCTs did not show any
lytic activity against all allogeneic cell lines tested (data
not shown). However, TIL extracted from osteosarcoma
biopsies were significantly cytotoxic against all cell lines
analyzed compared to matched autologous PBL (p < 0.01)
(Figure 2). The cytotoxic profiles against K562 and the
other cell lines were different along with T/E ratio. Indeed,
the magnitude of TIL cytotoxicity against K562 cells varied
from 50% to 70% respectively for a ratio T/E of 1/12.5 to

1/50. The magnitude of TIL lytic activity against Daudi,
SaOS2 and MG63 reached 20% for a ratio T/E of 1/12.5 to
65% for a ratio T/E of 1/50. In all osteosarcomas analyzed,
autologous PBL were weakly cytotoxic against the four all-
ogeneic cell lines, and no dose-response was observed in
autologous PBL cytotoxic activity (Figure 2).

3) TIL isolated from rat osteosarcoma showed a similar 

phenotype and lytic pattern to human TIL

TIL expanded from rat tumor biopsies revealed same phe-
notype as those of human osteosarcoma. Namely, rat TIL
were 90% CD3+, 50% CD4+ and 18% CD8+ in median

Comparison of cytotoxic activity between TIL isolated from human osteosarcomas and autologous PBLFigure 2
Comparison of cytotoxic activity between TIL isolated from human osteosarcomas and autologous PBL. TIL 
and autologous PBL were isolated from human osteosarcomas (n = 6). After 21 days of culture in RPMI 1640 supplemented 
with 10% FCS and 300 UI/ml IL-2, TIL and autologous PBL cytotoxic activities were determined using 51Cr-released assays. The 
cytotoxicity was measured against allogeneic cell lines including Daudi, K562 cell lines and two osteosarcoma cell lines, high 
(SaOS2) and low (MG63) osteoblastic differentiated osteosarcoma. ** p < 0.01; *** p < 0.001, TIL versus PBL cytotoxicity.
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value (Figure 3, hatched bars). Autologous PBL had an
inverse CD4+/CD8+ ratio with 16% CD4+ and 32% CD8+

cells in median value (Figure 3, dark bars).

51Cr-released assays also disclosed the similar lytic pattern
of rat TIL against autologous and allogeneic tumor cell
lines (UMR 106, ROS 17/2.8) to human TIL (Figure 4).
Moreover, this lytic activity was higher against autologous
tumor cells and UMR 106 (63% T/E of 1/50) compared to
ROS 17/2.8 cells (48% T/E of 1/50) (Figure 4).

To elucidate the capability of autologous tumor cells to
stimulate the proliferation of rat TIL, expanded TIL were
cultured with irradiated tumor cells. Figure 5 showed the
kinetic expansion of rat TIL without tumor antigens dur-
ing the first 23 days and with irradiated tumor cells in the
following term. TIL proliferation was characterized by
gradual expansion (more than 4-fold) in the first 3 weeks
culture and rapid proliferation reached 10-fold number
within following five days culture (Figure 5). TIL
expanded from rat osteosarcoma were very sensitive to the
tumor antigens expressed by autologous tumor cells.
These data demonstrated that TIL expanded from osteosa-
rcoma were very sensitive to the tumor antigens expressed
by autologous tumor cells.

Discussion
The present data demonstrated that TIL could be isolated
from the most of adult bone-associated tumors studied

Comparative analysis of TIL and autologous PBL phenotype isolated from rat osteosarcomaFigure 3
Comparative analysis of TIL and autologous PBL 
phenotype isolated from rat osteosarcoma. TIL were 
isolated from rat osteosarcoma biopsies (n = 8) by enzymatic 
treatment and cultured for 14 days in X-VIVO 15 supple-
mented with 900 UI/ml IL-2. Autologous PBL were isolated 
from peripheral blood samples after gradient density centrif-
ugation and cultured in the same conditions for 14 days. 
After the culture period, the phenotype of TIL (hatched bars) 
and PBL (dark bars) were analyzed by flow cytometry. The 
percentages of positive cells are given as median value.
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(osteosarcomas, Ewing's sarcomas, GCTs, plasmocyto-
mas) except for chondrosarcoma, fibrous dysplasia and
50% of bone metastases; while only TIL extracted from
osteosarcomas demonstrated a lytic activity against allo-
geneic tumor cell lines. Moreover, TIL extracted from oste-
osarcoma biopsies were significantly cytotoxic against all
cell lines analyzed compared to matched autologous PBL.
These findings demonstrating the interest of expanded TIL
to target osteosarcoma cells.

