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Cy3 one from the same gel so that gel-to-gel differences were
compensated, using the DeCyder image software (GE Healthcare
Biosciences). System reproducibility was verified by comparing
the protein profiles obtained from three independent separa-
tions of the identical sample (sample 1, Table 1 and Supple-
mental Table 1). Scatter plot analysis revealed that the
standardized intensity of more than 96% of the spots ranged
within a 2-fold difference (Fig. 1B). Representative 2D images
with the numbersof the identified spots are shownin Fig. 1A. An
enlarged 2D image is shown in Supplemental Fig. 1.

2.3.  Data analysis

Data analyses that included the hierarchical cluster analysis
were performed using the Expressionist software (Genedata,
Bersel, Swissland).

2.4.  Protein identification by mass spectrometry

Proteins corresponding to the spots of interest were iden-
tified by mass spectrometry according to our previous report
[18-20,22,29,30). CyS-labeled proteins separated by 2D-PAGE
were recovered in gel plugs and digested with modified trypsin
{Promega, Madison, W1). The trypsin digests were subjected to
liquid chromatography coupled with tandem mass spectrom-
etry using a Finnigan LTQ linear ion trap mass spectrometer
(Thermo Electron Co., San jose, CA) equipped with a nano-
electrospray ion source (AMR Inc., Tokyo, Japan). The Mascot
software program {version 2.1, Matrix Science, London, UK)
was used to search for the mass of the peptide ion peaks
against the SWISS-PROT database {Homo sapiens, 12,867
sequences in Sprot_47.8 fasta file). A Mascot score of 35 or
higher was considered to indicate positive protein identifica-
tion. When multiple proteins were identified in a single spot,
the proteins with the highest number of peptides were
considered to be those corresponding to the spot.

2.5.  Functional classification of the identified proteins
Functional classification of the identified proteins was based on
their classification in Gene Ontology (http://www.geneontology.
org) (Table 2 and Supplemental Table 2).

2.6.  Production of rabbit polyclonal antibody

We synthesized peptides corresponding to the peptide
sequences 354-270 of full-length secernin-1 and then immu-

nized rabbits. Antiserum was purified by affinity column
chromatography using an antigen peptide coupled with solid-
phase column. The specificity of the produced secemnin-1
fragment was confirmed by Western blotting (Supplemental
Fig. 2). The proteins corresponding to the western blotting
signal were examined using mass spectrometry, and the
peptides of secernin-1 were identified (Supplemental Table 3).

2.7.  Western blotting and Immunohistochemical
examination of secernin-1 expression

Protein samples were separated by SDS-PAGE and subse-
quently blotted on a nitrocellulose membrane. The membrane
was incubated with rabbit polyclonal antibody against secer-
nin-1 (1:200 dilution), and then horseradish peroxidase-
conjugated secondary antibody (1:1000 dilution, GE Healthcare
Biosciences). Signal was detected using an enhanced chemi-
luminescence system (GE Healthcare Biosciences} and LAS
3000 {Fuji film, Tokyo, Japan). For immunohistochemical
studies, four micrometer-thick tissue sections were auto-
claved in 10 mM citrate buffer (pH 6.0) at 121 °C for 30 min, and
incubated with the antibody against secemin-1 (1:200 dilu-
tion). Immunostaining was performed using the biotin-free
horseradish peroxidase enzyme-labelled polymer of the
Envision Plus detection system {DAKO, Carpinteria, CA). Two
certified pathologists (N.T. and D.K)) examined the stained
sections in a blinded fashion regarding clinical. The few
discrepancies noted between the two observers were resolved
by re-examination of the sections.

2.8.  Molecular analysis

We examined 31 of 45 cases for which RNA samples were
available for the presence of the SYT-S5X1 and SYT-SSX2
fusion genes. Reverse transcription-polymerase chain reac-
tion (RT-PCR) was done using the primers SYT 5'CAA CAG CAA
GAT GCA TAC CA3, S5X1 5'GGT GCA GTT GTT TCC CAT CG¥
and S5X2 5'GGC ACA GCT CTT TCC CAT CA3' followed by
direct sequencing (Table 1 and Supplemental Table 1) [11,31].

29.  Statistical analysis

The tumor specific- and metastasis free-survival times were
calculated from the first treatment of the primary tumor to
death from tumor specific causes or to first evidence of
metastasis, respectively. All time-to-event endpoints were
computed by the Kaplan-Meier method. Patients who died of

Fig. 1~ Identification of proteins differentally expressed in synovial sarcoma, (A) Representative 2D image of proteins detected
in synovial sarcoma tissues. The protein spots in red are those highly expressed in the P-SS group, and the biue spots were

highly expressed in the G-SS group. (B) Evaluation of the reproducibility of 2D-DIGE by scatter grams. Sample 1 (Table 1) was
examined in triplicate gels independently. (C} Hierarchical clustering of the 13 synovial sarcoma cases based on the intensity of
the 20 protein spots. The cases are color-coded as red (P-SS) or light green (G-SS) as indicated in the panel. The case numbers
correspond to those in Table 1. The spot numbers and the protein names are shown on the right side and correspond to those in
Table 2. In order to perform the hierarchical clustering analysis, these expresaion values in C underwent numerical corrections
by the data mining software program (Expresgionist software program, Genedatn, Bersel, Swissland), based on the values of the
raw expression data that were acquired by 2D-DIGE. Finally, in this figure, these expression values were indicated by modified

scores ranging from O to 1.0.



Table 2 - Differentially expressed proteins carresponding to the prognasis of synavial sarcomas {good prognosis cases vs poor prognosis cases).

