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Figure 4. Morphological changes of OS cells treated with C7orf24-siRNA. A: Phase-contrast micrographs of HOS 72 h after the transfection of
$iRNAs (10 nM). B: Fluorescent micrographs of HOS 72 h after the transfection of siRNAs (10 nM). C: Phase-contrast micrographs of HOS cells
treated with siRNSs (10 nM) for the period indicated. D: Phase-contrast micrographs of OS cell lines 72 h after the transfection of siRNAs (10 nM).

cancer/normal whole-genome microarray data sets to form an Oakley et al. tried to purify human vy-glutamyl
integrated training data set with 799 samples from 21 tissue  cyclotransferase (GGCT) (18), an enzyme in the y-glutamyl
types, mot including bone sarcomas (17). Here we cycle that catalyzes the formation of 5-oxoproline from v-
demonstrated that C7orf24 expression is also up-regulated in ~ glutamyl dipeptides and potentially plays a role in
bone sarcomas. glutathione homeostasis (19, 20). They found that the gene
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Figure 5. Motility and invasiveness of HOS cells treated with siRNAs. A: Motility of HOS celis. Cells thar passed through the pore of the control
membrane were stained (left panel) and the positively stained cells were counted (right panel). B: Invasiveness of HOS cells. Cells that passed
through the marrigel were stained (left panel) and the positive by stained cells were counted. The fraction of invading cells was determined as

described in Materials and Methods and is indicated in the right panel.

encoding GGCT is C7orf24 (18), although the functional
relevance to the growth of cancer cells is not known.
Recently, Gromov et al. identified C7orf24 as an up-
regulated protein by 2DE proteomic analyses in 123 samples
of breast cancer (21). They validated the up-regulation of
CTorf24 expression using a larger number of samples (2,197
samples) and found that approximately one fourth of tumors
expressed C7orf24. Interestingly, the prognosis was poorer
for patients with C7orf24-positive tumors than those with
CTorf24-negative tumors. They also analyzed other types of
cancer, including cervical, lung and colon cancer, and found
that a significant proportion expressed C7orf24 (58%, 38%,
and 72%, respectively). In addition, they established a
method to monitor the level of C7orf24 in serum, and
proposed C7orf24 as a general cancer biomarker.

In this study, we demonstrated that the knock-down of
C70rf24 expression inhibited the growth of OS cells, as we
previously observed for bladder cancer cell lines. The
molecular mechanism responsible for this inhibition is not yet

known. Although the knockdown effect of C70rf24-siRNA
showed no significant differences, the growth-inhibitory effect
differed among cell lines. On treatment with C70rf24-siRNA,
significant morphological changes were observed in HOS
and, to a lesser degree, in other OS cell lines. Because the
extent of the morphological change seemed to correspond to
the degree of growth reduction in each cell line, these two
phenotypes may be related to each other. In the case of HOS,
the knockdown of C70rf24 reduced cell motility and invasion,
which also may relate to morphological changes. Based on
these biological consequences, it is rational that gene
ontology identified a set of genes related to cell adhesion as
being up-regulated using C70rf24-siRNA. It is also intriguing
that a set of genes relating to protein transport and
localization was identified as being down-regulated using
C70rf24-siRNA. Although we have no clear explanation of
how these molecules contribute to the phenotype observed in
this study, the current findings will be useful for
understanding the role of C70rf24 in cancer.
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Table I. Genes up- or down-regulated by C7orf24-siRNA.

Entrez gene Description Ontological term
number
Cell System
adhesion development

Up-regulated genes

780 Discoidin domain receptor family, member 1 +

999 Cadherin 1, type 1, E cadherin (epithelial) +

1525 Coxsackie virus and adenovirus receptor +

1952 Cadherin, EGF LAG seven pass G type receptor 2 (flamingo homolog, Drosophila) +

3693 Integrin, beta 5 +

3728 Junction plakoglobin +

4240 Milk fat globule EGF factor 8 protein +

4753 NEL-like 2 (chicken) +

4973 Oxidised low density lipoprotein (lectin-like) receptor 1 +

10100 Tetraspanin 2 +

10516 Fbulin 5 +

50509 Collagen, type V, alpha 3 +

130271 Pleckstrin homology domain containing, family H (with MyTH4 domain) member 2 +

3730 Kallmann syndrome 1 sequence + +

3897 L1 cell adhesion molecule + +

7057 Thrombospondin 1 + +

5376 Peripheral myelin protein 22 +

8522 Growth arrest specific 7 +

9241 Noggin -

9723 Sema domain, immunoglobulin domain, short basic domain, secreted, (semaphorin) 3B +

11075 Stathmin like 2 +

50861 Stathmin like 3 +

84612 Par 6 partitioning defective 6 homolog beta (C. elegans) +
Entrez gene Description Ontological term
number

Intracellular protein Protein
transport localization

Down-regulated genes

5192 Peroxisome biogenesis factor 10 + +

5824 Peroxisomal biogenesis factor 19 + +

6747 Signal sequence receptor, gamma (translocon-associated protein gamma) + +

93590 A kinase (PRKA) anchor protein (gravin) 12 + +

10254 Signal transducing adaptor molecule (SH3 domain and ITAM motif) 2 + +

10802 SEC24 related gene family, member A (S. cerevisiae) + +

26985 Adaptor-related protein complex 3, mu 1 subunit + +

79716 Aminopeptidase like 1 + +

89781 Hermansky Pudlak syndrome 4 + +

130340 Adaptor-related protein complex 1, sigma 3 subunit + +

8934 RAB7, member RAS oncogene family like 1 +

51715 RAB23, member RAS oncogene family +

54832 Vacuolar protein sorting 13 homolog C (S. cerevisiae) +
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Spindle cell sarcomas consist of tumors with different
biological features, of which distant metastasis is the most
ominous sign for a poor prognosis. However, metastasis is
difficult to predict on the basis of current histopathologi-
cal analyses. We have identified actin filament-associated
protein 1-like 1 (AFAP1L1) as a candidate for a
metastasis-predicting marker from the gene expression
profiles of 65 spindle cell sarcomas. A multivariate
analysis determined that AFAP1L1 was an independent
factor for predicting the occurrence of distant metastasis
(P =0.0001), which was further confirmed in another set
of 41 tumors by a quantitative mRNA expression analysis.
Immunohistochemical staining using paraffin-embedded
tumor tissues revealed that the metastasis-free rate
was significantly better in tumors negative for AFAP1L1
(P=0.0093 by log-rank test). Knocking down the
AFAPILI gene in sarcoma cells resulted in inhibition of
the cell invasion, and forced expression of AFAP1L1 in
immortalized human mesenchymal stem cells induced
anchorage-independent growth and increased cell inva-
siveness with high activity levels of matrix metallo-
peptidase. Furthermore, tumor growth in vivo was
accelerated in AFAP1L1-transduced sarcoma cell lines.
These results suggest that AFAP1L1 has a role in the
progression of spindle cell sarcomas and is a prognostic
biomarker.
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Introduction

