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Abstract

The Akt/mammalian target of rapamycin (mTOR) pathway plays important roles in modulating
cellular function in response to extracellular signals such as growth factors and cytokines. The
Akt/mTOR signaling pathway is activated in certain kinds of sarcomas. Myxofibrosarcoma is a
soft tissue sarcoma, characterized by abundant myxoid stroma and frequent local recurrence.
Here, we conducted a large-scale examination of the clinicopathologic and activation statuses of
the Akt/mTOR pathways in myxofibrosarcoma. The phosphorylation status of Akt, mTOR,
S6RP, and the eukaryotic translation initiation factor 4E-binding protein (4E-BP1) and MEK
were assessed by immunohistochemistry in 101 formalin-fixed paraffin-embedded samples,
including 68 primary tumors in myxofibrosarcoma. Immunohistochemical expressions were
confirmed by Western blotting with 20 frozen samples, which were paired with normal tissue
samples. PIK3CA and AKT1 gene mutation were also analyzed using 12 primary tumor frozen
samples. Immunohistochemically, phosphorylations of Akt, mTOR, S6RP, 4E-BP1 and MEK1/2
were observed in 64.7%, 45.6%, 42.6%, 63.2% and 64.7% of samples. Phosphorylated
Akt/mTOR pathway proteins were correlated with one another and were also correlated with the
phosphorylation of these protiens in the concordant recurrent tumors. Immunoblotting showed a
high degree of phosphorylation in tumor samples, compared with that in normal tissue samples.
Activation of the Akt/mTOR pathway was correlated with histological grade and tumor
progression. Mutational analysis failed to reveal any PIK3CA or AKT1 mutations around the hot
spots. Activation of the Akt/mTOR pathway was associated with histological malignancy and

tumor progression in primary and recurrent myxofibrosarcoma.
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1. Introduction

Myxofibrosarcoma is a soft tissue sarcoma with fibroblastic/myofibroblastic differentiation,
characterized by abundant myxoid stroma and frequent local recurrence. With respect to the
genetic characteristics of myxofibrosarcoma, progression in grade is accompanied by an
increased cytogenetic aberration, and also associated with more distinct cytomorphologic
features in the recurrent tumors [1]. Surgical resection is a curative treatment chosen for
myxofibrosarcoma cases, while no effective systemic therapy is currently available for primary
unresectable or recurrent tumors.

The Akt/mTOR pathway plays important roles in modulating cellular function in response
to extracellular signals such as growth factors and cytokines [2]. Akt is a serine/threonine kinase
that is activated (phosphorylated) by phosphoinositide 3-kinase (PI3K) and that activates
(phosphorylates) the downstream molecules in turn. Mammalian target of rapamycin (mTOR) is
one of the downstream targets of Akt and is a key factor in the Akt/mTOR pathway. mTOR
activates p70S6 kinase (p70S6K) and S6 ribosomal protein (S6RP), and inhibits the 4E binding
protein 1 (4E-BP1). mTOR activation causes protein synthesis, which induces cellular
proliferation, survival, motility, invasion, and differentiation, and can ultimately lead to tumor
initiation and progression [3].

The Ras/Raf/mitogen-activated protein kinase (MEK)/extracellular signal-regulated kinase
(ERK) pathway, also known as the MAPK pathway, also regulates a variety of cell functions,
including proliferation, growth, and survival [4]. There is known to be cross-talk between the

Akt/mTOR and MAPK pathways; for example, Ras can activate the PI3K/Akt/mTOR pathway
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in addition to the Raf/MEK/ERK pathway; indeed, ERK can activate mTOR. The Akt/mTOR
and MAPK pathways are activated in certain kinds of sarcomas [5-8].

Here, we conducted a large-scale examination of the clinicopathologic and activation
statuses of the Akt/mTOR and MAPK pathways, such as phosphorylated Akt, nTOR, S6RP,
4E-BP1 and MEK, and also analyzed the Aktl and PIK3CA gene mutations by direct gene

sequencing, in 101 clinical specimens from patients with myxofibrosarcoma.

2. Materials and Methods

2.1. Patients

One hundred and -one paraffin-embedded specimens consisting of 68 primary and 33
recurrent patients were retrieved from the registry of the Department of Anatomic Pathology,
Kyushu University, Japan between 1976 and 2010. The diagnosis of myxofibrosarcoma was
made according to the latest edition of the World Health Organization classification [1]. Clinical
details and follow-up information were obtained by medical charts.