Spot Accession Symbol Identified protein®  Wilcoxontest  Fold pl piY MW (obs) MW Protein Peptide  Sequence Function®

No®  mo® pvalue  difference (obs)¢ &D)° (kD)? score® matches  coverage (%)

260 PO2767 TRFE  Serotransferrin precursor 8.081E-03 3218 655 681 105.6 774 134 3 44 Ion trangportation

267 Q14697 GANAB Neutral alpha-glucosidase 6.2168-03 1.861 589 574 1056 1068 287 5 6.6 Carbohydrate metabolic
AB precursor process

300 P14314 GLU2B  Glucosidese If beta 6.2168-03 1.955 446 434 1024 59.3 190 3 6.5 Protein kinase cascade
subunit precursor

315 P0B238 HS%0B  Heat shock protein HSP 2.5258-03 2,157 500 497 1024 83.1 82 2 3.0 ATP binding
90-beta

451 P14625 ENFL  Endoplasmin precursor 9.524E-03 2342 509 4.76 855 o925 78 2 29 Anti-apoptosis

649 QAUHDS  UBQL2 Ubiquilin-2 1.554E-03 2157 507 S24 743 65.8 88 2 42 Proteasome-mediated

856 P61158 ARP3  Actin-related protein 3 6.061E-03 1.831 557 561 575 473 . 372 7 206 Cell motion

%03 P14625 ENPL  Endoplasmin precursor 6.216E-03 1722 484 476 593 925 89 2 22 Anti-apoptosis

972 Q12765 SCRN1 Secemin-1 1.554E-03 2246 4.63 455 519 164 100 2 43 Exocytosis

978 Q12765 SCRN1 Secernin-1 1.554E-03 2564 464 468 519 464 100 3 4.8 Exocytosis

1027 Q12765 SCRN1  Secernin-1 2,525E-03 2,050 4.66 466 50.0 464 137 2 53 Exocytosis

1030  PO6733 ENOA  Alpha enclase 1.554E-03 1.911 602 699 51.9 47.0 158 6 85 Transcription

1153  Q9NVA2 SEP11  Septin-11 1.554E-03 1.688 686 638 469 493 278 6 14.7 Cell cycla

1411 QOUJ70 NAGK  N-acetylglucosamine 6.216E-03 1.347 589 582 376 372 180 3 108 N-acetylglucosamine
kinase metabolic process

1634 50402 EMD Emerin 1.554E-03 2262 536 529 327 20 254 4 16.9 Muscle contraction

723 Qs323 PSME1 Proteasome activator 8.081E-03 1.513 586 578 3059 287 264 5 221 Ubiquitin-dependent
complex subunit 1

1725  P67936 TPM4  Tropomyosin alpha 4 3.108e-03 1.657 461 4.67 306 284 835 20 344 Cell motion
chain

1920 Q8NR31 SARIA GTP-binding protein 1.5542-03 1.462 663 621 29 224 132 2 11.6 BR-Golgl transport
SAR1a

2004  P8408S ARFS  ADP-ribosylation factor § 6.216E-03 1.580 630 636 219 204 21 4 212 Protein transport

2063 P60SS0  MYLE Myosin light polypeptide 6 4.040E-03 3863 438 456 196 165 193 4 35.8 Muscle filament sliding

° Spot numbers refer to those in Fig 1A and Supplemental Fig 1.

® Accession numbers of proteins were derived from Swiss-Prot and NCBI nonredundant datsbases.

© Observed isoelectric point and molecular weight calculated according to location on the 2-D gel.

¢ Theoretical isoelectric point and molecular weight obtained from Swiss-Prot and the ExPASy database, (hitp//au.expasy.org).
 Mascot score for the identified proteins based on the peptide ions score (p<0.05) (http//wew.matrixscience.com).
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causes unrelated to synovial sarcoma were censored at the
time of death. Potential prognostic factors were identified by
uni-variate analysis using the log-rank test. Independent
prognostic factors were evaluated using a Cox's proportional
hazards regression model and a stepwise selection procedure.
To arrive at a parsimonious multivariate model, covariates
were selected into the model only if they contributed
significantly to the fit of the medel based on the chi-square
test value. P differences <0.05 were considered to be signifi-
cant, Statistical analyses were performed using the SPSS
statistical package (SPSS, Chicago, Illinois}.

3. Results

We compared the protein expression profiles between eight G-
SS and five P-SS cases using 2D-DIGE. We selected 1663 protein
spots that appeared in at least 75% of the images of the Cy3-
labeled internal control sample for further analysis, to
decrease irrelevant expression data. As this selection was
based on the observation of the gel images of common
internal control sample, it did not eliminate spots that were
absent/present between the G-SS and P-S5 groups. The G-5§
and P-SS samples were not classified into their respective
groups based on the overall protein expression features
consisted with the intensity of 1663 protein spots {data not
shown). We found that 20 protein spots had significantly
different intensity between the two groups (p<0.01). The
localization of the 20 spots on the 2D image is demonstrated in
Fig. 1A (an enlarged image is shown in Supplemental Fig. 1).
Hierarchical clustering analysis accurately classified the 13
synovial sarcoma samples into either the G-SS or the P-§8
group based on the intensity of these 20 selected spots (Fig. 1C
and Supplemental Fig. 3). Mass spectrometric protein identi-
fication revealed that the 20 protein spots corresponded to 17
distinct gene products (Fig. 1C, Table 2 and Supplemental
‘Table 2.

Three of the 20 protein spots were identified as corresponding
to secernin-1 and all three had higher intensity in the good
prognosis patient group (Supplemental Fig. 4). Secemin-1 is
highly expressed in gastric and colon cancer [25], but its
association with synovial sarcoma has not been reported to date.