Sarcomas are non-epithelial malignant tumors that develop
in mesenchymal tissue and classified into two groups on the
basis of cellular morphology. Small round cell sarcomas,
also known as blue tumors from their color on hema-
toxylin and eosin staining, include alveolar rhabdo-
myosarcomas and Ewing’s sarcomas that develop in soft
tissue and bone, respectively. Both have tumor-specific
chromosomal translocations creating tumot-specific
fusion genes (Helman and Meltzer, 2003; Toguchida and
Nakayama, 2009). Spindle cell sarcomas, named for
their flattened, elongated and fibroblastic morphology,
far outnumber the first group. Malignant fibrous histio-
cytomas (MFHs) and ostesarcomas, the prototypes of
this second group, develop in soft tissue and bone,
respectively. They are generally radio- and chemoresis-
tant, although high-dose, multidrug combination
chemotherapy is effective for osteosarcomas. Except
for some tumors, such as synovial sarcomas, which are
characterized as having SYT-SSX fusion genes (Clark
et al., 1994), most spindle cell sarcomas lack tumor-
specific genetic alterations (Toguchida and Nakayama,
2009). Mutations of tumor suppressor genes such as the
RB and p53 genes are found in many cases but not all
(Toguchida et al., 1992; Wadayama et al., 1994). The
histopathological complexity of soft tissue sarcomas
is an issue. For example, MFH used to be considered
the most prevalent soft tissue sarcoma but now the
pathological concept is controversial (Fletcher er al.,
2001). To overcome this complexity, a number of gene
expression profiling studies have been performed to
classify spindle cell sarcomas and identify prognostic
markers (Nielsen er al., 2002; Lee et al., 2004; Francis
et al., 2007; Nakayama et al., 2007). Our group has also
identified such markers using a custom-made cDNA
microarray consisting of 23040 genes in various types
of malignant tumors (Nagayama et al., 2002). As for
synovial sarcomas, we have identified fibroblast growth
factor (Ishibe et al, 2005), Wnt-FZDI10 (frizzled
homolog 10) (Nagayama et a/., 2005) and retinoic acid
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signals as molecular targets in synovial sarcomas (Ishibe
et al., 2008). For other types of tumors, however, the
identification of tumor-specific markers is made difficult
by small numbers of cases. Therefore, we have taken a
different approach using the microarray data, trying to
identify genes associated with aggressive phenotypes
irrespective of the pathological diagnosis. Using distant
metastasis as a discriminating factor, we have identified
actin filament-associated protein 1-like 1 (AFAP1IL1) as
a candidate prognostic marker for spindle cell sarcomas.
Here, we report that AFAPIL1 has a significant role
in the progression of spindle cell sarcomas and is a
prognostic marker as well as a potential target for
molecular therapy.

Results

Identification of AFAPILI as a metastasis-related gene
in spindle cell sarcomas
Genome-wide gene expression profiles of 65 soft tissue
spindle cell sarcomas (STSs) were analyzed with a
c¢DNA microarray system consisting of 23040 genes,
and mesenchymal stem cells (MSCs) were used as a
reference (Nagayama ef al., 2002). The expression of
each gene in tumor samples was demonstrated as the
ratio of the signal intensity in tumor samples and MSCs
{Nagayama ef al., 2002). Tumor samples were classified
as positive for the gene if the ratio was more than
1.0, and negative if the ratio was 1.0 or less. Distant
metastases developed in 29 cases, the remaining 36
patients being metastasis-free until the last follow-up
{minimum of 61 months). The fraction of cases positive
for each gene was calculated among tumors with
and without metastasis, and statistical analyses were
performed to identify genes associated with distant
metastasis. This procedure identified the AFAPILI
gene, for which 21 of 29 cases with metastasis
(Figure 1a) and 11 of 36 cases without metastasis
(Figure 1b) were positive, and the difference was
statistically significant (P=0.0011, Fisher’s exact test).
When the 65 cases were divided into AFAPILI (+)
and AFAPIL1 (~) groups on the basis of the value
relative to that of MSC, the metastasis-free fraction of
AFAPILI (+) cases was lower than that of AFAP1ILI1
(—) cases (Figure 1c). AFAPIL! is a member of the
AFAP family along with AFAP-110 and AFAP1L2.
AFAP-110 was identified as one of several major
substrates of the viral oncogenic protein tyrosine kinase
v-Src (Kanner et al., 1990; Flynn er al., 1993) and has
been shown to function as an actin filament crosslinking
protein with a fundamental role in the actin cyto-
skeleton’s arrangement (Baisden et al, 2001a). More-
over, it has been demonstrated that AFAP-110 is over-
expressed in breast and prostate cancers and contributes
to tumorigenic growth by regulating focal contact
sites (Dorfleutner et al., 2007; Zhang et al., 2007). No
previous reports concerning the function or involvement
in cancer of AFAP1L1 have been published.

Although the overall amino-acid sequence similarity
between AFAP-110 and AFAPIL1 is as much as 44%,
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Figure 1 Identification of the AFAPIL] gene as a metastasis-
associated gene of STSs. Expression of the AFAP1L1 gene in STSs
with metastasis (N=29) (a), and without metastasis {N = 36) (b).
The expression level of the AFAPIL] gene in each tumor is
demonstrated relative to that in human bone marrow stem cells
(hBMSCs). For convenience, the highest value is set as 100.
Samples with a relative value of more than 100 are indicated by
asterisks, and those with a relative value of less than 1.0, by
rectangles. LMS, leiomyosarcoma; LS, liposarcoma; MFH, malig-
nant fibrous histiocytoma; MPNST, malignant peripheral nerve
sheath tumor; SS, synovial sarcoma; UDS, undifferentiated
sarcoma. (¢) Metastasis-free fraction of the initial set of STSs.
A total of 65 STSs were divided by the expression level of the
AFAPILI gene relative to that in hBMSCs: the relative value in
AFAP1L1 (+) tumors was more than 1.0 and the relative value in
AFAP1L1 (—) tumors was equal to or less than 1.0. The metastasis-
fee fraction of each group was demonstrated by a Kaplan-Meier
curve.

AFAPI1L1 shared most of the predicated domain struc-
tures with AFAP-110, such as two pleckstrin homology
domains, two Src homology 2 domains (SH2), and a
putative leucine zipper domain (Figure 2a) (Baisden
et al., 2001a). A polyclonal antibody was raised against
its 79 N-terminal amino acids, which showed no homo-
logy with AFAP-110 (Figure 2a). Western blotting using
this antibody showed a band with a molecular size of
90-100kD in cell lines expressing the AFAPILI gene
(Figure 2b). When a set of sarcomas and human MSCs
(hMSCs) were analyzed by quantitative PCR (qPCR),
clear differences in the expression patterns between
AFAP-110 and AFAPILI were found (Figure 2c). The
expression of AFAP1L1 was much higher in sarcoma
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Figure 2 Comparison of AFAP-110 and AFAPILI. (a) Predicted domain features of AFAPIL1 and AFAP-110. An oligopeptide
derived from the hatched region was used as an antigen to raise a polyclonal antibody for APAPIL1. Validation of the anti-AFAP1L]
antibody. LZ, leucine zipper domain; PH, pleckstrin homology domain; SH2, Src homolog 2 motif. (b) Expression of AFAPILI in
sarcoma cell lines. mRNA expression was analyzed by reverse transcription—PCR and protein expression was analyzed by western
blotting using anti-AFAP1L1 antibody. B-Actin was used as a control. (¢) Comparison of AFAP-110 and AFAP1L1 expression in cell
lines and tissue samples. mRNA expression of AFAP-110 and AFAP1L1 in sarcoma tissues, sarcoma cell lines and human bone
marrow stem cells (hBMSCs) was analyzed by qPCR. The expression level of each gene is demonstrated as a value relative to that in

hBMSCs (BM20).

tissues and cell lines than in normal hMSCs (P <0.0001,
Man-Whitney U test), whereas the expression of
AFAP-110 was slightly higher in MSCs than in sarcoma
tissues and cell lines (P =0.0122, Man-Whitney U test)
(Figure 2c). On the basis of these results, we focused on
the AFAPILI gene.

Confirmation of the significance of AFAPILI in
multivariate analyses

To confirm the significance of AFAPIL1 expression
in the clinical behavior of STSs, the 65 cases were
divided into two or more groups on the basis of clinico-
pathological factors, such as gender, age, location, size,
depth, previous treatment history, surgery, and chemo-
therapy, pathological stage and pathological diagnosis,
in addition to the expression of AFAPIL1 (Table 1).
These factors were known to contribute to the prog-
noses in sarcoma patients (Ottaiano et al., 2005). When

the occurrence of distant metastases was used as an
endpoint, AFAPIL1 expression was confirmed as a
significant factor along with age and FNCLCC grade in
univariate analyses (Table 1). These three factors were
found to contribute independently to the prognosis in
multivariate analyses (Table 1).