Lymphocytes localized in a tumor foci could represent a
tumor-specific response of T lymphocytes associated for
one part to a non-specific component due to the
inflammatory infiltrate. In this context, the adoptive
transfer of specific-cytotoxic T cells has been already
shown to induce tumor rejection in several animal tumor
models [32,33]. Although isolation and characterization
of TIL have been successfully performed in human malig-
nant tumors [5-21], few data is available in the literature
about bone-associated tumors except for pediatric tumors
[34,35]. The presence of T lymphocytes in human osteosa-
rcoma tissues was previously studied by Trieb et al. by
immunohistochemical studies [36]. Phenotypic analyses
have revealed that these infiltrating lymphocytes into
osteosarcoma were 95% CD3+ and 68% CD8+ [36].
Rivoltini L et al. have also analyzed the phenotype of TIL
in 37 pediatric tumors, including 12 osteosarcomas and
demonstrated CD8+ predominancy [34]. The latter also
revealed that the lytic pattern of TIL against both alloge-

neic and autologous tumor cells were variable depend on
the histology. Rivoltini L et al. concluded, in 1992, that
TIL extracted from pediatric tumors were difficult to
expand at levels required for immunotherapy, however
they could be envisaged [34]. In our study, the phenotype
of TIL isolated from adult osteosarcomas are very similar
in all cases (two third of CD4+ and one third of CD8+) and
autologous PBL were weakly cytotoxic against the four all-
ogeneic cell lines tested. This discrepancy between TIL and
PBL could be explained by the homing processus of the
tumor-specific T lymphocytes to the tumor foci. Indeed,
recently, Haanen et al investigated the presence of TIL and
circulating Tumor Associated antigens(TAA)-T cells before
and after autologous tumor cell vaccination in metastatic
melanoma patients [35]. They demonstrated that in none
of the patients, TAA-specific T cells were found both in
tumor tissue and circulating blood at the same time. No
significant changes in the frequency and specificity circu-
lating TAA-specific T were found during the treatment
period in all patients while inside melanoma tissue, TAA-
specific TIL could be detected in 75% of tumor samples
analyzed. These data suggested that a possible homing
phenomenon of the tumor-specific T cell population to
the tumor site could contribute to the effectiveness of anti-
tumor immunity.

An experiment rat osteosarcoma model mimicking the
human pathology was used to elucidate the availability of
TIL in an autologous system. TIL extracted from rat tumor
biopsies demonstrated similar phenotype to human oste-
osarcoma TIL (predominantly CD4+) and exhibit a highly
cytotoxic activity against autologous tumor cells. The pre-
dominance of CD4+ TIL obtained from human and rat
biopsies contrasts partially to the data reported by Topa-
lian et al. [37]. Indeed, these authors showed a correlation
between CD8+ lymphocytes and high cytotoxic activity.
However, the role of the CD4+ T lymphocyte sub-popula-
tions on the CD8+ TIL activity remains to be clearly
defined. The CD8+ T cell survival and activity against the
most of the tumor is increased by CD4+ T helper cells
(CD4+CD25-) and downregulated by CD4+ T regulator
cells (CD4+CD25+) [38-41]. The CD4+CD25+ T cells
maintain an microenvironment in the tumor sites that
conceal the immunogenicity of tumor to permit progres-
sive growth of antigenic tumors. In such cases, the sup-
pression (in vivo or ex vivo from TIL extracted) of the T
regulator cells represents a possible design of
immunotherapeutic approach. In contrast to these data,
the intestinal tumors which are strongly associated with
an inflammatory microenvironment regress after injec-
tion of CD4+CD25+ T regulator cells [42]. The overall pub-
lished papers raise the possibility of broader functions for
regulatory lymphocytes in prevention and treatment of
human cancers. Thus, CD4+ predominance in TIL popula-
tion could not be prejudicial to the success of T

Proliferation profile of TIL isolated from rat osteosarcomaFigure 5
Proliferation profile of TIL isolated from rat osteosa-
rcoma. These data are representative of three independent 
tumors. TIL isolated from rat osteosarcoma biopsies by 
enzymatic treatment were cultured at 5 × 105 TIL per well 
(6-multiwell plate) for 28 days in X-VIVO 15 supplemented 
with 900 UI/ml IL-2. At day 23 (arrow), 20 × 103 irradiated 
(75 grays) autologous osteosarcoma cells were added in each 
well. TIL were manually numbered using the trypan blue 
staining.
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lymphocyte-based immunotherapy but could be closely
related to their CD25+ (low or high), CD25- status.