We therefore further examined the relationship of the
expression of secernin-1 with the malignant potential of
synovial sarcoma. Western blotting confirmed the relation-
ship of secernin-1 expression with the outcome of synovial
sarcoma using our original secernin-1 polyclonal antibody.
The relative protein amounts measured by 2D-DIGE and
Western blotting highly correlated with the prognosis
groups for all protein spots (fold-difference: 4.969, p<0.0001)
(Fig. 2A and B). Immunchistochemistry showed that secernin-
1 expression was higher in the good prognosis synovial
sarcoma compared with the poor prognosis synovial sarcomas
{fold-difference: 4.969, p<0.0001) {Fig. 2C)-

We further validated the relationship of secernin-1 expres-
sion with the malignant potential of synovial sarcoma in further
45 synovial sarcoma cases using immunohistochemistry. Being
consistent with the previous reports [24-26] (http//www.
uniprot.org/uniprot/Q12765), secernin-1 expression was ob-
served mainly in the cytoplasm (Fig. 2C and Supplemental

Fig. 5). We decided that cases with cytoplasm staining for
secernin-1 were considered as secemin-1 positive, whereas
cases without staining for secernin-1 were considered as
secernin-1 negative,

Among the 45 patients in this study, 15 patients were alive
and continuously disease free, five patients were alive with no
evidence of disease, four patients were alive with disease and
21 patients had died of the disease in the follow-up period
{median 82.1 months; range 8 to 318 months)(Supplemental
Table 1). Immunohistochemistry revealed that 13 of 18
patients who had died had a secernin-1 negative primary
tumor and 18 of 27 patients who were alive had a secernin-1
positive primary tumor {x* p=0.0170}. Secernin-1 localized in
nucleus in majority of cases, and we did not find the
correlation between secernin-1 localization and clinico-path-
clogical parameters (Supplemental Fig. 5 and Supplemental
Table 4). The 5-year survival rate for patients with secernin-1
positive and negative tumors was 77.6% and 21.8% respec-
tively {(p=0.0015; log-rank test, Fig. 3A and Table 3).

Distant metastasis was observed in a significantly higher
proportion of patients with secernin-1 negative tumors
compared with those with secernin-1 positive tumors (15/18
vs 12/27 cases, x*: p=0.0140), with a median follow-up period
of 65months. The 5-year metastasis free survival rate was
significantly higher in the patients with the secernin-1
positive primary tumors than in those with negative ones
{62.8% vs 16.7%; p=0.0012; log rank test, Fig. 3B and Table 3).

Univariate analysis revealed that high grade {ilI) (p=0.0003),
stage IV (p<0.0001), presence of metastatic disease at diagnosis
(p<0.0001) and negative secemin-1 staining (p=0.0015) correlat-
ed significantly with poor prognosis for tumor specific survival
(Table 3). There was no correlation between the expression of
secernin-1 and other clinico-pathological parameters examined.
No other factors were associated with tumor specific survival,
including age, gender, site, fusion gene, size, depth, local
recurrence, adjuvant chemotherapy, and adjuvant radiotherapy
(Table 3}, The poorly differentiated histological subtype
(p<0.0001), high MIB-1 index {p=0.0049), high histological grade
(p<0.0001}, and negative secernin-1 staining (p=0.0012) correlat-
ed with low metastasis free survival rate,

The samples used ranged from 1970 to 2005 collection date,
and the storage dates might affect the quality of protein
samples. To clarify this issue, we compared the 13 samples
cobtained between 1979 and 2000 and the 32 samples between
2000 and 2005. We found that there was no statistically
significant difference for the immunohistological expression
between these groups. We also compared the prognosis
between two groups, and found that there was no statistical
significant difference between these two groups (S-years overall
survival: p=0.5995 and 5-years metastasis free survival
p=0.6626).

A multivariate survival analysis revealed that both nega-
tive secernin-1 staining and the presence of metastatic
disease at the time of diagnosis significantly correlated with
low tumor specific survival rate, and were the two most
prominent negative factors predictive of short tumor specific
survival (Table 3). Large (>5 cm) tumor size (p=0.0220), high
MIB-1 index (p=0.0070), high histological grade (p=0.0020) and
negative secernin-1 expression (p=0.0010) were also indepen-
dent factors for short a metastasis free survival (Table 3).
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Fig. 2~ Validation of the differential expression of secernin-1in the synovial sarcoma. (A) P-5§ (cases 11a 5) expressed secernin-1 at
significantly lower levels than G-SS (cases 6 to 13), The case numbers correspond to those inFig. 1, The Western blouting results and
the bar plots demonstrate the secernin-1 expression levels (fold-change: 4.969, Mann-Whitney's test: p<0.0001). (B) The bar plots
demonstrate the expression levels of the three secernin-1 spats (No. 972, No. 978 and No. 1027) in the 13 synovial sarcoma samples
examined (fold-change (FC): 2.067 for No. 972, 2.320 for No. 978 and 2.094 for No. 1027). The expression levels detected by 2D-DIGE
correlated highly with thelevels detected by the Westem blotting analysis (R=0.654 for No. 972, R=0.571for No. 978 and R=0.819 for
No. 1027). (C) Immunohistochemistry validates the correlation between secernin-1 expression and prognosis. Secernin-1 was
overexpressed in the primary tumors of patients with a good prognosis (upper panel), while itwas not expressed in the tumors of
patients with a poor prognosis (lower panel). Note that secernin-1 was mainly expressed in the cytoplasm, consistent with a
previous report [26], and a few cells showed the nuclear localization of secemin-1 (Supplemental Fig. 5).

Forty of the 45 patients had localized disease without that neyative seeernin-1 expression was a significant predic-
distant metastases at the time of diagnosis. We perfermed a tor of short tumor specific and metastasis free survival (Fig. 3C
second univariate analysis {or these 40 patients and found and D, P=0.0020 and P=0.0016, respectively, Supplemental
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Fig. 3 - Prognostic value of secernin-1 expression examined immunochistochemically. (4} Secernin-1 expression in 45 primary
tumor samples was predictive of the tumor specific survival period. (B) The metastasis free survival was significanty higher in
the secernin-1 positive compared to the negative synovial sarcoma group. (C and D) The overall survival and metastasis free
survival of the MO synovial sarcoma patients correlated with secemin-1.

Table 5). A multivariate analysis also showed that negative
secernin-1 expression was an independent prognostic factor
for short tumor specific (p=0.0480) and metastasis free
survival {p <0.0001) (Supplemental Table 5).

