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ABSTRACT

Purpose: The transcription factor Forkhead box M1 (FOXM1) is known to play critical roles in

the development and progression of various types of cancer, but the clinical significance of

FOXM1 expression in rhabdomyosarcoma (RMS) is unknown. This study aimed to determine

the role of FOXM1 in RMS.

Experimental Design: We investigated the expression levels of FOXM1 and vascular

endothelial growth factor (VEGF) and angiogenesis in a large series of RMS clinical cases using

immunohistochemistry (n=92), and we performed clinicopathologic and prognostic analyses. In

vitro studies were conducted to examine the effect of FOXM1 knock-down on VEGF expression,

cell proliferation, migration and invasion in embryonal RMS (ERMS) and alveolar RMS

(ARMS) cell lines, using small interference RNA (SiRNA).

Results: High FOXM1 expression was significantly increased in the cases of ARMS, which has

an adverse prognosis compared to ERMS (p=0.0310). The ERMS patients with high FOXM1

expression (n=24) had a significantly shorter survival than those with low FOXM1 expression

(n=25; p=0.0310). FOXM1 expression was statistically correlated with VEGF expression in

ERMS at the protein level as shown by immunohistochemistry and at the mRNA level by

RT-PCR. The in vitro study demonstrated that VEGF mRNA levels were decreased in the

FOXM1 siRNA-transfected ERMS and ARMS cells. FOXM1 knock-down resulted in a

significant decrease of cell proliferation and migration in all four RMS cell lines and invasion in

three of the four cell lines.
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Conclusions: Our results indicate that FOXM1 overexpression may be a prognostic factor of

RMS and that FOXM1 may be a promising therapeutic target for the inhibition of RMS

progression.

Keywords: Rhabdomyosarcoma; FOXM1; VEGF; Prognosis



10

11

12

13

14

15

16

17

18

19

20

1.

Kuda, et al

INTRODUCTION

Rhabdomyosarcoma (RMS) is the most common malignant soft tissue sarcoma in

childhood and adolescence. RMS is divided into two major histopathological types: the

embryonal and alveolar subtypes [1]. Alveolar RMS (ARMS) and embryonal RMS (ERMS)

have distinct morphologic, genetic and biologic alterations [2—4]. ARMS frequently harbors the

chromosomal translocation t(2;13)(q35;q14) or t(1;13)(p36;q14), which result in fusion of the

paired-box transcription factors PAX3 and PAX?7, respectively, to Forkhead box protein O1

(FOXO0L1) [5, 6]. In ERMS, no specific diagnostic genetic alteration has been identified, but

molecular analyses of polymorphic loci have revealed allelic loss in the chromosomal region

11p15 in most cases [7, 8].

RMS is now commonly treated using multimodal therapy, including combination

chemotherapy, surgery, and/or radiation therapy. However, despite the increasing cure rates for

RMS, children with high-risk RMS tumors including metastatic disease, recurrent tumors, and

certain histologies carry a poor prognosis. The identification of new molecular therapeutic

targets for RMS is thus required.

Forkhead box protein M1 (FOXM1) belongs to a large family of transcriptional regulators

that are characterized by an evolutionarily conserved DNA-binding domain called the Forkhead

box or winged helix domain [9-11]. The transcription factor FOXM1 plays a vital role in the

regulation of a wide range of biological processes, including cell-cycle progression, cell

proliferation, cell differentiation, angiogenesis, apoptosis, DNA damage repair and tissue
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homeostasis [12]. Increased levels of FOXM1 expression have been detected in many different

types of human cancer [13-22] and sarcomas such as Ewing sarcoma [23, 24], malignant

peripheral nerve sheath tumor [25], and osteosarcoma [26, 27]. In a rhabdomyosarcoma cell line,

the suppression of FOXM1 was reported to result in the inhibition of cell growth and survival

[28].