Association of AFAPILI expression with metastasis
was confirmed in the second set of tumors

To confirm the significance of 4FAPILI gene expres-
sion, a second set of tumors consisting of 41 STSs was
analyzed (Supplementary Table 1). Their clinical charac-
teristics were almost equivalent to those of the tumors
used in the initial analyses except for the pathological
classification, due to a recent refinement of the diag-
nostic criteria for MFH (Fletcher et al., 2002). STSs
with no definitive features, which might be diagnosed as
MPFHs, were classified as ‘undifferentiated sarcomas’ in

Oncogene
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Table 1 Cox’s proportional hazards model analysis of factors relating to distant metastases in patients with STS
Variables Classes No. of  Comparison Hazard 95% CI Unfavorable/ P-value
cases ratio Favorable
Univariate analysis
Gender Female 39 Female vs male 0.872 0.416-1.828 0.7173
Male 26
Age >60 31 260 vs <60 2411 1.116-5.208 =60 60> 0.0251
<60 34
Location Extremities 44 Extremities vs trunk 0.759 0.350-1.645 0.4840
Trunk 21
History Primary 49 Primary vs recurrence 1.212 0.517-2.843 0.6578
Recurrence 16
Size >5cm 51 Z5cm vs <Scm 1.787 0.620-5.154 0.2826
<5cm 14
Depth Superficial 24 Superficial vs deep 1.185 0.550-2.552 0.6640
Deep 41
FNCLCC Grade 1 9 Grade 3 vs others 2.652 1.259-5.587 Grade3 Gradelor2 0.0103
Grade 2 28
Grade 3 28
Surgery Wide 33 Wide vs others 0.954 0.460-1.981 0.9004
Marginal 29
Intralesional 3
Chemotherapy Performed 29 Performed vs not performed 0.639 0.298-1.367 0.2482
Not performed 36
Diagnoses MFH 27 MFH vs others 0.709 0.329-1.527 0.3795
Synovial sarcoma 14
Leiomyosarcoma 10
Liposarcoma 7
MPNST 4
UDS 3
AFAPILI Positive 32 Positive vs negative 3.611 1.592-8.195  Positive Negative 0.0021
Negative 33
Multivariate analysis
Age 2.908 1.069-7.907 =60 60> 0.0365
FNCLCC 3.607 1.409-9.231  Stage3  Stage lor2 0.0075
AFAPIL1 4.001 1.656-9.665  Positive Negative 0.0021

Abbreviations: AFAP1LI, actin filament-associated protein 1-like 1; CI, confidence interval; FNCLCC, Fédération Nationale des Centres de Lutte
Contre le Cancer; MFH, malignant fibrous histiocytoma; MPNST, malignant peripheral nerve sheath tumor; STS, soft tissue spindle cell sarcoma;
UDS, undifferetiated sarcoma.

most cases. During the follow-up period (4-210 months a b

for all patients; 29-210 months for living patients), ' [ P=00334 5 i RGN
18 developed distant metastases and 23 were free from Y : T

metastasis until the last follow-up, and the qPCR analysis Ed : . s '
was used to evaluate the expression of the AFAPILI gene o 10 ” : 5 100 ’ z
in tumors of each group. In all, 48 of 65 samples in the 2 < % ’ :
first set of tumors were available for the gPCR analysis, s | = 5 £ o 1 L
which showed that the expression level of the AF4PILI e | e ; Py
gene was significantly higher in tumors with metastasis g - R kS b ”“
(N=29) than without (N=19) (P=00347, Man- © | 3 L
Whitney U test) (Figure 3a). A similar difference was @&V\Jf’\ & BN AP
found in the second set of tumors: The expression level of &S ﬂes;‘\‘;e@\ . <§;é‘"\ Salee”
the AFAPILI gene was significantly higher in tumors e %52 O® e

with metastasis (N = 23) than without metastasis (N =19)
(P =0.0093, Man-Whitney U test). Therefore, the asso-
ciation of AFAPIL] gene expression with metastatic
activity was confirmed in the second set of STSs.

Figure 3 gPCR analyses of AFAPIL] expression in STS. The
expression level of the 4FAPILI gene in the first (a) and second
(b) sets of STSs is demonstrated relative to that in human bone
marrow stem cells.

second set of tumors, in which AFAP1L1 had already
been analyzed by qPCR. On the basis of staining
intensity of positive cells, tumors were classified into

Immunohistochemical analysis of AFAPILI protein
in sarcomas

The expression of the AFAPIL1 protein was analyzed
in paraffin-embedded specimens of 36 STSs from the
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four groups; negative (—, 15 cases), weakly positive
(+, 6 cases), moderately positive (+ -+, 10 cases), and
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Figure 4 Expression of the AFAPIL] protein in tumor tissues. (a) Expression of the AFAPILI protein in tumor tissues.
Representative cases with negative (=), weak (+), moderate (4 -+) or strong (+ -+ +) staining of AFAPIL] are shown.
(b) Relationship between the mRNA expression and immunostaining of AFAPILI in tumors. The mRNA level of the AFAP/L1I gene
in tumors used in the immunohistochemical analyses is demonstrated relative to that in human bone marrow stem cells. (¢) Metastasis-
free fraction of tumors with positive and negative staining of the AFAPILI protein. In all, 36 tumors were divided into AFAPILI-
negative (—; 15 cases) and -positive (4, + -+, or + + +; 21 cases) groups, and the metastasis-fee fraction of each group was

demonstrated by a Kaplan-Meier curve.

strongly positive (+ + +, 5 cases) (Figure 4a). The
staining intensity of each tumor was consistent with the
result of gPCR (Figure 4b). In positive cases, AFAPIL1
was detected predominantly in the cytoplasm of tumor
cells. When tumors were simply divided into AFAP1L1-
negative (—, 15 cases) and positive cases (+, -+ + and
+ + 4+, 21 cases), the stepwise regression model showed
that the metastasis-free fraction of AFAP1LI-negative
cases was significantly higher than that of positive cases
(Figure 4c). There was no significant difference between
tumors positive and negative for the staining in terms
of patient’s age, tumor size and tumor depth. As for
FNCLCC grade, however, the number of high-grade
tumor (grade 3) in positive cases (12/21 cases) was
significantly higher than that in negative cases (3/15 cases)
(P =0.0407, Fisher’s exact test). Therefore, the association
of AFAP1L1 expression with metastasis was confirmed by
both mRNA and protein analyses, suggesting AFAPIL]1
to be a prognostic marker of spindle cell sarcomas.

Inhibition of AFAPILI expression reduced the
invasiveness

We next generated AFAPILI1-knocked down cells to
investigate the function of AFAPILI using an RNA
interference system mediated by a lentivirus. U20S and

1273/99 cells were used in these experiments because
they had abundant AFAP1LI expression among sarco-
ma cell lines tested (Figure 5a). Two non-targeting
sequences for mammalian genes (control RNAi-1 and
-2) and two AFAPI1LI-targeting sequences (AFAPIL1
RNAI-1 and -2) were employed for further experiments.
The transduction efficiency was 90-95% in U208 cells
and 85-90% in 1273/99 cells, as determined by counting
EmGFP-positive cells (data not shown), and the knock-
down of AFAPIL1 was confirmed effective by western
blotting (Figure S5a). As for proliferative ability, no
differences were found between the AFAPILI1-knock-
down cells and control cells in the U20S (Figure 5b) and
1273/99 cell lines (data not shown). However, matrigel
invasion assays revealed that knocking down AFAPIL1
resulted in reduced cell invasiveness (Figure 5c).