These data clearly indicate that prognosis relying solely on
the established histological classification system is not
sufficiently accurate to determine the post-operative thera-
peutic strategy for synovial sarcoma patients, and the use of
secernin-1 expression may further refine the prognostic
criteria so as to identify patients who may benefit from
additional therapy.

4. Discussion

Immunohistochemical studies have previously resulted in the
identification of candidate prognostic biomarkers in synovial
sarcoma [10,14,32-42]. Although these studies furthered our
understanding of the biology of synovial sarcoma, none of the
reported candidate biomarkers was proven to be practicalina
clinical setting to date. Apart from further validaton studies
on the aforementioned biomarkers, we need to discover novel
prognostic biomarkers. The proteome is a functional transla-
tion of the genome, directly regulating cell phenotypes,
and thus is a rich source of candidate biomarkers. For these

reasons, and to gain further molecular insight into the varying
prognosis of patients with synovial sarcoma, we conducted
the proteomics study on synovial sarcoma presented here, the
first report employing a proteomic approach to examine
prognostic biomarkers of synovial sarcoma.

With respect to 2D-DIGE technologies, espedally fluores-
cent dyes, two types of fluorescent dyes are presently
available for 2D-DIGE: CyDye DIGE Fluor minimal dye, and
CyDye DIGE Fluor saturation dye [29]. The former labels a
small portion of lysine residues; its sensitivity is sirnilar to that
of silver staining, and labeling with it does not change the
electrophoretic mobility of the protein [29]. In contrast, the
latter labels all reduced cysteine residues of the protein. As a
result, the dye affects the electrophoretic mobility of the
protein, thus resulting in a 100-200-fold higher sensitivity
than CyDye DIGE Fluor minimal dye {29]. In this study, weused
saturation labeling in order to provide higher quality data that
would provide more information about the protein spots.

Several studies have demonstrated a lack of synovial
differentiation in synovial sarcoma tumor cells, and have also
shown that these tumors express markers of both epithelial and
mesenchymal differentiations, although they do not resemble
any specific tissue type, and their origin has been unknown
[13,27,28]. Synovial sarcoma is now regarded as a neoplasm of
“uncertain differentiation” [28]. Given their unclear backgrounds,



Table 3 - Uni- and multivariate analysis of prognostic factors and the relationship between clinico-pathological parameters and secemin-1 expression.

Varigble Number Tumorspecific = Metastasis free Multivariate analysis of Multivariate analysisof ~ Secemin-1 negative Secernin-1 positive Correlation
of cases survival survival tumeor specific survival metastasis free surviviby  (number of cases) (number of cases) (secernin-1)
by Cox regression Cox regression o (p value)
S-years Log-rank S5-years logrank P value Relaive  95%  Pwalue Relative 95%
%) (pvalue) (3 (pvalug) risk  confidence risk  confidence
interval interval
Age 0.3466 0.4239 0.7120
<35 % 52697 385296 1 15
35 19 632+111 5154118 7 12
Gender 0.3087 0.1133 0.8050
F 26 5942100 53.329.9 10 16
M 19 52621145 31.6:10.7 8 11
Site 0.0796 0.2713 0.6710
Trunk 11 3272150 273134 5 (]
Extremity 34 532:83 49.8:86 13 21
Histology 0.0136 <0.0001 0.7460
subtype
Monophasic 28 702289 49.5:9.6 10 18
Biphasic 12 462x138 4621138 6 7
Poorly 4 00 00 2 2
differentiated
Fusion gene 0.1555 0.2005 01270
SYT/SSX1 7 633297 5622104 6 17
SYT/SSX2 8 4502188 25.0=153 H 3
Notdetected 24 - - 7 7
Size 0225 0.0384 00220 72 1335-3845 0.5000
<5cm 18 64214118 58.8:11.3 7 10
>5cm 27 523297 357291 10 17
Depth 05574 03179 03250
Superficial 3 6672272 66.72272 2 1
Deep 42 56078 42.6+7.7 16 26
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itis impossible to compare normal tissues with tumor tissue in
order to indentify proteins corresponding to tumor-specific
characteristics, In order to identify proteins corresponding to
tumor progression and patient outcome, we defined the G-55
and P-SS groups using their different backgrounds and then
compared the two groups. We identified twelve down-regulated
and eight up-regulated proteins from synovial sarcoma cases
with poor prognosis. Functiona!l classification revealed that
these identified proteins belonged to a variety of functional
pathways. Synovial sarcoma is characterized by a translocation
between the SYT gene and -55X1, -S5X2 or -55X4 [1~4]. Although
the protein complexes involving the SYT/SSX fusion gene
products have aberrant transcripdonal activity and modulate
the expression of a number of downstream target genes [43], the
genes affected by the SYT/SSX fusion have not been reported yet.
The altered transeriptional activity of the SYT/SSX protein may
induce a large number of functional abemations in synovial
sarcoma, and the effects of SYT/SSX on gene expression may not
be equal among the patients, resulting in the different prognosis
observed.

Three variants of secernin-1 were highly expressed in the
primary tumors of the patients with good prognosis. Accord-
ing to the DNA sequence, there are five alternative splicing
varants for secernin-1 (GeneCards, http://www.genecards.
org). The different variants may result in three protein spots
for secernin-1 in our study. This is the first report of the
prognostic value of secernin-1 expression, and the association
of secernin-1 expression with synovial sarcoma has not been
previously reported. Importantly, previous synovial sarcoma
studies employing a global approach at the DNA and mRNA
levels did not reveal any association of secernin-1 with
synovial sarcoma [13-16]. These results suggest that the use
of a proteomic approach can reveal unique molecular aspects
of synovial sarcoma not visible through the use of other
techniques (Supplemental Table 6).