Many studies have shown that vascular endothelial growth factor (VEGF) plays a vital role

in angiogenesis and that it promotes the migration and invasion of human cancer cells [29]. We

found previously that VEGF was overexpressed and was associated with prognosis in RMS

patients [30]. Some studies have shown that FOXM1 controls an angiogenic switch in malignant

tumors by transcriptionally activating VEGF expression through direct binding to Forkhead

binding elements of the VEGF promoter [31-33].

In the present study, we investigated FoxM1 and angiogenesis in a large series of RMS

clinical cases and conducted a clinicopathologic and prognostic analysis. Using small

interference RNA (siRNA), we then examined the effect of FOXM1 knock-down on the VEGF

expression in ERMS and ARMS cell lines. We also examined the potential of FOXM1 as a

therapeutic target in ERMS and ARMS cell lines.

2. MATERIALS AND METHODS

2.1. Tumor samples

Ninety-two specimens of RMS (ERMS: 49 cases; ARMS: 43 cases) registered in the
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Department of Anatomic Pathology, Kyushu University, Japan between 1976 and 2012 were

collected from different patients. Frozen tissue samples were available for 21 of the 92 cases

(ERMS: 11 cases; ARMS: 10 cases). The diagnosis was done as previously described [30]. We

examined PAX3/7-FOXO1 fusion gene transcripts in 35 of the 43 ARMS cases and 12 of the 48

ERMS cases as previously described [34]. We investigated the overall survival period by

referring to the medical records, and the survival data were available for 71 cases. We assessed

the correlations between clinicopathologic factors (age, sex, histologic subtype, anatomical site

and tumor size) and the results of both the immunohistochemical and molecular analyses. This

study was approved by the institutional review board at Kyushu University (permission code:

27-78).

2.2. Cell culture and reagents

The human embryonal RMS cell lines RD and RMS-YM were purchased from the

Japanese Collection Research Resources Bank (JCRB, Osaka, Japan) and the Riken Bioresource

Center (Tsukuba, Japan), respectively. The ARMS cell lines RH30 and RH41

(PAX3-FOXO1-expressing alveolar RMS) were purchased from Deutsche Sammlung von

Mikroorganismen und Zellkulturen GmbH (DSMZ, Braunschweig, Germany). The RD cells

were cultured in Eagle's minimal essential medium (E-MEM) with 2x amino acids, vitamins and

10% fetal bovine serum (FBS). The RMS-YM cells were cultured in RPMI11640 medium with

0.1 mM NEAA, 20 mM HEPES and 10% fetal bovine serum. RH30 and RH41 cells were
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cultured in RPMI11640 medium with 10% FBS. All of the cells were incubated in a humidified

atmosphere of 5% CO2 at 37°C.

2.3. Immunohistochemistry

Immunohistochemistry was conducted in 92 tumors as previously described [30, 35].

Double immunohistochemical stain of FOXM1 and VEGF was conducted in 71 RMS (37 ERMS

and 34 ARMS) using EnVision Doublestain System (Dako Denmark), according to the vendor’s

protocol. The following antibodies were used as the primary antibody: anti-FOXM1 (K-19,

polyclonal, 1:100; Santa Cruz Biotechnology, Santa Cruz, CA), anti-VEGF (A-20, polyclonal,

1:500; Santa Cruz Biotechnology), anti-CD31 (JC70A, monoclonal, 1:20; DAKO, Glostrup,

Denmark), and anti-Ki-67 (MIB-1, monoclonal, 1:100; DAKO).

2.4. Immunohistochemical evaluation

We classified the expression of FOXML1 into five groups according to the percentage of

positively staining cells: 0 = absent; 1 = 1%—-25%; 2 = 26%-50%; 3 = 51%-75%; 4 = >76%.

The staining intensity was categorized as follows: 0 = negative; 1 = weak; 2 = moderate; and 3 =

strong. The proportion and intensity scores were then multiplied to obtain a total score [18]. We

then divided the high and low FOXMZ1 expression by the median value of the total score.