Induction of AFAPILI gene expression conferred
invasiveness

The cells of origin for sarcomas remain unclear but one
possible candidate is the MSC (Matushansky er al., 2007),
so we chose immortalized human MSCs (ihbMSCs) as
a recipient for AFAPIL1 transduction. hMSCs were
established in our laboratory and shown to be fully
transformed when the activated H-ras gene had been
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Figure 5 Downregulation of AFAP1L1 expression decreased invasiveness of sarcoma cells. (a) Western blotting of U20S and 1273/99
cells transduced with microRNAs. Either non-targeting (control RNAiI-1 or -2) or AFAPIL1-targeting (AFAPIL1 RNAi-{ or -2)
microRNA was introduced and the expression of AFAPIL! was analyzed 3 and 6 days later. (b) Growth curves of U208 cells
transduced with mircoRNAs. Cell viability was evaluated by WST-8 assay. (¢) Invasive ability of U20S and 1273/99 cells transduced
with mircoRNAis. Matrix invasiveness was calculated as described in materials and methods, and demonstrated as fold change relative

to control RNAI-1 cells. **P<0.01; *P<0.05.

introduced (Shima ez al., 2007). pLenti6/AFAPIL1 was
transduced into thMSCs, and several clones stably expres-
sing AFAP1L1 were established (hMSC/AFAPIL1) and
used for further experiments (Figure 6a). The growth of
AFAPIL1-transduced clones showed no significant change
compared with that of the parental ihMSCs or thMSC/
LacZ cells (data not shown), whereas invasiveness and
anchorage-independent growth were exaggerated in all four
ihMSC/AFAPIL1 clones (Figures 6b and c).

Tumor invasiveness correlates with the activity of
matrix metalloproteinases (MMPs), such as gelatinases,
MMP-2 and MMP-9 (Egeblad and Werb, 2002; Overall
and Kleifeld, 2006). To determine whether the increased
invasive ability of the ihMSC/AFAPILI clones was related
to increased excretion of MMPs, gelatin zymography was
performed. The ihMSC/AFAPILI clones showed signifi-
cantly increased activity of MMP-9 but not MMP-2
compared with control cells (Figure 6d). The increased
excretion of MMP-9 in two ihMSC/AFAPILI clones was
also confirmed by enzyme-linked immunosorbent assay
{Figure 6e). These results suggest that AFAPILI endows
ihMSCs with invasiveness, at least partly, by regulating
MMP-9’s excretion. In clinical samples, however, the
expression level of MMP-9 was not clearly associated with
that of AFAP1L1 (R?*=0.248) (Supplementary Figure S1).

Acceleration of tumor growth by AFAPILI expression
in vivo

The inoculation of ihMSC/AFAPIL1 clones subcuta-
neously into immunodeficient mice produced no tumors
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(data not shown), indicating that the overexpression
of AFAPIL] in immortal cells was not enough for
full transformation. To investigate whether AFAPIL1
modifies the phenotype of sarcoma cells without
endogenous AFAP1L1 expression in vivo, stably expres-
sing cell lines were generated using Saos2 cells as a
recipient (Saos2/AFAPIL1) (Figure 7a). The growth of
Saos2/AFAPIL1 clones in vitro showed no significant
change compared with that of parental Saos2 or Saos2/
LacZ control cells, but the invasive activity of Saos2/
AFAPILI clones increased, which was consistent with
that of IhMSC/AFAPIL1 clones (data not shown).
These Saos2 clones were subcutaneously inoculated into
the back of non-obese diabetic/severe combined im-
munodeficient mice to evaluate tumorigenesis and
metastasis. Tumor growth was accelerated in Saos2/
AFAPILI clones, although the extent of the increase
seemed not to completely match the level of AFAPILI
expression (Figures 7b and c). There was no metastasis
by any Saos2/AFAPIL! clones or control cells,
suggesting that the expression of AFAPIL1 was not
enough to produce distant metastasis in this animal
model.

Discussion

Tumor type-specific molecular markers have been
searched for in a variety of malignant tumors, in order
to predict biological phenotype and/or serve as a target
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**P<0.01; *P<0.05.

for therapy. In the case of spindle cell sarcomas,
however, the diversity and rarity of tumors have
hampered such efforts. The importance of this study
lies in having identified AFAPIL1 as a metastatic and a
prognostic marker of spindle cell sarcomas, irrespective
of pathological diagnosis. However, the significance of
this gene in the development of distant metastasis
should be carefully evaluated because our strategy
focused on the contribution of single genes. Recently,
two studies using large numbers of samples have been
published relating to prognostic and therapeutic mar-
kers for soft tissue sarcomas. Barretina et al. (2010)
performed an intensive analysis of 722 protein-coding
and miRNA genes using a combination of DNA
sequencing and a single-nucleotide polymorphism array
and identified several tumor subtype-specific genetic
alterations, some of which could be molecular targets
for therapy. Chibon et al. (2010) identified a set of 67
genes on the basis of genomic and expression profiling
and established a complexity index in sarcomas, which
can predict the prognosis of patients. Among 67 genes,
most were related to mitosis and chromosome manage-
ment, and the AFAPIL] gene was not included.

Clinical results clearly demonstrated the association
of AFAPIL1 with metastatic behavior of sarcomas in
our cohorts, but the molecular mechanisms underlying
this association are not yet clear. The results of
knockdown and forced-expression experiments using
sarcoma cell lines suggest that AFAPILI is involved
in the process of invasion. Increased invasion of the
matrix gel was confirmed in AFAPILI-introduced
ihMSC clones in association with an increase in excre-
tion of MMP-9, a common feature of highly invasive
malignant cells. We searched the ONCOMINE cancer
array database (http://www.oncomine.org) and found a
moderate correlation (R?*=0.6964) between AFAPIL1
and MMP-9 in glioblastomas (Sun ez al., 2006). We have
no clear explanation of why we failed to find a clear
association between the expression level of AFAPIL1
and that of MMP-9 in clinical samples (Supplementary
Figure S1). This may be due to the multifactorial control
of MMP-9 expression (St-Pierre et al., 2004), and factors
other than MMP-9 may be involved in the role of
AFAPIL1 in tumor cell invasion. In this respect, it is
intriguing that although the introduction of AFAPILI
expression caused no change in growth profiles in vitro,
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**P<(.01; *P<0.05. Statistical examination was carried out by analysis of variance. Six mice were used for each cell clone.

the formation of tumor masses was accelerated in vivo.
This suggested a role for AFAPIL1 at the interface
between tumor cells and environments. Although the
AFAPILI gene was identified as a metastasis-associated
gene from clinical data, we failed to find an association
of metastasis with the expression of AFAPILI in
experiments in vivo. The current experimental system
using the subcutaneous inoculation of osteosarcomas
cells may not be appropriate for evaluating the function
of AFAPILI.

AFAPIL! is a paralogue of AFAP-110, which is an
SH2/SH3-binding partner for Src (Flynn et al., 1993;
Guappone and Flynn, 1997; Qian et al., 1998). AFAP-
110 contains several protein-binding motifs at its amino
terminus and functions as an adapter protein for actin
filaments (Qian ef a/., 2000; Baisden et al., 2001b; Qian
et al., 2004). It is also required to control protein kinase
Co-mediated activation of c-Src and the subsequent
formation of podosomes (Gatesman ez al., 2004). AFAP1L2,
also known as XB130, is another paralogue of AFAP-110.
AFAPIL2 associates with Src as well (Xu et al., 2007)
and is predominantly expressed in the thyroid (Lodyga
et al, 2009). AFAP1L2 cooperates with RET/PTC
(rearranged in transformation/papillary thyroid carci-
nomas), a thyroid-specific tyrosine kinase, to increase
phosphorylation of AKT, suggesting a role in thyroid
cancer (Lodyga et al., 2009). In addition, although
AFAPIL2 has structural similarities to chicken AFAP-
110 with which it was identified in a search of databases,
it does not associate with actin filaments, suggesting a
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different role from that of AFAP-110 (Lodyga et al.,
2009). We have performed a series of experiments to
examine the association of AFAPIL] with actin
filaments but found no definite evidence of one (data
not shown). Although we speculate that AFAPILI acts
as an adapter protein on the basis of its structural
similarity to AFAP-110, AFAPIL1 functions in sarco-
ma cells via mechanisms distinct from those of AFAP-
110, which may confer aggressive biological features.