The lytic activity exhibited by rat osteosarcoma TIL is
lower against ROS 17/2.8 than against UMR 106 and
autologous tumor cells, suggesting some common tumor
antigens shared by tumor cells. In contrast to the results of
Rivoltini et al. [34], the low proliferation rate of rat TIL
could be easily re-stimulated by autologous tumor anti-
gens (Figure 5). These data therefore revealed that stimu-
lation by tumor antigens could be a more appropriate
technique to expand TIL for their use immunotherapy.

In the past decade, several reports underlined the capabil-
ity of cellular therapy for osteosarcoma. The identification
of human tumor antigens has opened new areas of anti-
gen-specific cancer immunotherapy specifically targeting
these antigens [6]. Indeed, several tumor antigens such as
melanoma-associated antigen (MAGE) [43], squamous
cell carcinoma antigen recognized by T cells (SART) 1
[44], SART3 [45] and papillomavirus binding factor [46]
are expressed in osteosarcoma and provided the rationale
to develop cellular therapies for this pathology. SART3 is
highly expressed in osteosarcoma [45]. Moreover, the
SART3-derived peptides were able to induce HLA-A2-
restricted and tumor-specific cytotoxic T lymphocytes
[45]. These data strengthened the potential use of the
SART3-derived peptides for specific immunotherapy of
HLA-A2+ patients suffering from osteosarcoma. Taken
together with the prevalence of HLA-A24 [46], this strat-
egy could be applicable for approximately 60% of patients
with osteosarcoma. Furthermore, no severe adverse
response associated with peptides administration, and a
significant up-modulation of the cellular immune
response against tumor cells in clinical trial using SART3-
derived peptides in HLA-A24+ patients with colon cancer
[47] encourages further application of this strategy for
osteosarcoma. More recently, Trieb et al. demonstrated
that Hsp 72 is involved in the interaction between T lym-
phocytes and osteosarcoma cells expressing Hsp72 [48].
The cytotoxic potential of these lymphocytes might lead
to an increased immune response leading to the rejection
of the osteosarcoma [48]. In light of the complementary
animal experiments, cytotoxic lymphocytes recognizing
specific tumor antigens appear to be a more effective ther-
apeutic strategy than polyclonal TIL-based immuno-
therapy. Combined TIL with above strategies therefore
might be more effective to achieve desired results.

Conclusion
The results of the present report reveal that TIL exhibiting
a high cytotoxic activity can be easily isolated from adult
osteosarcomas. The poor prognosis of osteosarcoma must
lead to develop new therapeutic approaches, especially in
high sub-group such as adult osteosarcomas. TIL therapy

is one of the hopeful strategies contribute to answer this
intention.

Abbreviations
Tumor-infiltrating lymphocytes (TIL)

Competing interests
The author(s) declare that they have no competing
interests.

Authors' contributions
TS and M K contributed equally to this work. TS, MK and
CB and carried out the in vitro experiments (TIL extraction,
phenotypic and functional analyses); PN and GF coordi-
nated the patient healthcare included in the study and col-
lected human samples. FR carried out and coordinated the
animal studies. HD conceived of the study, participated in
its design and coordination, and has written the manu-
script. All authors read and approved the final
manuscript.

Additional material

Acknowledgements
This work was supported by a grant from the French Ministry of Research 

and Technology (ACI n°TS/0220044) and by a grant from the Pays-de-Loire 

Committee of the Ligue Contre le Cancer. S. Théoleyre and K. Mori, 

respectively, received a fellowship from the Pays-de-Loire Committee of 

the Ligue Contre le Cancer and from the Ligue Nationale Contre le 

Cancer.