The immunohistochemical score of VEGF expression was classified into five groups and

we regarded immunohistochemical scores of 0, 1 and 2 as low expression and scores 3 and 4 as
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high expression according to our previous study [36].

The micro-vessel density (MVD) and MIB-1-labeling index (LI) were also estimated as

described in our previous studies [35, 36].

2.5. siRNAs and transfection conditions

To achieve the down-regulation of FOXM1, we transfected prevalidated On-Target plus

Smart Pool siRNAs-siControle and siFOXM1 (Dharmacon, Brébieres, France) into RMS cells

(RD, RMS-YM, Rh30, Rh41) using Lipofectamine RNAIMAX (Invitrogen, Carlsbad, CA)

according to the vendor’s reverse transfection protocol.

2.6. Real-time RT-PCR analysis

We isolated total RNA from frozen samples and transfected cells using the miRNeasy Mini

Kit (Qiagen, Hilden, Germany) according to the manufacturer’s protocol. A quantitative

real-time reverse transcription-polymerase chain reaction (RT-PCR) for VEGF and for FOXM1

was conducted in the same way as in our previous study [30]. The TagMan assay reagent for

FOXM1 is Hs01073586-m1.

2.7. Western blot assay

Whole cell lysates were prepared from transfected cell lines. To confirm the down-regulation

of FOXM1, we evaluated the expression of FOXMZ1 protein by Western blot assay as described
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previously [37]. Atotal of 20 pg protein from each sample was used, and incubated with

anti-FOXM1 (1:200 dilution) antibody. Anti-human actin mouse monoclonal antibody (1:5000;

Millipore, Bedford, MA) was used as an internal control. Protein levels were standardized by

actin, which was assigned an arbitrary level of 10, and the expression signal relative to this was

taken as the expression value for each sample.

2.8. VEGF ELISA assay

Transfected cells were seeded into six-well plates, and after 48 h the culture supernatants

were collected and the particulates were removed by centrifugation. The numbers of cells in

each plate were counted. The protein levels of VEGF were measured using VEGF ELISA kits

(R&D Systems, Minneapolis, MN) according to the manufacturer’s instructions. The results

were normalized by each cell numbers.

2.9. Cell proliferation assay

Transfected cells were seeded in 96-well plates at a concentration of 5000 cells per well in

serum-containing growth medium. Viability was assessed every 24 h over a period of 4 days by

a WST-8 assay using the Cell Counting Kit 8 (CCK-8; Dojindo Molecular Technologies,

Rockville, MD) according to the manufacturer’s instructions and previous articles [38]. The

absorbance at 450 nm was measured by a microplate reader (Model 680 Microplate Reader;

Bio-Rad Laboratories, Hercules, CA). All experiments were done in quintuplicate and repeated
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three times.

2.10. Cell invasion and migration assay

Cell invasion assays were conducted with transfected cell lines using the 24-well Biocoat

Matrigel invasion chamber (BD Biosciences, San Diego, CA) according to the manufacturer’s

protocol and as described previously [38]. The migration assays were conducted using uncoated

Transwell inserts. The transfected cells were seeded into the upper chamber at 1 x 10° per

chamber in serum-free media. The outer wells were filled with media containing 10% FBS. The

cells were incubated at 37°C with 5% CO- for 24 h (invasion assay) or 18 h (migration assay),

and then noninvading cells were removed by wiping the chamber surface with a cotton swab.

Cells that had migrated through the filter and adhered to its lower surface were fixed and stained

with hematoxylin and eosin (H&E). The number of invading or migrating cells on the membrane

was counted in five microscopic fields (x400). The results are expressed as the mean number of

cells per field. Each assay was conducted in triplicate and repeated three times.

2.11. Statistical analysis

The correlation between two dichotomous variables was estimated by Fisher’s exact test.