Materials and methods

Clinical samples

Tumor samples were obtained at resection surgery in Kyoto
University Hospital and preserved as described previously
(Nagayama et al., 2002). At least 90% of the viable cells in
each specimen were identified as tumor cells. Primary hMSCs
(hMSCs) were obtained and cultured by a method reported
previously (Shibata ez al., 2007). All samples were approved
for analysis by the ethics committee of the Faculty of
Medicine, Kyoto University.

Cell lines

HS-SY-II was kindly provided by H Sonobe (Kochi
University, Japan), SYO-1 by A Kawai (Okayama University,
Japan), Fuji by S Tanaka (Hokkaido University, Japan), 1273/
99 by O Larsson (Karolinska Institute, Sweden), NMS-2
(malignant peripheral nerve sheath tumor) by A Ogose
(Niigata University, Japan) and GBS1 (MFH) by H Kanda
{The Cancer Institute of the Japanese Foundation for Cancer



Research, Japan). ANOS, YaFuSS and an immortalized hMSC
(ihMSC) line were established in our laboratory as described
previously (Aoyama ef al., 2004; Ishibe et al., 2005; Shima e al.,
2007). Other cell lines were purchased from American Type
Culture Collection (Manassas, VA, USA) or Japanese Collection
of Research Bioresources (JCRB) (Ibaraki, Japan). Cells were
maintained in RPMI 1640 medium or Dulbecco’s modified
Eagle’s medium (DMEM, Sigma-Aldrich, St Louis, MO, USA)
with 10% fetal bovine serum (HyClone, Thermo Fisher Scientific
Inc., Waltham, MA, USA) at 37°C under 5% CO,.

Production of anti-AFAPILI polyclonal antibody

The polyclonal antibody for AFAPIL1 was raised by
immunizing rabbits with glutathione S-transferase-fused poly-
peptides corresponding to codon 35-113 of the human
AFAPIL] gene and purified with standard protocols using
affinity columns.

Immunohistochemical and immunocytochemical analyses
TImmunohistochemical experiments using paraffin-embedded
specimens of soft tissue sarcomas were performed as described
previously (Kohno et al., 2006). The anti-AFAPIL1 antibody
was used at a concentration of 1pg/ml. For immunocyto-
chemistry, cells were fixed with 4% paraformaldehyde,
permeabilized with 0.5% Triton X-100 and blocked with 1%
bovine serum albumin in PBS. Slides were incubated with
the anti-AFAPILI antibody or an anti-Flag M2 antibody
(Sigma-Aldrich) overnight and then with a corresponding
Alexa Fluor-conjugated secondary antibody (Invitrogen,
Carlsbad, CA, USA). When indicated, rhodamine—phalloidin
(Invitrogen) was used to stain actin fibers. Nuclei were stained
with 4,6-diamidino-2-phenylindole. Cells were viewed with an
IX81 (OLYMPUS, Tokyo, Japan) and photographed. The
scoring was performed by two researchers without information
on the clinical data for each sample.

Transient AFAPILI expression vectors

The coding region of the AFAPIL] gene was cloned into
the pCAGGS vector (pCAG/AFAPILIWT) tagged at the
N-terminus with 3 x Flag. Transfection of these vectors was
carried out using the Amaxa electroporation system (Amaxa
Biosystems, Cologne, Germany) according to the manufac-
turer’s instructions.

Lentiviral production

The BLOCK-IT Pol II miR RNAi Expression Vector Kit
(Invitrogen) was used to knock down the AFAPIL] gene. Two
oligonucleotides targeting AFAP1LI (Hmi456004 and 456007,
designated AFAPIL1 RNAi-i and -2) and two control
microRNAs that have no homology with mammalian gene
sequences (designated control RNAi-1 and -2) were designed
by and purchased from Invitrogen. They were annealed and
ligated into the pcDNA6.2-GW/EmGFP-miR, in which
microRNA expression was driven by a cytomegalovirus
promoter with simultaneous expression of EmGFP. The
cassette was subsequently cloned into pLenti6/VS-DEST, and
cells were infected with supernatant containing microRNA
lentiviruses (4.2 x 10°TU/ml) using the ViraPower Lentiviral
Expression System (Invitrogen). These microRNA-transduced
cells were prepared without drug selection or single-cell
cloning. To generate cells stably expressing AFAPILI, its
gene was cloned into pLenti6/VS-DEST by a PCR-based
method (pLenti6/AFAP1ILI). As a control, a B-galactosidase
gene-expressing vector (pLenti6/LacZ) was used. Cells were
infected with these lentiviruses and selected with blasticidin
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(Invitrogen) for two weeks. Several clones of pLenti6/AFAPILI-
transduced cells were isolated by limiting dilution. pLenti6/LacZ-
transduced control cells were used without cloning.

Western blot analyses

Western blot analyses were performed as described previously
(Kohno et al., 2006). Membranes were incubated overnight
with the anti-AFAP1L1 (1:1000), anti-Flag M2 (1:4000; Sigma-
Aldrich) or anti-B-actin (1:4000; Sigma-Aldrich) antibody.

Mazrigel invasion assay

Cell suspensions (2.5 x 10%) in 0.5 ml of DMEM without fetal
bovine serum were placed in the upper chambers of 8 um control
cell culture inserts (BD Biosciences, Franklin Lakes, NJ, USA) or
BioCoat matrigel invasion chambers (BD Biosciences), and 0.5 ml
of DMEM containing 5% fetal bovine serum was placed in each
lower chamber. After incubation for 22 h at 37 °C under 5% CO,,
cells on the upper surface of the membrane were mechanically
removed. The membranes were fixed, and stained with 1%
Toluidine blue. Cells were counted in five randomly chosen fields
under a magnification of x 100. Cell invasiveness was calculated
by dividing the number of cells invading through the matrigel
membrane by the number invading the control insert.

Cell growth assay

Cells were seeded on 96-well plates at a density of 1000 per well
in quadriplicate. The next day, cell viability was assessed by
WST-8 using a Cell Counting Kit (DOJINDO, Kumamoto,
Japan) every 24 h, according to the manufacturer’s instructions.

Colony formation in soft agar

Cells (1 x 10%) were suspended in DMEM containing 0.35%
agarose and layered on a solidified 0.7% agarose layer in
60-mm tissue culture plates and cultured at 37°C under 5%
CO,. After 4 weeks of incubation, p-iodonitrotetrazolium
violet (Sigma-Aldrich) was added to count viable colonies.

Gelatin zymography

Gelatinolytic activity of the supernatant was analyzed as
described elsewhere. Briefly, cells (4 x 10°) were incubated with
DMEM containing 10% fetal bovine serum for 24h and then
the medium was replaced with 0.5ml of OptiMEM1 (Invitro-
gen) containing 0.1% bovine serum albumin. After 16h of
incubation, the conditioned medium was analyzed on a 10%
Tris-glycine gel containing 0.1% gelatin. The gel was treated
with renaturating buffer for 30 min and with developing buffer
for 12h at 37 °C. Bands of gelatinolytic activity were visualized
after staining the gels with 0.1% coomassie brilliant blue
R-250 (Thermo Fisher Scientific Inc.) and then destaining. The
digested bands were scanned by ChemiDocXRS (Bio-Rad
Laboratories, Inc., Hercules, CA, USA).