References
1. Rosen G, Murphy ML, Huvos AG, Gutierrez M, Marcove RC: Chem-

otherapy, en bloc resection, and prosthetic bone replace-
ment in treatment of osteogenic sarcoma.  Cancer 1976,
37:1-11.

2. Link MP, Goorin AM, Horowitz M, Meyer WH, Belasco J, Baker A,
Ayala A, Shuster J: Adjuvant chemotherapy of high-grade oste-
osarcoma of the extremity. Updated results of the multi-
institutional osteosarcoma study.  Clin Orthop 1991, 270:8-14.

3. Provisor AJ, Ettinger LJ, Nachman JB, Krailo MD, Makley JT, Yunis EJ,
Huvos AG, Betcher DL, Baum ES, Kisker CT, Miser JS: Treatment
of non-metastatic osteosarcoma of the extremity with pre-
operative chemotherapy: a report from the Children's Can-
cer Group.  J Clin Oncol 1997, 15:76-84.

4. Rosenberg SA, Spiess P, Lafreniere R: A new approach to the
adoptive immunotherapy of cancer with tumor-infiltrating
lymphocytes.  Science 1986, 233:1318-1321.

5. Aebersold P, Hyatt C, Johnson S, Hines K, Korcak L, Sanders M, Lotze
M, Topalian S, Yang J, Rosenberg SA: Lysis of autologous

Additional File 1

Table 1: Panel of patients studied. 27 patients treated in the Depart-

ment of Orthopedic Surgery of Nantes University Hospital (France) 

between September 2004 and June 2005, were included in the present 

study. The Table summarize the patients' characteristics included.

Click here for file

[http://www.biomedcentral.com/content/supplementary/1471-

2407-5-123-S1.doc]

http://www.biomedcentral.com/content/supplementary/1471-2407-5-123-S1.doc
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1082364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1082364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1082364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1884563
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1884563
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1884563
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8996127
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8996127
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8996127
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3489291
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3489291
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3489291
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2067036


BMC Cancer 2005, 5:123 http://www.biomedcentral.com/1471-2407/5/123

Page 9 of 10

(page number not for citation purposes)

melanoma cells by tumor-infiltrating lymphocytes: associa-
tion with clinical response.  J Natl Cancer Inst 1991, 83:932-937.

6. Rosenberg SA: Progress in human tumour immunology and
immunotherapy.  Nature 2001, 411:380-384.

7. Dudley ME, Wunderlich JR, Shelton TE, Even J, Rosenberg SA: Gen-
eration of tumor-infiltrating lymphocyte cultures for use in
adoptive transfer therapy for melanoma patients.  J
Immunother 2003, 26:332-342.

8. Fabbri M, Ridolfi R, Maltino R, Ridolfi L, Riccobon A, Flamini E, De
Paola F, Verdecchia GM, Amadori D: Tumor infiltrating lym-
phocytes and continous infusion interleukin-2 after metasta-
sectomy in 61 patients with melanoma, colorectal and renal
carcinoma.  Tumori 2000, 86:46-52.

9. Huang J, Khong HT, Dudley ME, El-Gamil M, Li YF, Rosenberg SA,
Robbins PF: Survival, persistence, and progressive differentia-
tion of adoptively transferred tumor-reactive T cells associ-
ated with tumor regression.  J Immunother 2005, 28:258-267.

10. El Hage F, Vergnon I, Grunenwald D, Soria JC, Chouaib S, Mami-
Chouaib F: Generation of diverse mutated tumor antigen-spe-
cific cytotoxic T lymphocytes in a lung cancer patient with
long survival.  Oncol Rep 2005, 14:763-769.

11. Dillma R, Schiltz P, DePriest C, Barth N, Beutel L, de Leon C, O'Con-
nor A, Nayak S: Tumor-infiltrating lymphocytes and inter-
leukin-2: dose and schedules of administration in the
treatment of metastatic cancer.  Cancer Biother Radiopharm 2004,
19:730-737.

12. Kowalczyk D, Skorupski W, Kwias Z, Nowak J: Flow cytometric
analysis of tumour-infiltrating lymphocytes in patients with
renal cell carcinoma.  Br J Urol 1997, 80:543-547.

13. Dierderichsen AC, Zeuthen J, Christensen PB, Kristensen T: Char-
acterization of tumour infiltrating lymphocytes and correla-
tions with immunological surface molecules in colorectal
cancer.  Eur J Cancer 1999, 35:721-726.