The correlations between immunohistochemical scores and mMRNA expression were estimated by

the Mann-Whitney U-test. The analyses of overall survival were conducted by the Kaplan-Meier

method with the log-rank test. A p-value <0.05 was considered significant. All the data analyses

10
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were performed with JMP statistical software ver. 9.0.2 (SAS Institute, Cary, NC).

3. RESULTS

3.1. Patient characteristics

The clinical and pathological characteristics of the 92 patients with RMS are summarized

in Table 1. Sixty patients were children, while 30 patients were adults. The patients were 47

males and 45 females, ranging in age from 1 month to 70 years old. Histopathologically, the 92

specimens included 49 primary ERMS, 41 primary ARMS, and 2 metastatic ARMS. We

examined PAX3/PAX7-FOXOL1 fusion gene transcripts in 35 of the 43 ARMS cases and 12 of

the 49 ERMS cases. PAX3-FOXOL fusion gene was detected in 20 ARMS cases, and the

PAX7-FOXO1 fusion gene was detected in 4 ARMS cases. The PAX3/PAX7-FOXO1 fusion

gene transcript was not found in any of the 11 ERMS cases.

Prognostic data were available in 82 cases and the follow-up time ranged from 2 to 255

months (median, 48 months). Therapeutic data was available in 77 patients. Sixty-nine patients

were treated with multimodal therapy including combination chemotherapy, and 8 patients were

treated with surgery and/or radiation therapy.

3.2. Immunohistochemistry

Tables 2—-4 summarize the results of immunostaining. The highlights are described below.

11
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3.2.1. FOXM1 and VEGF expression ( immunostaining and mRNA)

VEGF expression was observed mainly in the cytoplasm or endothelium of the tumor cells,

whereas FOXM1 expression was recognized in the nucleus and cytoplasm (Fig. 1A-D). When

the results of immunohistochemistry and the real-time quantitative RT-PCR were compared, a

statistical correlation was identified between the immunohistochemical scores and the mMRNA

expression levels for FOXML1 (Fig. 1G: p=0.0194). From this result, the reliability of

immunohistochemical evaluation of FOXM1 was obtained.

High FOXM1 expression was recognized in 33/43 (74%) specimens of the ARMS group

and 24/49 (51%) specimens of the ERMS group. FOXM1 high expression was significantly

increased in the specimens of ARMS, which has an adverse prognosis compared with ERMS

(Table 2; p=0.0310). Similarly, VEGF high expression was identified in 23/42 (55%) of the

ARMS specimens, and 18/46 (38%) of the ERMS specimens. There was no significant

difference in VEGF expression between the ARMS and ERMS specimens.

When compared in terms of the existence of fusion gene, high FOXM1 expression was

recognized in 19/24 (79.2%) specimens of the PAX3/7-FOXO1 positive ARMS group and 8/11

(63.64%) specimens of the PAX3/7-FOXO1 negative ARMS group. But, there is no significant

difference (p=0.3377).

Among the cases that showed high FOXM1 expression, 18 of the 24 ERMS (75%) and 24

of the 33 ARMS (73%) specimens showed high VEGF expression. There was a significant

correlation between FOXM1 and VEGF expression in ERMS (Table 3; p=0.0163).

12
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Within all of the frozen samples of RMS, the expressions of FOXM1 and VEGF mRNA

were significantly positively correlated (Fig. 1H, r=4.71, p=0.0128).

To clarify the co-existence of FOXM1 and VEGF in RMS, we conducted double

immunohistochemical stain of FOXM1 and VEGF in clinical samples. Co-existence of FOXM1

(DAB; brown) and VEGF (Permanent Red; red) was recognized in ARMS (Fig.1E) and ERMS

(Fig.1F). Co-existence of FOXM1 and VEGF was recognized in 25/34 (73.5%) specimens of the

ARMS group and 26/37 (70.3%) specimens of ERMS group. There is no significant difference

in co-existence between the ERMS and ARMS specimens (p=0.7602). There is also no

significant correlation between co-existence and FOXM1 expression in ERMS or ARMS

(p=0.0859, p=0.9138, respectively).