All the primary tumors were treated surgically, followed by adjuvant irradiation in only one
case. Histopathologically, the grades of tumor malignancy were judged as low-, intermediate- or
high-grade, according to the WHO classification: high-grade tumors showed a great number of
pleomorphic cells, and mitoses, and necrosis; intermediate-grade tumors lacked necrosis and
nuclear pleomorphism, but had higher cellularity than low-grade tumors; low-grade tumors were

composed of spindle-shaped cells with hypocellular and myxoid areas [1]. In addition, the
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histological grading of the Federation Nationale des Centres de Lutte Contre le Cancer
(FNCLCC) grading system was also adopted [1], which classifies myxofibrosarcomas in
FNCLCC differentiation score 2. Tumor necrosis and mitotic figures are divided into three
groups according to the FNCLCC grading system: tumor necrosis: none, <50%, =50%; mitotic
figures: 0-9 mitoses per 10 HPF, 10-19 mitoses per 10HPF, >19 mitoses per 10HPF. For the
staging of the primary tumors, we used the latest 4-tier staging system from the American Joint
Committee on Cancer (AJCC) (6™ and 7" edition of the AJCC staging) [10]. Follow-up
information was available in 57 out of the 68 primary cases. The median follow-up period after
surgery was 49 months (range: 1-153 months). Immunohistochemical expression of
phosphorylated Akt/mTOR and MAPK pathway was compared between the periphery and the
central portion of individual samples from 21 primary tumors. The institutional review board at

Kyushu University approved this study (permission code 25-143).

2.2. Immunohistochemistry

Immunohistochemical staining was performed for 68 primary tumors and 33 recurrent
tumors in the same way as described previously [16]. In 12 cases, both primary and concordant
recurrent tumors were analyzed. The sections were pretreated with Target Retrieval Solution
(Dako, Glostrup, Denmark) in a microwave oven at 100°C for 20 minutes before being incubated
with monoclonal antibodies of p-Akt (Ser473, 1:50 dilution), p-mTOR (Ser2448, 1:50),
p-S6RP(Ser235/236, 1:50), p-4E-BP1 (Thr37/46, 1:50), or p-MEK1/2 (Ser221, 1:50) at 4°C

overnight. All the above antibodies were supplied by Cell Signaling Technology (Danvers, MA).
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The immune complex was detected with a DAKO EnVision Detection System (Dako, Glostrup,
Denmark).

Immunohistochemical positivity was evaluated in the area of greatest expression,
irrespective of the location, at the periphery or the central portion of the tumor. Coexistent
endothelial cells were evaluated as a positive internal control. As a negative control, the primary
antibody was omitted. The percentage of immunoreactive cells and staining intensity compared
with those of the endothelial cells adjacent to the tumor cells were evaluated in the most
representative areas, with reference to the evaluation method of Dobashi and a previous report
[5,6]. The proportion of significantly immunoreactive cells was scored from 0 to 2: 0, <10%; 1,
10% to 50%; 2, >50%; and the intensity of immunoreactive cells was scored from 1 to 3: 1, weak
staining; 2, intermediate staining; 3, strong staining.

The tumors were judged as positive for the phosphorylation antibodies if more than 10% of
tumor cells were positively-stained in primary and recurrent tumors, according to the method
used in previous reports [8,11]. In addition, intensity was assessed in the comparison between
primary and recurrent tumors, and was also compared between the periphery and central portion
of individual tumors.

Immunohistochemical results were judged by three investigators (Y.T., K.K. and Y.O.), who
were blinded to the clinical status of the patients. If the independent assessments did not agree,
the slides were reviewed together in order to achieve consensus. The consensus judgments were

adopted as the final immunohistochemical results.



2.3. Western blotting analysis

Western blotting (WB) analysis was performed in 20 frozen samples (8 primary tumors and
12 recurrent tumors) as previously described [16,30]. Comparative analysis between a primary
and its concordant recurrent tumor was available in 4 cases. Monoclonal antibodies of
phospho-Akt (p-Akt) (Ser473, 1:500 dilution), p-mTOR (Ser2448,1:500), p-S6RP (Ser235/236,
1:500), p-4E-BP1 (Thr37/46, 1:500), and p-MEK1/2 (Ser221, 1:500) were applied. All the above
antibodies were provided by Cell Signaling Technology. The obtained data were standardized by
using data on the Actin expression level. The final numerical ratio in each sample was calculated
as follows: p-score. ( p-Akt normal soft tissue (N) expression level/Actin expression level (N))
x100, (p-Akt tumor (T) expression level/Actin expression level (T)) x100. Immunohistochemical
positivity for each antibody showing positivity by western blotting was estimated as the ratio of

the tumor (T) to the normal soft tissue (N); T/N>1.