Our results suggest that secernin-1 expression could be a
nove} prognostic biomarker for synovial sarcoma. As secernin-
1 expression correlated with two important clinical endpoints,
namely the metastatic potential and survival, it will give us
the opportunity to establish improved prognostic modalities.
Both uni- and multivariate analyses revealed that secernin-1
expression along with clinical stage (metastasis at diagnosis)
was an independent prognostic factor for overall survival of
patients with synovial sarcoma. With regard to the SYT-85X1
fusions, there were no correlations between secerinin-i
expression and the presence of fusion genes. Furthermore,
secernin-1 expression was also a significant prognostic factor
in patients with localized disease.

Secerinin-1 is a cytosolic protein that stimulates exocytosis
in mast cells [25,26). However, the mechanisms underlying its
involvemnent in exocytosis remain unresolved [25]. Secernin-1
might cause the recruitment of secretory granules to the site
of exocytosis or increase granule swelling, core expulsion, or
breakdown in tumor cells [25]. Cytosolic proteins that are
capable of regulating exocytosis in permeabilized cell assays
appear to fall into four major categories: 1) proteins that
directly interact with the fusion machinery, 2) GTPases
involved in intracellular signaling, 3) proteins involved in
other intracellular signaling pathways, and 4} proteins in-
volved in the regulation of PIP2 [26). Notably, a number of GTP

binding proteins play a role in secretion. These molecules are
also involved in numerous other physiological functions, so
secernin-1 might also play different roles, other than exocy-
tosis, in the cells [25].

Transferring the above to the clinic in the form of a
practical application that would incorporate the examination
of secernin-1 expression will be the next challenge. Secernin-1
was found to contain antigenic epitope peptides and could
induce cytotoxic T cells which lyzed the tumor cells expres-
sing secernin-1, and was highly expressed in gastric cancer
tissues compared with their normal counterparts [25]. Secer-
nin-1 expression was exclusively observed in the testes and
ovaries, being barely detected in the other normal organs [25].
The examination of secernin-1 expression has been applied in
the development of cancer vaccines in gastric cancer {25]. The
augmented expression of secemnin-1 resulted in reduced
colony formation [25]. Similar examinations in synovial
sarcomas will pave a way to novel therapies, even if they
have opposing expression patterns compared to gastric cancer
[25). Thus, when we consider its therapeutic application,
knowledge of the functional contribution of secernin-1 to the
malignant phenotypes is also important.

Examination of secernin-1 expression may allow the
identification of the synovial sarcoma patients who are more
likely to develop metastases after treatment. Similarly, the
patients who have secernin-1 positive primary tumors may
benefit by avoiding such intensified therapy.

5. Conclusion

In conclusion, we identified a possible correlation of 20 protein
variants corresponding to 17 distinct gene products with
parameters of clinical interest in synovial sarcoma. The
secernin-1 has a potential to promote cancer progression
and its expression was correlated with prognosis of synovial
sarcoma in 45 cases. As the expression of secemin-1 could be
monitored by immunochistochemistry, a routine examination
in the hospitals, once the clinical utilities of secernin-1 was
established, our findings will be applied to the clinical
examination. Evaluation of secernin-1 expression may allow
for the identification of the prognosis of synovial sarcoma
patients who may benefit from more aggressive treatment.

Supplementary materials related to this article can be
found online at doi:10.1016/j.jprot.2011.02,033.
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Background: Transfer of avascularized fibular graftis the method of first choice
for reconsuruction of defects of long bones. In particular, the vascularized fibula
head graftis preferred for patients with bone defects of the upper limb involving
the distal radius or the proximal humerus. The aim of the present study was to
analyze the operative results, complications, and postoperative function after
vascularized fibula head graft vansfer and the indications for this procedure.
Methods: From 1998 through 2008, vascularized fibula head graft wansfer was
performed in eight patients to reconstruct hone defects following resection of
tumors of the upper limb. The primary site of the tumor was the proximal humerus
in four patients and the distal radius in four patients. The postoperative course of
the transferred bone was examined, and functional results were evaluated.

Results: All vascularized fibula head grafts were wansferred successfully. During
the follow-up period, absorption of the wansferred fibula head was not observed.
The mean overall functional rating of the reconstructed shoulder joint was 70
percent. The range of motion of the reconstructed wrist joint showed no specific
patterns, and instability of the wrist joint was observed in only one case.

Conclusions: The authors believe that the vascularized fibula head graft uransfer
is a safe and reliable method for reconstructing the upper limb, especially for
patients with a defect of the distal radius or the proximal humerus. This pro-
cedure is also useful for pediatric patients, in whom bone growth is expected
after transplantation, and for salvage procedures after reconstructive materials
(Plast. Reconsty. Swrg. 127: 1244, 2011.)

ransfer of a vascularized fibular graft is the
method of first choice for the reconstruction
of defects of long bones. In particular, the
vascularized fibula head graft is preferred for re-
construction of bone defects of the upper limbs
involving the distal end of the radius. After trans-
fer of a vascularized fibula head graft for recon-
struction of the distal radius was first described in
1979 by Pho, the vascularized fibula head graft
became the first choice for reconstruction of such
defects at many institutions.'? At our institution,
the vascularized fibula head graft has been used to
reconstruct the proximal humerus and the distal
radius. The aim of the present study was to analyze
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the operative results, complications, and postoper-
ative function after vascularized fibula head graft
transfer and the indications for this procedure.

PATIENTS AND METHODS

From 1998 through 2008, vascularized fibula
head grafts were transferred at the National Can-
cer Center Hospital to reconstruct the upper limb
following resection of tumors of the proximal hu-
merus in four patients and the distal end of radius
in four patients. The eight patients (four men and
four women) ranged in age from 4 to 57 years
(mean, 32 years). Seven patients had a primary
malignant tumor of the upper limb, and one pa-
tient had failure of a prosthetic of the proximal
humerus. The initial pathologic diagnoses were as
follows: giant cell tumor in four patients, chon-
drosarcoma in three patients, and synovial sar-
coma in one patient.