When Clinicopathologic variables and the expression of FOXM1 in RMS ware compared, no

significant relations were identified between any of the clinicopathological parameters (sex, age,

stage and size) and FOXM1 expression in the ERMS or ARMS cases (Table 4).

3.2.2. Microvessel density

We assessed the MVD by immunohistochemical staining of CD31, and the results ranged

from 3.00 to 37.25/0.26 mm? (12.20+6.55/0.26 mm?). The MVD in the ERMS specimens was

significantly higher than that in the ARMS specimens (Table 2: ERMS, 13.6916.96; ARMS,

10.58+5.72; p=0.0252). There was a significant correlation between the MVD and the VEGF

expression in ERMS (Table 3: p=0.0406), but no significant correlation was identified between

13
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MVD and FOXML1 expression in ERMS or ARMS, or between MVD and VEGF in ARMS

(Table 3: p=0.3539, p=0.4447, p=0.4222, respectively).

3.2.3. MIB-1 labeling index

The MIB-1-LI ranged from 0.4 to 75.1 (median, 18.19+14.59), and the median MIB-1-LI

values were not significantly different between the ERMS and ARMS subtypes (ERMS median,

18.36+13.88; ARMS median, 18.01+15.46; p=0.9133, Table 2). In addition, no significant

correlation was found between the MIB-1-LI and FOXM1 expression in either the ERMS or

ARMS subtypes (p=0.5467, p=0.7190, respectively, Table 3).

3.2.4. Prognosis

The ERMS patients with high FOXM1 expression had significantly shorter survivals than

those with low FOXM1 expression (p=0.031, Fig. 11), whereas the FOXM1 expression status in

the ARMS cases did not affect the patients’ survival (Fig. 11).

3.3. Effect of FOXM1 knock-down on RMS cells

3.3.1. Effect of FOXM1 knock-down on VEGF expression

In light of the known effects of FOXM1 on angiogenesis [31-33], we examined the level of

VEGF in RMS cell lines and assessed the effects of the down-regulation of FOXM1. The

effectiveness of FOXM1 siRNA was identified by real-time RT-PCR and Western blotting (Fig.

14
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2A,2B). We observed that the mRNA levels of FOXM1 were significantly decreased in the

FOXM1 siRNA-transfected cells compared to the controls in all RMS cell lines (p<0.001).

VEGF mRNA levels were decreased in the FOXM1 siRNA-transfected cells, and three of the

four cell lines revealed significantly decreased VEGF mRNA expression (p<0.05, Fig. 2C).

However, no statistically significant difference in VEGF secretions was seen by FOXM1

knock-down (Fig. 2D).

3.3.2. Effect of FOXML1 expression on the proliferation of the RMS cell lines

To clarify whether FOXML1 could be a therapeutic target for rhabdomyosarcoma cells, we

examined the effect of FOXM1 knock-down on cell proliferation in RMS cell lines. The effects

of FOXM1 knock-down on cell proliferation are shown in Figure 3A. We found that FOXM1

knock-down significantly reduced the cell proliferation in all four RMS cell lines tested

(p<0.0001).

3.3.3. Effect of FOXM1 expression on the invasion and migration of the RMS cell lines

In light of the known effects of FOXM1 on tumor cell migration and invasion [39-41], we

examined the effect of FOXM1 knock-down on RMS cell migration and invasion. The results

demonstrated that FOXM1 knock-down significantly reduced the migration in all the cell lines

(Fig. 3B) and invasion in three of the four cell lines (Fig. 3C).