Enzyme-linked immunosorbent assay

The expression of MMP-9 was quantified using a commer-
cially available enzyme-linked immunosorbent assay system
(Amersham matrix metalloproteinase-9 human biotrak ELISA
system, GE Healthcare, Little Chalfont, UK) according to the
manufacturer’s instructions.

Animal experiments

All experiments with animals were approved by the Animal
Research Committee (Graduate School of Medicine, Kyoto
University) and conducted according to the Guidelines for
Animal Experiments of Kyoto University. Cells (5 x 10

0
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suspended in 100 ul of PBS were injected subcutaneously into
the hind flank region of female non-obese diabetic/Shi-scid Jic
(non-obese diabetic/severe combined immunodeficient) mice at
5 weeks of age (Clea Japan, Tokyo, Japan). Tumor volumes were
calculated using the formula: (length x width x height x 3.14)/6.

Reverse transcription and real-time gPCR

RNA extraction and reverse transcription were performed as
described previously (Kohno et al., 2006). Real-time qPCR
analyses were performed with the ABI PRISM 7700 Sequence
Detection System (Applied Biosystems, Carlsbad, CA, USA).
Tagman probes for AFAP1L] (5-GGCCCTTCCTCTGGGA
CCCGGC-3) and AFAP-110 (Tagman Gene Expression Assays
Hs00222181_ml) were purchased from Applied Biosystems.
18S rRNA was also purchased from Applied Biosystems and
used as an endogenous reference. Information on primers is
available upon request.

Statistical analyses
Statistical analyses were performed using StatView software
(SAS Institute Inc., Cary, NC, USA). Univariate and multivariate

References

Aoyama T, Okamoto T, Nagayama S, Nishijo K, Ishibe T, Yasura K
et al. (2004). Methylation in the core-promoter region of the
chondromodulin-1 gene determines the cell-specific expression by
regulating the binding of transcriptional activator, Sp3. J Biol Chem
279: 28789-28797.

Baisden JM, Gatesman AS, Cherezova L, Jang BH, Flynn DC.
(2001b). The intrinsic ability of AFAP-110 to alter actin filament
integrity is linked with its ability to also activate cellular tyrosine
kinases. Oncogene 20: 6607-6616.

Baisden JM, Qian Y, Zot HM, Flynn DC. (2001a). The actin filament-
associated protein AFAP-110 is an adaptor protein that modulates
changes in actin filament integrity. Oncogene 20: 6435-6447.

Barretina J, Taylor BS, Banerji S, Ramos AH, Lagos-Quintana M,
DeCarolis PL et al. (2010). Subtype-specific genomic alterations
define new targets for soft-tissue sarcoma therapy. Nar Gener 42:
715-721.

Chibon F, Lagarde P, Salas S, Pérot G, Brouste V, Tirode F et al.
(2010). Validated prediction of clinical outcome in sarcomas and
multiple types of cancer on the basis of a gene expression signature
related to genome complexity. Nat Med 16: 781~787.

Clark 1, Rocques PJ, Crew AJ, Gill S, Shipley J, Chan AM er al.
(1994). Identification of novel genes, SYT and SSX, involved in the
t(X;18)(p11.2;q11.2) translocation found in human synovial sarco-
ma. Nar Genet 7: 502~508.

Dorfleutner A, Stehlik C, Zhang J, Gallick GE, Flynn DC. (2007).
AFAP-110 is required for actin stress fiber formation and cell adhesion
in MDA-MB-231 breast cancer cells. J Cell Physiol 213: 740-749.

Bgeblad M, Werb Z. (2002). New functions for the matrix metailo-
proteinases in cancer progression. Nut Rev Cancer 2: 161-174.

Francis P, Namlos HM, Muller C, Eden P, Fernebro J, Berner JM
et al. (2007). Diagnostic and prognostic gene expression signatures
in 177 soft tissue sarcomas: hypoxia-induced transcription profile
signifies metastatic potential. BMC Genomics 8: 73.

Fletcher CD, Gustafson P, Rydholm A, Willen H, Akerman M.
(2001). Clinicopathologic re-evaluation of 100 malignant fibrous
histiocytomas: prognostic relevance of subclassification. J Clin
Oncol 19: 3045-3050.

Fletcher CDM, Unni KK, Mertens F. (2002). Pathology and Genetics
of Tumours of Saoft Tissue and Bones. IARC Press: Lyon.

Flynn DC, Leu TH, Reynolds AB, Parsons JT. (1993). Identification
and sequence analysis of cDNAs encoding a 110-kilodalton actin
filament-associated pp60src substrate. Mol Cell Biol 13: 7892--7900.

Oncogene

analyses were performed using Cox’s proportional hazards
model. The statistical significance of Kaplan—Meier curves was
assessed by log-rank (Mantel-Cox) test. For comparisons
of two individual data points, a two-sided Student’s r-test
was applied to assess statistical significance. An analysis of
variance with post hoc testing was used for comparisons of
more than three.

Conflict of interest

The authors declare no conflict of interest.

Acknowledgements

We thank Drs H Sonobe, A Kawai, S Tanaka, O Larsson,
A Ogose, and H Kanda for providing cell lines, and T Tsunoda
and S Miyano for data analyses. This work was supported by
Grants-in-aid for Scientific Research from the Ministry of
Education, Culture, Sports, Science and Technology.

Gatesman A, Walker VG, Baisden JM, Weed SA, Flynn DC. (2004).
Protein kinase Calpha activates c-Src and induces podosome
formation via AFAP-110. Mol Cell Biol 24: 7578-7597.

Guappone AC, Flynn DC. (1997). The integrity of the SH3 binding
motif of AFAP-110 is required to facilitate tyrosine phosphoryla-
tion by, and stable complex formation with, Src. Mol Cell Biochem
175: 243-252.

Helman LJ, Meltzer P. (2003). Mechanisms of sarcoma development.
Nat Rev Cuancer 3: 685-694.

Ishibe T, Nakayama T, Aoyama T, Nakamura T, Toguchida J. (2008).
Neuronal differentiation of synovial sarcoma and its therapeutic
application. Clin Orthop Relat Res 466: 2147--2155.

Ishibe T, Nakayama T, Okamoto T, Aoyama T, Nishijo K, Shibata
KR et al. (2005). Disruption of fibroblast growth factor signal
pathway inhibits the growth of synovial sarcomas: potential
application of signal inhibitors to molecular target therapy. Clin
Cancer Res 11: 2702-2712,

Kanner SB, Reynolds AB, Vines RR, Parsons JT. (1990). Monoclonal
antibodies to individual tyrosine-phosphorylated protein substrated
of oncogene-encoded tyrosine kinases. Proc Natl Acad Sci USA
87: 3328-3332.

Kohno Y, Okamoto T, Ishibe T, Nagayama S, Shima Y, Nishijo K
et al. (2006). Expression of claudin7 is tightly associated with
epithelial structures in synovial sarcomas and regulated by an Ets
family transcription factor, ELF3. J Biol Chem 281: 38941-38950.

Lee YF, John M, Falconer A, Edwards S, Clark I, Flohr P es al.
(2004). A gene expression signature associated with metastatic
outcome in human leiomyosarcomas. Cancer Res 64: 7201-7204.

Lodyga M, De Falco V, Bai XH, Kapus A, Melillo RM, Santoro M
et al. (2009). XB130, a tissue-specific adaptor protein that couples
the RET/PTC oncogenic kinase to PI 3-kinase pathway. Oncogene
28: 937-949.

Matushansky I, Hernando E, Socci ND, Mills JE, Matos TA, Edgar MA
et al. (2007). Derivation of sarcomas from mesenchymal stem cells via
inactivation of the Wnt pathway. J Clin Jnvest 117: 3248-3257.