Disclosure: The authors have no financial interest
to declare in relation to the content of this article.

www.PRSJournal.com
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Fig. 1. Radiograph of patient 5 obtained 1 year after the fibula
head had been harvested.

were evaluated in four patients who underwent re-
construction of the distal radius.

RESULTS

All vascularized fibula head grafts were trans-
ferred successfully. However, surgical débride-
ment was required for necrosis of a parascapular
flap that was transferred simultaneously with the
vascularized fibula head graft in patient 4. Bone
union between the transferred fibula bone and

Plastic and Reconstructive Surgery ¢ March 2011

residual bone was achieved within 6 months in all
except two patients (patients 2 and 4). Although
pseudoarthrosis was observed in these two patients
(25 percent), additional surgery was not per-
formed because clinical symptoms were absent
and because the patients refused further surgery.
Furthermore, the bone-fixing plates became de-
viated in patient 3 (12.5 percent), and secondary
fixation was required 2 months after surgery.

Donor-site morbidity was observed in one pa-
tient: peroneal nerve paralysis (12.5 percent) oc-
curred but resolved spontaneously with conserva-
tive treatment within 3 months. Regarding the flap
donor site, there were no cases that showed insta-
bility of an ankle or the knee joint or gait distur-
bance during the follow-up period. The mean fol-
low-up period was 4 years 6 months (range, 9
months to 10 years). During the follow-up period,
absorption of the transferred fibula head was not
observed in any of the patients (Table 3).

The overall functional rating of the Musculo-
skeletal Tumor Society scores after reconstruction of
the proximal humerus were 73, 63, 80, and 63 per-
cent in patients 1 through 4, respectively; and the
mean functional rating of the reconstructed shoul-
der joint was 70 percent (Table 4). According to the
Musculoskeletal Tumor Society scores, a score of 1
is the worst and a score of 5 is the best for each item.
Theresults with regard to pain and manual dexterity
were satisfactory, with scores in all patients of 5.
However, the function and positioning of the hand
were unsatisfactory; in one patient it was 3, and the
other three patients had a score of 1 or 2 for each
item. The Musculoskeletal Tumor Society scores
were similar in all patients who had undergone re-
construction of the proximal humerus.

Table 2. Functional Rating System of the Musculoskeletal Tumor Society for the Upper Extremity

Rating
5 4 3 2 1 0
Pain None Intermediate  Modest/ Intermediate  Moderate/ Severe/
nondisabling intermittently continuously
disabling disabling
Function No restrictions  Intermediate  Recreational Intermediate  Partial Total
restrictions occupational occupational
restriction restriction
Emotional ) .
acceptance Enthusiastic Intermediate  Satisfied Intermediate  Accepts Dislikes
Positioning of  Unlimited Intermediate  Not above Intermediate  Not above None
the hand shoulder or waist
no pronation
or supination
Manual No limitation Intermediate  Loss of Intermediate  Cannot pinch Cannot grasp
dexterity _movement ) ‘ .
Lifting ability Normal load Intermediate  Limited Intermediate  Helping only Cannot help
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Table 3. Postoperative Course of the Eight Patients

Postoperative Current Follow-Up
Patient Ossification (mo) Response Condition Absorption Period Prognosis
1 1 Follow-up Good None 1 yr 8 mo CDF
2 None Follow-up False joint None 6 yr 9 mo DOD
3 2 Refixation Good None 6 yr 6 mo CDF
4 None Follow-up False joint None 10 yr “DF
5 3 Follow-up Good None 9 yr 6 mo CDF
6 4 Reoperation (débridement) Good None 2 yr 3 mo CDF
7 6 Follow-up Good None 4 yr 5 mo CDF
8 3 Follow-up >o0d None 9 mo CDF
CDF, continuously disease-free; DOD, died of disease.
Table 4. Musculoskeletal Tumor Society Scores
Emotional Positioning Manual Lifting Overall Functional
Patient Pain Function Acceptance of Hand Dexterity Ability Rating (%)
1 5 2 5 2 5 3 73
2 5 1 3 2 5 3 65
3 5 3 5 3 5 3 80
4 5 1 3 2 5 3 63
Mean 5 1.75 4 2.25 5 3 70

The range of motion and stability of the wrist
joint were examined in patients who had under-
gone reconstruction of the distal radius (Table 5).
No specific patterns of range of motion were
found. Because of instability of the wrist, patient 6
used wrist joint orthotics. Wrist joint instability was
absent in the other patients.

DISCUSSION

Procedures for functional reconstruction of
bone defects of the upper limb include clavicula
pro humero® and the use of artificial joint mate-
rials, free bone grafts, vascularized bone grafts,
and bone cement. Of these procedures, transfer of
avascularized fibula graft is the most widely used.
In particular, the fibula bone graft containing the
fibula head is suitable for reconstructing bone
defects, including the shoulder or wrist joint, be-
cause of the anatomical similarity of the surfaces
of these joints to the fibular head. Experimental
applications of this procedure have been well
described.’ The advantages of the vascularized
fibula head graft are prevention of surgical infec-
tion and bone absorption, because of its sufficient
blood flow, and good bone union between the

Table 5. Range of Motion and Grip Strength

residual bone and transferred bone. Furthermore,
the biceps femoris tendon attached to the fibula
head facilitates arthroplasty.