15



10

11

12

13

14

15

16

17

18

19

20

Kuda, et al

4. DISCUSSION

In recent years, there has been a virtual explosion of evidence indicating the biological

significance of FOXM1 (previously known as HFH-11, MPP2, Win, and Trident) in tumor

aggressiveness [11]. For example, several studies have evaluated the prognostic significance of

FOXML1 in various types of cancer [17, 20, 21, 42, 43]. In gastric cancer, overexpression of

FOXMZ1 was independent prognostic factor for disease-free and overall survival [20]. In

advanced non-small cell lung cancer patients, FOXM1 expression is significantly associated

with cisplatin-based chemotherapy resistance and poor prognosis [21]. However, the clinical

significance of FOXML1 expression in RMS had not been determined prior to the present study,

which is the first to clarify the influence of FOXM1 expression on the prognosis of RMS.

In recent investigations of novel potential therapeutic targets of RMS, dysregulation in the

RAS pathway, insulin-like growth factor (IGF), hedgehog (Hh), p53, and AKT/mTOR signaling

have been shown to be associated with the pathobiology of RMS [44-49]. All of these multiple

oncogenic pathways have been reported to crosstalk with a FOXM1 pathway in many different

cancers [11]. In colorectal cancer, overexpression of FOXM1 and GLI1 mRNA correlated with

Sonic Hh [50]. Coactivation of AKT and Ras signaling lead to activation of mTOR,

FOXM1/SKP2 and c-Myc pathways in mouse liver carcinoma model [51]. Thus it is thought

that FOXML1 plays important roles in tumor aggressiveness in RMS. In the present study, high

FOXM1 expression was significantly increased in ARMS (which has an adverse prognosis)

compared with ERMS. The ERMS patients with high FOXM1 expression had significantly

16
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shorter survival compared to those with low FOXM1 expression. Our findings thus suggest that

FOXML1 has potential as a prognostic factor in RMS and may be a useful molecular therapeutic

target.

In gastric cancer and glioma clinical cases, VEGF has been positively associated with

FOXML1 expression [31, 32]. Especially in gastric cancer clinical cases, MVD has been also

associated FOXM1 expression [31]. It is evident that FOXM21 down-regulation decreased

VEGF expression in various cancer cells [15, 33, 52-54]. In the present study, VEGF expression

was positively associated with FOXM1 expression in the immunohistological evaluation of

ERMS and the mRNA evaluation of frozen RMS samples. Moreover, the VEGF mRNA levels

were decreased in the FOXML1 siRNA-transfected ERMS and ARMS cells, and significantly

decreased in three of four cell lines. On the other hand, there was no significant correlation

between FOXM1 and MVD expression, but there was a significant correlation between VEGF

and MVD expression in ERMS. Therefore, FOXM1 might be indirectly related MVD especially

in ERMS. A correlation between FOXM1 expression and angiogenesis in RMS was also

suggested, but further extensive study in larger series are needed.

In this study, there was a significant correlation between the patients’ prognosis and their

FOXM1 expression and between VEGF and FOXM1 expression in ERMS, but not ARMS. It is

known that FOXML1 is transcriptionally upregulated by the Hedgehog-GLI signaling cascade,

and the aberrant activation of the receptor tyrosine kinase (RTK)-RAS-RAF signaling cascade

leads to ERK-mediated FOXMZ1 phosphorylation, which results in the transcriptional

17
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upregulation of FOXML1 target genes such as VEGF and MMP2 [55]. The Hedgehog pathway

and dysregulation of the RAS signaling pathway are likely relevant to the pathogenesis of

ERMS rather than ARMS [56-59]. The results of our study suggest that the overexpression of

FOXML1 is directly related to the tumor aggressiveness and various pathogenesis of ERMS.

There is extensive evidence that FOXM1 plays a vital role in cancer cell proliferation and

growth following initial tumorigenesis [12]. It is known that FOXM1 knock-down is related to

decreased expressions of cell-cycle proteins, cyclin A2, cyclinB1, and Cdc25 phosphatases, and

increased expression of the cell-cycle inhibitors p21 and p27 [14, 15, 60]. In the same way,

FOXM1 knock-down in various cancer cell lines also results in an inhibition of cell proliferation.