Nagayama S, Fukukawa C, Katagiri T, Okamoto T, Aoyama T,
Oyaizu N et al. (2005). Therapeutic potential of antibodies against
FZD 10, a cell-surface protein, for synovial sarcomas, Oncogene 24:
6201-6212.

Nagayama S, Katagiri T, Tsunoda T, Hosaka T, Nakashima Y, Araki N
et al. (2002). Genome-wide analysis of gene expression in synovial
sarcomas using a cDNA microarray. Cancer Res 62: 5859--5866.



Nakayama R, Nemoto T, Takahashi H, Ohta T, Kawai A, Seki K
et al. (2007). Gene expression analysis of soft tissue sarcomas:
characterization and reclassification of malignant fibrous histio-
cytoma. Mod Pathol 20: 749-759.

Nielsen TO, West RB, Linn SC, Alter C, Knowling MA, O’Connell JX
et al. (2002). Molecular characterization of soft tissue tumours:
a gene expression study. Lancer 359: 1301-1307.

Ottaiano A, De Chiara A, Fazioli F, Talamanca AA, Mori S, Botti G
et al. (2005). Biological prognostic factors in adult soft tissue
sarcomas. Anticancer Res 25: 4519-4526. .

Overall CM, Kleifeld O. (2006). Tumour microenvironment—opinion:
validating matrizx metalloproteinases as drug targets and anti-targets
for cancer therapy. Nat Rev Cancer 6: 227-239.

Qian Y, Baisden JM, Westin EH, Guappone AC, Koay TC,
Flynn DC. (1998). Src can regulate carboxy terminal interactions
with AFAP-110, which influence self-assoctation, cell localization
and actin filament integrity. Oncogene 16: 2185-2195.

Qian Y, Baisden JM, Zot HG, Van Winkle WB, Flynn DC. (2000).
The carboxy terminus of AFAP-110 modulates direct interactions
with actin filaments and regulates its ability to alter actin filament
integrity and induce lamellipodia formation. Exp Cell Res 255:
102-113.

Qian Y, Gatesman AS, Baisden JM, Zot HG, Cherezova L, Qazi I
et al. (2004). Analysis of the role of the leucine zipper motif in
regulating the ability of AFAP-110 to alter actin filament integrity.
J Cell Biochem 91: 602-620.

Shibata KR, Aoyama T, Shima Y, Fukiage K, Otsuka S, Fury M et al.
(2007). Expression of the pl6INK4A gene is associated closely with

AFAP1L1 as a prognostic marker of sarcomas
M Furu et af

senescence of human mesenchymal stem cells and is potentially
silenced by DNA methylation during in vitro expansion. Stem Cells
25: 2371-2382.

Shima Y, Okamoto T, Aoyama T, Yasura K, Ishibe T, Nishijo K ez al.
(2007). In vitro transformation of mesenchymal stem cells by
oncogenic H-rasVall2. Biochem Biophys Res Commun 353: 60-66.

St-Pierre Y, Couillard J, Van Themsche C. (2004). Regulation of
MMP-9 gene expression for the development of novel molecular
targets against cancer and inflammatory diseases. Expert Opin Ther
Targets 8. 473-489.

Sun L, Hui AM, Su Q, Vortmeyer A, Kotliarov Y, Pastorino S ez a/.
(2006). Neuronal and glioma-derived stem cell factor induces
angiogenesis within the brain, Cancer Cell 9: 287-300.

Toguchida J, Nakayama T. (2009). Molecular genetics of sarcomas:
applications to diagnoses and therapy. Cancer Sci 100: 1573-1580.

Toguchida J, Yamaguchi T, Ritchie B, Beauchamp RL, Dayton SH,
Herrera GE et al. (1992). Mutation spectrum of the p53 gene in
bone and soft tissue sarcomas. Cancer Res 52: 6194-6199.

Wadayama B, Toguchida J, Shimizu T, Ishizaki K, Sasaki MS,
Kotoura Y et ¢l. (1994). Mutation spectrum of the retinoblastoma
gene in osteosarcomas. Cancer Res 54: 3042-3048.

Xu J, Bai XH, Lodyga M, Han B, Xiao H, Keshavjee S ez al. (2007).
XB130, a novel adaptor protein for signal transduction. J Biol Chem
282: 16401-16412.

Zhang J, Park 81, Artime MC, Summy JM, Shah AN, Bomser JA et al.
(2007). AFAP-110 is overexpressed in prostate cancer and
contributes to tumorigenic growth by regulating focal contacts.
J Clin Invest 117: 2962-2973.

Supplementary Information accompanies the paper on the Oncogene website (http://www.nature.com/onc)

Oncogene



% HL 540 1159—1170, 2011

4 RESEENRES FHEBCRFTSHIKE

—ErDRA >/
B AR BROE
—WRR - B O b BRSSO —
® ® E =Y P OB E £ ¥ B B
% OE = A M OR o i om ok =

BE UM TRBRLABRES V7Y AMBABENE (BREMBIRE) 9 Blicow THIR
&, MIMEFR, BXUEERREZRE Lz, W5ERIEEIS L, BRI 1ML EE-
7zo MERTR CIEEMIKMEIZER 2 5 &E, CRP EEED»SBRE LA LR Lz, Bl X RE
BLUCT Tz BEELE & endosteal scalloping #°% { &5 72e MRI TIZBERAB LT
SISO FENE DL AN b D0, BAICKS CBET 2 &) REEERE
RSN Lh ol MBERE LTEE EMTH S &, M - E{bFEF R CREND
VPHBWBEETHAL L, BHEL RHICLI2E2 PRE, REAEORESEECHA
WENNERT 5K ERITEHRENA SN VT ENEREREE, Floa—4 v /HREL
DEINBNTEEL I EEZ SNize FEEE RERAFERBRO—D L LTHIRR
ETIEN, BH~O7 7O0—F L LTEEL BEbhi,

I. BEEMER

KA OMNFETH 5 Paul Wilhelm Heinrich
Langerhans (1847~1888) 1%, 1868 42 LRz IZFF
03 % R MBI 2 R T THRE L7

Ji# Uber die Nerven der menschlichen Haut,
Y54 © On the Nerves of the Human Skin) . = @
WEHHES 7PNy 24 L I Tw
5" 1803 4F Hand 3118, ZRE, RERZEH,
"' Masami HOSAKA etal, FAtkZERZRESAH
. M, BERIRE
" Masahito HATORI, RAtA#mkE, BRoiR
" Shin HITACHL, SRACKZmbE, MEHRB 0

Langerhans cell histiocytosis of bone ; clinical and

radiological aspects and differential points from
malignant tumor

Key words : Langerhans cell histiocytosis of bone,
Eosinophilic granuloma of bone, Ewing sarcoma

FiEs 292 3ROBROBELToZ. o1
P35 2Ny AR RREE (T, LCH) 12
SVTORLEBRREOEENOBRETH 5. &
XM, R L E X BT\ 7z, 1953 4 Lich-
tenstein ASIFEEER I 9 B fE, Hand-Schiiller-
Christian 7%, Letterer-Siwe 57 & OHBIRDE
T - BERE A MR R & A B % Histiocy-
tosis X & 40117299, 1987 41 BB =
B, AT B L R LR BT X,
MEERE® 3 D244 L 7299 Histiocytosis X 1,
Z @ & %2 Langerhans cell histiocytosis (LCH)
EERICHRREND L) 12k o7