Vascular Anatomy of the Vascularized Fibula
Head Graft

When a vascularized fibula head graft is trans-
ferred, the anatomical territory of the vascular
pedicle should be considered. Taylor et al. have
reported a reliable blood supply from the anterior
tibial artery to the proximal epiphysis and the
proximal two-thirds of the diaphysis of the fibula.!?
Mozaffarian et al. performed an anatomical study
of the fibula head using fresh cadavers. According
to that study, the anastomotic system between the
anterior tibial artery and the peroneal artery are
efficient enough to permit transfer of proximal
fibular epiphysis and its adjacent 13 cm of
diaphysis."" Innocenti et al. reported that the re-
current epiphyseal branch arises from the anterior
tibial artery approximately 2 cm from its origin'?
(Fig. 2). In contrast, the dominant blood z,upply to
the distal two-thirds of the fibula comes from the
peroneal artery and vein. Therefore, when a short
vascularized fibula head graft is to be transferred,

Patient Flexion (degrees) Extension (degrees) Pronation (degrees) Supination (degrees) Instability
5 70 20 90 40 None

6 10 20 20 20 None

b 20 30 30 30 Present
8 50 50 30 0 None
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Popliteal artery

Posterior tibial artery —

Anterior tibial artery

Artery of the neck

__ Artery of the neck
and peroneal artery branch

4 Peroneal artery

Fig. 2. Vascular anatomy of the fibula head.

we use the anterior tibial vessels as the vascular
pedicle. In patients who require a long vascular-
ized fibula head graft, we usually choose the per-
oneal vessels as the vascular pedicle. In the present
study, the anterior tibial vessels were used as the
vascular pedicle in four patients. In other cases,
the peroneal vessels or inferior genicular vessels
were used. In patients with giant cell tumors of the
distal radius, bony defects were comparatively
short, and the pedicle usually consisted of anterior
tibial vessels. The blood flow to both the fibula
head and the peripheral part of the fibula should
be considered in patients with long bone defects.
If anterior tibial vessels are used as the vascular
pedicle in patients with long bone defects, the
blood flow to the distal side of the graft may be
poor, and bone union between the transferred
bone and residual bone mightnot be obtained. In
this series, pseudoarthroses were formed without
sufficient bone union in two patients in whom
anterior tibial vessels had been used as vascular
pedicles. In contrast, when peroneal vessels were
used as the vascular pedicle for along vascularized
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fibula head graft, the blood flow to the distal end
was good, but the blood flow to the fibula head was
poor. However, in patient 3, in whom peroneal
vessels were used as the vascular pedicle, hemor-
rhage from the fibular head was observed after
microvascular anastomosis. Furthermore, absorp-
tion of the head fibula was not observed during
postoperative follow-up.

In patients 2 and 4, in whom short bony defects
of the proximal humerus were reconstructed, an-
terior tibial vessels were used as the vascular pedi-
cle. In both of these patients, bone fractures oc-
curred between the transferred fibula and the
residual bone, and pseudoarthroses were formed.
The fractures were thought to have been caused by
external force, defects of plating fixation and,
most importantly, inadequate blood flow to the
peripheral part of the wransferred fibula. Ad-El et
al. have reported that a sufficient blood supply was
obtained both in the diaphysis of a long fibular
graft and in the fibular head by using both the
peroneal artery and the specific branch to the
fibular head as a bipedicled free flap.'®> However,
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in clinical practice, such problems as securing re-
cipient vessels and using a cumbersome operating
procedure may be encountered during recon-
struction with bipedicled flaps.

In patients 1, 3, and 6, peroneal vessels were
used as vascular pedicles. For patient 1, an infant,
two-thirds of the total length of the fibula (14 of
21 cm) was used (Figs. 3 and 4). In the three

Fig. 3. Patient 1, a 4-year-old boy, presented with chondrosarcoma of the proximal hu-

patients in whom peroneal vessels were used, good
blood flow to the fibular head was recognized
intraoperatively. In all of these patients, the fibula
head was not absorbed, and good bone union was
obtained between the transferred fibula and the
residual bone. For this reason, using peroneal ves-
sels as vascular pedicles for the fibula head is ap-
propriate for reconstructing long bone defects.

merus. (Left) Preoperative radiograph showed a 10 X 14 X 7-cm tumor. (Right) Radiograph
obtained 3 months postoperatively showed good ossification between the transferred and

residual bone.

Fig.4. (Left) At3 months postoperatively, the patient could gripabook with the affected limb. (Right)

o .

At 3 months postoperatively, the patient demonstrates elevation of the upper limb.

1249




Plastic and Reconstructive Surgery ¢ March 2011

Our policy for choosing the vascular pedicle
for vascularized fibula head grafts is as follows. For
patients in the growing years, the first choice is an-
terior tibial vessels, because of the blood flow to the
epiphyseal line. When the bone defect extends far-
ther than the proximal two-thirds of the diaphysis of
the fibula, we choose bipedicled reconstruction or
peroneal vessels after having confirmed the bleeding
from the fibula head. For adults with bone defects
shorter than 10 cm, anterior tibial vessels are rec-
ommended as the vascular pedicle of the vascular-
ized fibula head graft. When bone defects in adults
are longer than 10 cm, peroneal vessels should be
used, because the blood supply to both the head and
peripheral part of fibula is more secure (Fig. 5).

When anterior tibial vessels are used, the vas-
cular pedicle of the vascularized fibula head graft
may be too short. In such cases, a vein graft in-
terposition is required between the flap and the
recipient vessel. In our series, a vein graft was used
for the arterial anastomosis in three cases, includ-
ing two cases in which the anterior tibial artery was
used as the flap pedicle and one case in which the
inferior lateral genicular artery was used. Another
procedure to compensate for a short vascular pedi-
cle is to use the anterior tibial artery in a reverse
manner. Sawaizumi et al. have described a free vas-
cularized epiphyseal transfer design based on re-
versed anterior tibial vessels. The length of the vas-
cular pedicle is approximately 8 cm.'* We used this
procedure in patients 4 and 6. In contrast, a vein
graft was not needed for venous anastomosis. Fur-

thermore, our vascularized fibula head grafis based
on peroneal vessels had long pedicles, and addi-
tional vein grafts were not needed.