We also found that FOXM1 knock-down resulted in a significant inhibition of cell growth in

both ERMS and ARMS cell lines. Although there is no significant correlation between the

proliferative marker MIB1-LI and FOXM1 expression, FOXM1 was believed to play an

important role in cell proliferation in RMS from the results of our proliferation studies.

FOXML1 overexpression leads to a direct upregulation of MMP-2 as well as VEGF [11],

whereas FOXM1 regulates MMP-9 expression indirectly via its downstream target JNK1 [40].

Matrix metalloproteinases (MMPs) are crucial in the processes of tumor cell invasion and

metastasis, and MMP-2 and MMP-9 are directly linked with angiogenesis and the degradation of

the basement membrane collagen leading to metastasis. It is known that the inhibition of

FOXM1 results in a decrease of MMP-2 and MMP-9 expression in several types of cancer cells,

which leads to a reduction in cancer cell migration and invasion [15, 39, 41, 52]. We also found

18
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that the down-regulation of FOXML1 significantly decreased the migration in all four of the RMS

cell lines and invasion in three of the four cell lines. Here, we reached the same conclusion in

RMS cells. The results of our cell proliferation, migration and invasion assays provide clear

evidence in support of the role of FOXM1 as an oncogene in RMS. We thus suggest that

FOXM1 may be a useful molecular therapeutic target in RMS.

In summary, our results showed that FOXM1 overexpression was associated with poor

patient survival in ERMS and that FOXM1 overexpression was significantly increased in the

cases of ARMS, which are known to have a poorer prognosis compared to ERMS. Our study

demonstrated that FOXM1 plays an important role in the proliferation, migration and invasion of

both ERMS and ARMS. Moreover, our findings demonstrated that FOXM1 regulated the

expression of VEGF in RMS cells. FOXM1 overexpression may therefore be a prognostic factor

of RMS, and FOXM1 may serve as a promising therapeutic target for the inhibition of RMS

progression.
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1 Figure Legends

2 Fig. 1. The immunohistochemical expression of FOXM1 (A,B) and VEGF (C,D) at the primary

3 site of RMS. ARMS (A) and ERMS (B) showing immunoreactivity for FOXM1, the evaluated

4 proportion score 4 (= >76%), the intensity score 3 (= strong) and the total score 12. ARMS (C)

5 and ERMS (D) showing diffuse and strong immunoreactivity for VEGF, evaluated as score 4.

6 Original magnification x 200. Double immunohistochemical stain of FOXM1 (DAB: brown,

7 nuclei and cytoplasm) and VEGF (Permanent Red: brown, cytoplasm) (E, F). Co-existence of

8 FOXML1 (brown) and VEGF (red) was recognized in ARMS (E) and ERMS (F). Original

9 magnification x 400. G: Correlation between mRNA expression of FOXM1 and the

10 immunchistochemical expression of FOXML1. The immunohistochemical status was

11 significantly correlated with the corresponding mRNA expression (p=0.0194). H: FOXM1

12 MRNA vs. VEGF mRNA expression in 21 RMS specimens. There was a positive correlation

13 between the FOXM1 and VEGF mRNA expression levels (r=4.71, p=0.0128). A.U., arbitrary

14 units. I: Survival curve of patients with ERMS or ARMS according to FOXM1 expression. The

15 survival of the ERMS patients with high FOXMZ1expression was significantly worse than that of

16 the ERMS patients with low FOXM1 expression (p=0.031 by log-rank test).

17

18 Fig. 2. FOXM1 expression and the effect of FOXM1 down-regulation on VEGF expression. The

19 efficacy of FOXM1 siRNA for the knock-down of FOXM1 mRNA and protein was confirmed

20 by real-time RT-PCR and Western blotting (A,B). FOXM1 mRNA was significantly decreased

20



10

11

12

Kuda, et al

in FOXM1 siRNA-transfected cells (siFOXM1) compared to the siRNA control-transfected

cells in all RMS cell lines (SiCTR) (p<0.001). VEGF mRNA levels were decreased in the

FOXML1 siRNA-transfected cells, and the levels three of four cell lines were significantly

decreased (p<0.05; C). VEGF secretion was not significantly decreased by FOXM1 knock-down

(D).