14. Ikeguchi M, Oi K, Hirooka Y, Kaibara N: CD8+ lymphocyte infiltra-
tion and apoptosis in hepatocellular carcinoma.  Eur J Surg
Oncol 2004, 30:53-57.

15. Yakirevich E, Izhak OB, Rennert G, Kovacs ZG, Resnick MB: Cyto-
toxic phenotype of tumor infiltrating lymphocytes in medul-
lary carcinoma of the breast.  Mod Pathol 1999, 12:1050-1056.

16. Mercader M, Bodner BK, Moser MT, Kwon PS, Park ES, Manecke RG,
Ellis TM, Wojcik EM, Yang D, Flanigan RC, Waters WB, Kast WM,
Kwon ED: T cell infiltration of the prostate induced by andro-
gen withdrawal in patients with prostate cancer.  Proc Natl
Acad Sci USA 2001, 98:14565-14570.

17. Kobayashi M, Ito M, Sano K, Honda T, Nakayama J: Pulmonary lym-
phoepithelioma-like carcinoma: predominant infiltration of
tumor-associated cytotoxic T lymphocytes might represent
the enhanced tumor immunity.  Intern Med 2004, 43:323-326.

18. Noonan K, Matsui W, Serafini P, Carbley R, Tan G, Khalifi J, Bonyhadi
M, Levitsky H, Whartenby K, Borrelo I: Activated marrow-infil-
trating lymphocytes effectively target plasma cells and their
clonogenic precursors.  Cancer Res 2005, 65:2026-2034.

19. Rivoltini L, Arienti F, Orazi A, Cefalo G, Gasparini M, Gambacorti-
Passerini C, Fossati-Bellani F, Parmiani G: Phenotypic and func-
tional analysis of lymphocytes infiltrating paediatric
tumours, with a characterization of the tumour phenotype.
Cancer Immunol Immunother 1992, 34:241-251.

20. Zietz C, Rumpler U, Sturzl M, Lohrs U: Inverse relation of Fas-lig-
and and tumor-infiltrating lymphocytes in angiosarcoma:
indications of apoptotic tumor counterattack.  Am J Pathol
2001, 159:963-970.

21. Barber MR, Yang TJ: Tumor infiltrating lymphocytes: CD8+

lymphocytes in canine transmissible venereal sarcomas at
different stages of tumor growth.  Anticancer Res 1999,
19:1137-1142.

22. Yu R, Fujio K, Tahara H, Araki Y, Yamamoto K: Clonal dynamics of
tumor-infiltrating lymphocytes.  Eur J Immunol 2005,
35:1754-1763.

23. Rosenberg SA, Yannelli JR, Yang JC, Topalian SL, Schwartzentruber
DJ, Weber JS, Parkinson DR, Seipp CA, Einhorn JH, White DE:
Treatment of patients with metastatic melanoma with
autologous tumor-infiltrating lymphocytes and interleukin 2.
J Natl Cancer Inst 1994, 86:1159-1166.

24. Dreno B, Nguyen JM, Khammari A, Pandolfino MC, Tessier MH, Ber-
cegeay S, Cassidanius A, Lemarre P, Billaudel S, Labarriere N, Jotereau
F: Randomized trial of adoptive transfer of melanoma

tumor-infiltrating lymphocytes as adjuvant therapy for stage
III melanoma.  Cancer Immunol Immunother 2002, 51:539-546.

25. Burger UL, Chang MP, Nagoshi M, Goedegebuure PS, Eberlein TJ:
Improved in vivo efficacy of TIL after restimulation with irra-
diated tumor cells in vitro.  Ann Surg Oncol 1996, 3:580-587.

26. Harada M, Matsuzaki G, Shinomiya Y, Kurosawa S, Ito O, Okamoto
T, Takenoyama M, Sumitika H, Nishimura Y, Nomoto K: Genera-
tion of tumor-specific cytotoxic T lymphocytes in vivo com-
bined treatment with inactivated tumor cells and
recombinant interleukin-2.  Cancer Immunol Immunother 1994,
38:332-338.