2.4. Mutational Analysis

DNA was extracted by using a Qiagen DNA Mini Kit (QIAGEN, Valencia, Calif). The
primer sequences are summarized in Table 1. They were synthesized by the Genenet Co.
(Fukuoka, Japan), with partial reference to the primers of Dunlap et al [24]. PIK3CA exons 9 and
20 and Aktl exon 2 were amplified by polymerase chain reaction (PCR) in 12 primary cases with
frozen materials at an annealing temperature of 57-°C. Bidirectional sequencing was performed
on an ABI 3130 sequencer by the Big-Dye terminator method using the same primers as used for

PCR (Table 1).



2.5. Statistical analysis

The Chi-square test was used to evaluate the association between the variables. Overall
survival was adopted as the end point for survival analyses. Survival curves were calculated by
the Kaplan-Meier method, and the statistical significance of the numerical differences was
assessed by the log-rank test. Cox proportional-hazards regression analysis was performed to
estimate the hazard ratios for positive risk factors for death. Statistical significance was defined
as p < 0.05. Data analysis was performed with the JMP statistical software package (version

9.0.2; SAS Institute Inc., Cary, NC).

3. Results
3.1. Clinical and pathologic features

The clinicopathological features of the 68 primary tumors are summarized in Table 2. The
tumor samples were taken from 38 males and 30 females, whose ages ranged from 29 to 91 years
(mean: 66.9 years). The tumors were 10 to 200 mm in maximum diameter (median: 76 mm). The
tumors from 43 cases (63%) were located in superficial sites, and the other tumors were located
in deep soft tissue (subfascial or even deeper). In 47 cases the tumors were in the extremities
(thigh 22, upper arm 7, lower leg 13, forearm 5), in 18 cases they were in the trunk wall or limb
girdles (back 3, buttock 6, shoulder 4, chest wall 5), in 3 cases they were in the head and neck.
Microscopically, all the tumors were composed of oval- to spindle-shaped cells arranged in a

sparse, fascicular or solid pattern, accompanied by focal-to diffuse abundant myxoid stroma and

10



fine slit-like vessels. Pleomorphic tumor cells with bizarre nuclei were observed with varying
frequency.

According to the WHO grading system, there were 18 low-grade tumors (26%) (Fig. 1A),
14 intermediate-grade tumors (21%) (Fig. 1B) and 36 high-grade tumors (53%) (Fig. 1C). By
FNCLCC grade, 18 cases (26%) were categorized in FNCLCC grade 1, 33 cases (49%) were in
grade 2, and 17 cases (25%) were in grade 3.

Statistical analysis of the clinicopathological features revealed that tumor depth (superficial
vs deep: p=0.0053**), histological grade (p=0.0079**; Fig. 2(a)), FNCLCC grading system
(p=0.0307**; Fig. 2(b)), and AJCC staging (6" edition) (p=0.0309**; Fig. 2(c)) were significant
prognostic factors for overall survival, based on univariate analysis with the log rank test.
Mitotic activity seemed to be poor prognostic factors; however, no statistical significance was
confirmed by univariate analysis with the log rank test. No clinicopathologic factors were
significantly associated with event free survival. Multivariate analysis was performed, but the

statistical significance was not obtained.

3.2. Immunohistochemical findings

Myxofibrosarcoma cells in the primary tumors showed cytoplasmic and/or nuclear staining
for p-Akt (44/68 cases, 64.7%; Fig. 3A), p-mTOR (31/68 cases, 45.6%; Fig. 3B), p-S6RP (29/68
cases, 42.6%; Fig. 3C), p-4E-BP1 (43/68 cases, 63.2%; Fig. 3D), and p-MEK1/2 (44/68 cases,
64.7%). Phosphorylation of S6RP and 4E-BP1 phosphorylation, presumably mediated by

phosphorylated-Akt and phosphorylated-mTOR was in 19.1% for S6RP and in 25% for 4E-BP1.
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Phosphorylation three or all of the Akt/mTOR pathway proteins was observed in 16% of the
cases. The statistical correlation of the immunohistochemical results with the clinicopathological
variables is summarized in Table 3.

Immunohistochemical positivity for p-mTOR and p-4E-BP1 was correlated with FNCLCC
high-grade tumors (grade 1 and grade 2 vs grade 3: p=0.0161**, p=0.0085**), and also
advanced stages in the AJCC 7" edition staging (1 vs I11: p=0.0291**, p=0.0179**; | and 11 vs
I11: p=0.0176**, p=0.0030**). p-4E-BP1 was also correlated with mitotic activity (0-9 vs =10:
p=0.0086**; 0-9 vs =20: p=0.025**). Positive staining for p-MEK was correlated with the
higher WHO histological grading: high-grade vs intermediate- and low-grade (H vs I+L;
p=0.0048**), high- and intermediate-grade vs low grade (H+1 vs L; p=0.0213**). FNCLCC
grading system (grade 1 vs grade 2 and grade 3; p=0.0213**) and AJCC staging (6" edition: I vs
111, p=0.0062**; | vs Il and 111, p=0.0121**) (7" edition: I vs Il and 111, p=0.0121**) (Table 2).