Fig. 3. Effects of FOXM1 expression on cell proliferation, migration and invasion. A: FOXM1
knock-down caused cell growth inhibition in all four cell lines (p<0.0001). FOXM1
knock-down significantly decreased the migration in all four of the cell lines (B) and invasion in
three of the four cell lines (C). siFOXM1; FOXM1 siRNA-transfected cells, siCTR; sSiRNA

control-transfected cells
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Table 1. Clinicopathological characteristics of
the 92 patients with primary rhabdomyosarcoma

(RMS)
Parameter No. of cases
Age (yr)
15 60
>15 30
Unknown 2
Sex
Male 47
Female 45
Histology (primary)
Embryonal 48
Alveolar 44
Stage (at diagnosis)
1 16
2 6
3 43
4 12
Unknown 15
Location of primary tumor
Favorable 16
Unfavorable 61
Unknown 15
Tumor size (cm)
<5 26
=5 50
Unknown 16

Kuda, et al
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Table 2. Immunostaining results

RMS ERMS ARMS p-value
FOXM1 (n=92) (n=48) (n=44)
High expression 24 (50%) 33 (75%) 0.0128*
Low expression 24 (50%) 11 (25%)
VEGF (n=89) (n=46) (n=43)
High expression 17 (37%) 24 (55.8%) 0.0737
Low expression 29 (67%) 19 (44.2%)
MVD (n=85) (n=44) (n=41)
Mediants.d. 12.20+6.55 13.7547.03 10.5945.65 0.0227*
High expression 27 (61.4%) 15 (36.6%) 0.0217*
Low expression 17 (38.6%) 26 (63.4%)
MIB-1-LI (n=86) (n=43) (n=43)
Mediants.d. 18.19114.59  18.351+14.04 18.02415.28 0.2189
High expression 22 (51.2%) 16 (37.2%) 0.1919
Low expression 21 (48.8%) 27 (62.8%)

MVD, microvessel density; MIB-1-LI, MIB-1 labeling index; RMS, rhabdomyosarcoma; ERMS, embryonal
RMS; ARMS, alveolar RMS.

*p<0.05

Table 3. Correlations between FOXM1 expression and VEGF expression, MVD or MIB-1 LI, and
between VEGF expression and MvD in ERMS and ARMS

ERMS ARMS
FOXMA1 Low High p Low High p
VEGF
Low 13 B 3 2
High 8 18 0.0163* 7 24 1.0000
MVD
Low 10 7 7 19
High 11 16 0.3539 2 13 0.4447
MIB-1 LI
Low 9 12 7 20
High 12 10 0.5467 3 13 0.7190
ERMS ARMS
VEGF Low High P Low High p
MVD
Low 14 14 12 5
High 3 17 0.0406* 14 10 0.4222

Abbreviations are explained at Table 2..

* p<0.0.
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Table 4. Correlation between FOXM1 expression and clinicopathological parameters in ERMS
and ARMS

ERMS ARMS
FOXM1 Low High P Low High P

Sex

Male 14 10 4 19

Female 10 14 0.3868 7 14 0.3028
Age

<15 17 20 6 17

=15 5 4 0.7178 5 16 1.000
Stage

1,2 8 6 3 5

3.4 12 16 0.5154 7 20 0.6614
Size

<5em 7 5 5 9

=5cm 13 17 0.4994 3 17 0.2278

Abbreviations: RMS, rhabdomyosarcoma; ERMS, embryonal rhabdomyosarcoma; ARMS, alveolar

rhabdomyosarcoma.
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