27. Yang JC, Perry-Lalley D, Rosenberg SA: An improved method for
growing murine tumor-infiltrating lymphocytes with in vivo
antitumor activity.  J Biol Response Mod 1990, 9:149-159.

28. Rosenberg SA, Spiess P, Lafreniere R: A new approach to the
adoptive immunotherapy of cancer with infiltrating
lymphocytes.  Science 1986, 233:1318-1321.

29. Klein B, Pals S, Masse R, Lafuma J, Morin M, Binart N, Jasmin JR, Jasmin
C: Studies of bone and soft-tissue tumours induced in rats
with radioactive cerium chloride.  Int J Cancer 1977, 20:112-119.

30. Thiéry J-P, Perdereau B, Gongora R, Gongora G, Mazabraud A: Un
modèle experimental d'ostéosarcome chez le rat. II
L'ostéosarcome greffable du rat.  Sem Hôp Paris 1982,
58:1686-1689.

31. Heymann D, Ory B, Blanchard F, Heymann MF, Coipeau P, Charrier
C, Couillaud S, Thiéry JP, Gouin F, Rédini F: Enhanced tumor
regression and tissue repair when zoledronic acid is com-
bined with ifosfamide in rat osteosarcoma.  Bone 2005,
37:74-86.

32. Lynch DH, Miller RE: Immunotherapeutic elimination of syn-
genic tumors in vivo by cytotoxic T lymphocytes generated
in vitro from lymphocytes from the draining lymph nodes of
tumor-bearing mice.  Eur J Immunol 1991, 21:1403-1410.

33. Melief CJ, Kast WM: T-cell immunotherapy of tumors by adop-
tive transfer of cytotoxic T lymphocytes and by vaccination
with minimal essential epitopes.  Immunol Rev 1995,
145:167-177.

34. Rivoltini L, Arienti F, Orazi A, Cefalo G, Gasparini M, Gambacorti-
Passerini C, Fossati-Bellani F, Parmiani G: Phenotypic and func-
tional analysis of lymphocytes infiltrating paediatric
tumours, with a characterization of the tumour phenotype.
Cancer Immunol Immunother 1992, 34:241-251.

35. Haanen JB, Baars A, Gomez R, Weber P, Smits M, de Gruijl TD, von
Blomberg BM, Bloemena E, Scheper RJ, van Ham SM, Pinedo HM, van
den Eertwegh AJ: Melanoma-specific tumor-infiltrating lym-
phocytes but not circulating melanoma-specific T cells may
predict survival in resected advanced-stage melanoma
patients.  Cancer Immunol Immunother  in press.

36. Trieb K, Lechleitner T, Lang S, Windhager R, Kotz R, Dirnhofer S:
Evaluation of HLA-DR expression and T-lymphocyte infiltra-
tion in osteosarcoma.  Pathol Res Pract 1998, 194:679-684.

37. Topalian SL, Muul LM, Rosenberg SA: Growth and immunological
characteristics of lymphocytes infiltrating human tumors
[abstract].  Surg Forum 1987, 37:390.

38. Antony PA, Piccirillo CA, Akpinarli A, Finkelstein SE, Speiss PJ, Sur-
man DR, Palmer DC, Chan CC, Klebanoff CA, Overwijk WW,
Rosenberg SA, Resifo NP: CD8+ T cell immunity against a
tumor/self-antigen is augmented by CD4+ T helper cells and
hindered by naturally occurring T regulatory cells.  J Immunol
2005, 174:2591-601.

39. Yu P, Lee Y, Liu W, Krusz T, Chong A, Schreiber H, Fu YX: Intratu-
mor depletion of CD4+ cells unmasks tumor immunogenic-
ity leading to the rejection of late-stage tumors.  J Exp Med
2005, 201:779-791.

40. Ormandy LA, Hillemann T, Wedemeyer H, Manns MP, Greten TF,
Korangy F: Increased populations of regulatory T cells in
peripheral blood of patients with hepatocellular carcinoma.
Cancer Res 2005, 65:2457-2464.

41. Kojima H, Kanno Y, Hase H, Kobata T: CD4+CD25+ regulatory T
cells attenuate the phosphatidylinositol 3-kinase/Akt path-
way in antigen-primed immature CD8+ CTLs during func-
tional maturation.  J Immunol 2005, 174:5959-5967.