I. LCH OH#

LCH OB AL B, TICHEDEDT) I
FoThanTtna?™® (1), ARMTIEILCHD
54 M EeEs A (SS-LCH) ® ) bEICREL

— 11589 —



AN S

%1 LCHo##E ™ % 2 XBBLOREREDOHED
1. B—JgeesE (single-system disease * S5+ -LCH) Grade I A : Geographic lesion with sclerotic margin
(1) BiZsH (single site, unifocal) Grade IB : Geographic lesions with sharp nonscle-
By VoS, Wiz & B SR ICEIRIC rotic margin
BET 5, Grade I C : Geographic lesions with poorly defined
(2) %%F (multiple site, multifocal) margin
B20) N BICEBEET b Grade T : Geographic lesions with moth-eaten or
permeative component
2. SH2%E (mult-system disease : MS-LCH) Grade I A : Moth-eaten component
(1) BHEAEZHEDZY 32 Grade IIB : Permeative component

() BEFLEMES b0
{&‘) A 7%3’5 N Bi)%?, %’ ]) ://{/E-/ﬁ
By AR, B B, M

3 YHoOBMEMEIEES (BRRTR)

R | Gy B wpE el MBER Ll
Lz B pen 28 EED Gom meeL)
2| 2 = me  HOTTIED g AT Bz L

3 4 B HE open 1% A JE iR fE MR

s 4 B OBEEH H CREAT) 277 AT =

50 6 B BE (EH open 318 (L e Patrick (+)

6| 9 B 15 6 XEEAT) 577 71t B, B

7 |8 B BE S CTHIET) 277 it i

s |28 ®m 0 TL & KEEAT) L7 g Em, LELORE
o |3 B  WmE & CTHIFT)  3nf g GRRIEBEE)

% 4 UROBMABIUEES (E - £LFEFTR)

BN,

Hhl ﬁ% g SmERM AFEREK (%)  CRP
1 2 BE 10,600 EsR L 0.9
2 2 BE 11,460 2.8 0.23
3 4 HE 14,200 4.9 0.87
4 4 BE (EH®) 8,520 Bt 2 0.3LLF
5 6 BE (HE) 7,800 4.7 0.58
[§) 9 L5 5,300 2 0.2
7 28 be& 7,800 1 0.6
8 28 T1 6,600 1 0.5
9 33 BE 8,100 4 0.1 LT

TRETLEAIZIOVWTERES V7N A :hﬁﬁ%ib@%éﬂfwé<%>ﬂww“
Rk (LT, BMIE) & LTERET %0 R L IFIPAET B,

— 1160 ——




Vol. 54 No. 10 2011

R S5 LUROBEBIEES (EGHE)

i i X /CT MRT
5 AT = A -
Ploam  FE REE Lo ool DR MARE BN B

2 ®mE O O 0O o O 0 x
2 BE O x x x 0 O O(®W
14 B O O 0 0 o o 0
P4 BEE® O x O(#) O (%) O x x
|6 BE EE O x x O o 0 x
e 15 O x 0 O o 0 x
s BB O x x 0 0 O O ()
il T O o« OC# O O O 0
) | 33 BoE O X O O (=#) O X X

.
L 9mBIR (EBI6), BM#IE (L5)
N LI X S EE R, L5 M DEEDVH NS,
B hilfiing{e, kD BEmE»L SN,

G SIS MR (T2 SBEBRIRET) . F I B8 L NEEETH 5,

D W MRT (T2 ik Ewr) BIUREIZHE & 2 Tld 2\,

100 HEso i X e mie,

S RO X B AE R, HEEOEBILE EE L7,

G 10710 MRT (11 TERPEMEIE R IR o BRIC BN EN S DN D,
W 3900 MRI (T1 Temhams s e k) DRI L 72,

— 1161 —




Wz - IR —

D1~

2 2EBR GEF2), BHEGHE (EBE)
MEERE (5L 0 15 %),
Bl X RIEH R B, MRz BEER AR D ILAR BRI 72 B B D A b B
B CTo RETBEOMEENALNS, BN R BH OB LRILHE S T,
MRI (T2 3&FAFW) . BHB L OBEADD AWEDIEFDEADHR LN G, (ISR
I CENERS AL NS,
MRI (T1 5&5RBERS MIHIE B 5) o BEN B L VB ALk 24018 0 UEAMERENR A S NS,
52 HAEME (WEAKLY 15 F#)
B X RIEE R, B ENAOBES GO KT 45N B, BIFEDOBREA LGRS L ©
VRV
CTo WEDIMALL TREBE OB L endosteal scalloping 2548 2 515,
MRI (T2 SEFHACTEW) o BN L D BAANBEEOHE AN LS N2 o
MRI (T1 S&FRAEIFEMGIERL) . BB L BT AEDEZII BB A LN S,
2 EERT H BEEM X SIS, WEDBBILDEITL T B,
7 RBBREMCT, BOBEBEDRALNLPERIBEL T2 o
4 FIREA X 815 BIATRE L T B AT BESRIZ 4 5 Nz vy,

M LEL, ) 2 oNE, BaRR, WL, s

Il. LCH Of58e N » ”
LUTEHEROME LR ICEE L, EELBHR

LCIM LRGSR S 2 ERBEREI L D BOEERES S 55T 2 PR R M B T
JPIEA AT HHMERTH 2 5 > 7y A D R R it ik (At STAE HLA-DR, CDl-a
W 2 SR T B2, 5 v Ny 2 S100, Fec-recepter 514, Lysozyme &tk T3

— 1162




Vol. 54 No. 10 2011

Bt

3 EB1 QRBR), BHEEIE (B8F)
MR X RIEE R, RRVIREE, BRISSAONS, B
HERHEETH 5,
WapkE MRI T1 5 OKFEW) . BABFTOETEALNS,
Wk MRI (T2583H). BNOESLARKALN S,
EREE (XD 1B, BELD 2:8%) OBEM X Hif. HEWE
gL & b ICRBEOMELEZE LR scalloping 25A 515,

E 17 ABROEMX R BEREVBERL TV,
F 1 HROEM X E. BERBRIIHEEL TV 5,

AN/ NS E T A Birbeck FERIAYE FEEMMEE T
HEsns?, LCH ZEFE, CDIl-aBikofik
MM TH BT 27N AR FIHH B # 7 »
T — YRR L) RO b A MERIEE R
FLTHESIT SN TWAEOY, LCH IZEFMIZ
fEEs, JEEEH (B COBREETED) |12
DNWTHHBVLZENTWEY, BEOLIAED
JEIECIEn d, TNy AMBE» BB S
B A bAA K BEED SEBEOKEEREE
fEEBEBIND,

N. BRIKFT R

BRGERE O ERFRAEIR & L TiE Arckader 5%
WCE Bk, NRIZBWTERE (79%) 0"&b% <,
B CBHEER D 4% 1 TEE o Tz IRVWT
[ER (15%), #FE% (11%), MEEE 6%),
EIRNE, BE B, B, RERE, WIET
RERB LI, MBI ENE ENBY, M
FTROER S Uit 0BEETLE, T IITKNY

MIFEEER DN A SN D & S b,
V. B&R

FHBEEOBEMST RIEEHETH Y, B L
ORI EL o TRELCELRBZEDEHTH
Y BEBICBVTIRERLICSERT 2, 4
BRI DFEAET DRV FNTE R BB
FL, BIEOEEZINTH D, % IEFHAIEO
EBRBETEL, @wo () L7-#4T (Grade T A~
Grade II : JA#%BARE 22 #bEUIRFE B2~ BTV R & 72
IR R ST HBURER) AR, i
B (Grade IT : HEWFE Z2IXBEIME) 2oRd
BA D H B (5 2), Endosteal scalloping,
cortical thinning, intracortical tunneling, il
AR —H 72 X BETH b ZI/IENE
KL7-0E% D& L, hole-withina hole ap-
pearance & IRIEN B, BEEH 2BV CIEEF
1~4 cn O AT 5L OB OGP 2
AHNABIEDNE VG, il ZHETH D,

—— 1163 —