Postoperative Function

Shoulder Joint

The mean overall functional score in patients
who underwent reconstruction of the proximal
humerus was 70 percent (range, 63 to 80 per cent).
The elevation of the shoulder was a minor posn—
bility, and physical limitation of the elbow joint
and the wrist joint was not found in any of our
patients. In each subject, scores were higher with
regard to pain and manual dexterity and were
lower with regard to function and positioning of
the hand. Ol:u results after reconstruction of the
proximal humerus were similar to those of
O’Connor et al.” These unsatisfactory functional
results can be attributed to the extended dissec-
tion of the periarticular tissue, muscles, and nerves
of the shoulder. Although the stumps of the del-
toid muscle and rotator cuff were sutured with
transferred bone to increase postoperative func-
tion, the functional result was still unsatisfactory.'®
The highest Musculoskeletal Tumor Society score
(80 pelcent) was in a patient who had under gone
shoulder joint fixation. In this case, plate fixation
from a shoulder joint to a residual bone of the
elbow joint neighborhood was performed. Certain
solidity of the transferred bone and the residual
bone was achieved, and it was thought that good

f Age of the patient

! Growing years case '

-

Bone defect longer than
proximal two-thirds of fibula

Adult case

l Bone defect longer than 10 cm ]

/E

YES

! Anterior tibial vessels

=

Bipedicled reconstruction or
peroneal vessels after having confirmed
bleeding from fibula head

‘ Peroneal vessels ]

Fig. 5. Algorithm for selecting vascular pedicles of the fibula head graft.
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R skl 4
Fig.6. Patient5,a28-year-old man, presented with a giant cell tumor of the distal radius. (Above, left) Preoperative
radiograph shows a 48 X 38 X 35-mm tumor. (Right) Harvested 7-cm-long vascularized fibula head graft. (Below,
feft) Radiograph obtained 3 years postoperatively shows good ossification between the transferred bone and the
residual bone.

Fig. 7. At3years postoperatively, the patient demonstrates (above) extension
and (below) flexion of the wrist joint,
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postoperative function was obtained. Fuchs et al.
reported that good shoulder function was ob-
tained by shoulder arthrodesis.'” Like this case,
the arthrodesis plate fixation should be considered
in the comparatively long bone defect case in an
adult patient. The vascularized fibula head graft has
a rich blood flow and can be used safely for recon-
struction of long bone defects, in comparison with
osteoarticular allograft.'® Nishida et al. reported the
ratio of complications with reconstruction after re-
section of the proximal humerus." Our results after
reconstruction of the proximal humerus were com-
paratively better than other reports.

Tumors of the proximal humerus appear more
comumonly during infancy and adolescence. The dif-
ference in arm length attributable to subsequent
growth becomes a major problem for these patients.
With the vascularized fibula head graft, postopera-
tive bone growth can be expected by transferring the
epiphyses at the same time, and this is the major
characteristic of this procedure. For this reason, the
growing child is the ideal patient for vascularized
fibula head graft transfer.

Distal Radius

The function of the wrist joint after recon-

struction of the distal radius showed no specific
patterns. The range of motion of the wrist differed
greatly between patients 5 and 7 despite the sim-
ilar primary diseases and ages of the patients (Figs.
6 and 7). This difference in range of motion was
attributable to scar tissue from an operation per-
formed 5 years earlier. In patient 6, the range of
motion of the wrist joint was worse than in other
patients, and additional surgery was needed to
treat exposure of the transferred bone and infec-
tion 2 years after vascularized fibula head graft
transfer. In this patient, wide resection of the sur-
rounding soft tissue and postoperative irradiation
were required for treatment of the tumor. Multi-
modal therapy or repeated surgery can impair the
postoperative function of the wrist joint. In con-
trast, the range of motion in patients with giant
cell tumors was good. Giant cell tumors have a
predilection for the distal radius but are benign
and seldom require wide resection involving the
surrounding soft tissue.?’"* For this reason, satis-
factory postoperative range of motion is more eas-
ily obtained in cases of giant cell tumor than in
patients with malignant tumors. Giant cell tumor
is the best indication for wrist joint reconstruction
with a vascularized fibula head graft.

We performed wrist arthroplasty with the sling
method in all cases. The transferred vascularized
fibula head graft was slung over the carpal bones
using the laden biceps femoris tendon on the fib-
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ula head. Minami et al. have reported thata partial
wrist arthrodesis with a vascularized fibular shaft
graft is a more useful and reliable procedure for
treating giant cell tumors of the distal radius than
wrist ar throplasty with a vascularized fibular head
graft.** However, the wrist joint becomes com-
pletely immobile when it is fixed rigidly by means
of arthrodesis. Therefore, the sling method is our
first choice for wrist joint reconstruction with a vas-
cularized fibula head graft, because the mobility of
the wrist joint is preserved. However, arthrodesis is
indicated in cases similar to patient 6, in whom wide
resection of the periarticular tissue was performed.
The most important point regarding reconstruction
of the wrist joint is that the most suitable procedure
should be chosen for individual patients, with con-
sideration of the primary disease, the extent of dis-
section, age, and other factors.

CONCLUSIONS

Transfer of a vascularized fibula head graft is
a delicate, high-risk operation even if pertm med
by expenenced orthopedic or plastic surgeons.?
The procedure for reconstruction of the upper
limbs must be decided on the basis of the length
of the bone defect, the extent of dissection, pre-
operative or postoperative adjuvant therapy, the
frequency of complications, patient age, and pa-
tient preference. The upper limbs are common
sites of giant cell tumors and chondrosarcomas.
These tumors have a good prognosis, and trans-
fer of a vascularized fibula head graft for recon-
struction of defects of the upper limbs must be
performed in these patients to regain function
postoperatively. Patients with benign tumors are
good candidates for vascularized fibula head
graft transfer. However, for patients with malig-
nant tumors who have undergone wide resec-
tion, the reconstruction method, including the
arthrodesis, must be considered on an individ-
ual basis. Transfer of a vascularized fibula head
graft is appropriate for reconstruction in in-
fants, in whom subsequent bone growth is ex-
pected, and for salvage procedures after failure
of artificial materials.
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