42. Erman SE, Sohn JJ, Rao VP, Nambiar PR, Ge Z, Fox JG, Schauer DB:
CD4+CD25+ regulatory lymphocytes induce regression of
intestinal tumors in ApcMin/+ mice.  Cancer Res 2005,
65:3998-4004.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2067036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2067036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11357146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11357146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12843795
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12843795
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12843795
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10778766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10778766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10778766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15838383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15838383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15838383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16077989
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16077989
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16077989
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15665620
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15665620
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15665620
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9352689
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9352689
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9352689
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10505031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10505031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10505031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14736523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14736523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10574602
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10574602
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10574602
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11734652
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11734652
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15168777
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15168777
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15168777
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15753403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15753403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15753403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1311218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1311218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11549589
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11549589
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11549589
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10368665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10368665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10368665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15902685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15902685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8028037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8028037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12384805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12384805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12384805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8915492
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8162615
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8162615
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8162615
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1971302
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1971302
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3489291
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3489291
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3489291
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=269099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=269099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15894525
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15894525
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15894525
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1904359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1904359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1904359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7590825
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7590825
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7590825
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1311218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1311218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9820863
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9820863
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9820863
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15728465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15728465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15753211
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15753211
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15753211
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15781662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15781662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15879088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15879088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15899788
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15899788


Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 

disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:

http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

BMC Cancer 2005, 5:123 http://www.biomedcentral.com/1471-2407/5/123

Page 10 of 10

(page number not for citation purposes)

43. Sudo T, Kuramoto T, Komiya S, Inoue A, Itoh K: Expression of
MAGE genes in osteosarcoma.  J Orthop Res 1997, 15:128-132.

44. Ishida H, Komiya S, Inoue Y, Yutani S, Inoue A, Itoh K: Expression
of the SART1 tumor-rejection antigen in human
osteosarcomas.  Int J Oncol 2000, 17:29-32.

45. Tsuda N, Murayama K, Ishida H, Matsunaga K, Komiya S, Itoh K,
Yamada A: Expression of a newly defined tumor-rejection
antigen SART3 in musculoskeletal tumors and induction of
HLA class I-restricted cytotoxic T lymphocytes by SART3-
derived peptides.  J Orthop Res 2001, 19:346-351.

46. Tsukahara T, Nabeta Y, Kawaguchi S, Ikeda H, Sato Y, Shimozawa K,
Ida K, Asanuma H, Hirohashi Y, Torigoe T, Hiraga H, Nagoya S, Wada
T, Yamashita T, Sato N: Identification of human autologous
cytotoxic T-lymphocyte-defined osteosarcoma gene that
encodes a transcriptional regulator, papillomavirus binding
factor.  Cancer Res 2004, 64:5442-5448.

47. Miyagi Y, Imai N, Sasatomi T, Yamada A, Mine T, Katagiri K, Nakagawa
M, Muto A, Okouchi S, Isomoto H, Shirouzu K, Yamana H, Itoh K:
Induction of cellular immune responses to tumor cells and
peptides in colorectal cancer patients by vaccination with
SART3 peptides.  Clin Cancer Res 2001, 7:3950-3962.

48. Trieb K, Lang S, Kotz R: Heat-shock protein 72 in human oste-
osarcoma: T-lymphocytes reactivity and cytotoxicity.  Pediatr
Hematol Oncol 2000, 17:355-364.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2407/5/123/pre
pub

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9066537
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9066537
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10853014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10853014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10853014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11398844
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11398844
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11398844
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15289353
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15289353
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15289353
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11751487
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11751487
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11751487
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10914045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10914045
http://www.biomedcentral.com/1471-2407/5/123/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	1) Patients
	2) Cell lines
	3) Osteosarcoma rat model
	4) Peripheral blood leukocytes (PBL) preparation and tumor-infiltrating lymphocytes (TIL) extraction
	5) Cytotoxicity assay
	6) Flow cytometric analysis
	7) Statistical analysis

	Results
	1) Human TIL can be extracted from various human tumor biopsies and cultured
	2) Human TIL isolated from osteosarcomas exert cytotoxic activity against allogeneic cell lines
	3) TIL isolated from rat osteosarcoma showed a similar phenotype and lytic pattern to human TIL

	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors' contributions
	Additional material
	Acknowledgements
	References
	Pre-publication history