Significant correlations were obtained between the immunohistochemical phosphorylation
of the Akt/mTOR pathway: p-Akt vs p-mTOR or p-MEK (p=0.0421**, p=0.0186**), p-mTOR
Vs p-4E-BP1 (p=0.0245*) and p-S6RP vs p-4E-BP1 (p=0.0031**), as shown in Table 3.
Recurrent tumors also showed positive staining for p-Akt (22/33 cases, 66.7%), p-mTOR (23/33
cases, 69.7%), p-S6RP (17/33 cases, 51.5%), and p-4E-BP1 (20/33 cases, 60.6%). In the
comparative analysis of immunoreactivity between primary and recurrent tumors, no significant
difference in intensity or proportion of immunoreactive cells was observed between 12 recurrent
tumors and their concordant primary tumor. Immunoreactivity seemed to be higher scores in the

primary tumor rather than recurrent tumor, but there was no statistical significance (p-Akt:
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primary/recurrent = 2.7 +0.6/2.5£0.6; p-mTOR: primary/recurrent = 2.4+0.6/2.0£0.6;
p-4E-BP1: primary/recurrent = 3.0£0.7/2.00.7; p-S6RP: primary/recurrent = 2.4+0.7/2.2 +
0.7).

Immunohistochemical positivity in the periphery of the tumor was also assessed (p-Akt
(76%), p-mTOR (62%), p-S6RP (48%), p-4E-BP1 (76%)) and immunoreactivity was also
compared with the central portion of the same tumor. There was no difference in the activation
or expression of each protein between the periphery and central portion of the same tumor.

In both univariate and multivariate analysis revealed no statistical significant difference in
the prognosis among the different protein phosphorylations. Immunohistochemical results of

survival analysis are summarized in Table 3.

3.3. Western blotting analysis

Immunoreactivity for each antibody was confirmed by WB (Fig. 4A, 4B). The protein scores of
p-Akt, p-mTOR, p-4E-BP1 and p-S6RP were higher in the tumor samples than in the
corresponding normal tissue, although there was no statistical significance: p-Akt, tumor/normal
=2.3%0.9/1.2£2.4; p-mTOR, tumor/normal = 2.8 +0.7/0.6 £0.6; p-4E-BP1, tumor/normal =
2.47+0.5/1.2%0.9; p-S6RP, tumor/normal = 4.1+0.6/3.1+1.0. In the comparative analysis
between primary and concordant recurrent tumors, p-Akt and p-mTOR showed higher scores in
the recurrent tumor than the primary tumor, but there was no statistical significace (p-Akt:
primary/recurrent = 2.2+1.3/3.3+1.3; p-mTOR: primary/recurrent =0.5+1.1/1.9+1.1).

p-4E-BP1 and p-S6RP showed lower scores in the recurrent tumor than primary tumor, but the
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difference was not significant (p-4E-BP1: primary/recurrent = 5.9+3.3/3.1£3.3; p-S6RP:
primary/recurrent =2.5+1.1/1.0+1.1).

The phosphorylation levels in the WB analysis closely corresponded to the positivity in the
immunohistochemical (IHC) staining analysis of the primary tumor (p-mTOR, p-4E-BP1,
p-S6RP) and recurrent tumor (p-Akt, p-mTOR, p-4E-BP1, p-S6RP), but there was no statistical
significance; primary tumor; (p-mTOR: IHC (+)/IHC (-): 1.9+0.8/0.6£0.9; p-4E-BP1: IHC
(+)/IHC (-): 2.2£0.6/1.7 £ 1.1; p-S6RP: IHC (+)/IHC (-): 3.4%1.1/4.0£0.6), recurrent tumor;
(p-Akt: IHC(+)/IHC(-) : 1.2+0.6/1.6 1.3; p-mTOR: IHC (+)/IHC (-): 4.3+1.2/0.4+2.7;
p-4E-BP1: IHC(+)/IHC(-): 4.3+ 2.6/2.8+2.2; p-S6RP: IHC(+)/IHC(-): 0.7+0.3/0.6+0.4).

p-Akt was immunohistochemically positive in all eight primary tumors.

3.4. Mutation analysis
We found no gene mutation around the hot spots in Aktl (E17) or PIK3CA (E542, E545,

and H1047) by direct DNA sequencing analyses in the 12 analyzed cases.

4. Discussion

Myxofibrosarcoma has a propensity for local recurrence as a result of its infiltrative growth
pattern, and the incidence of local recurrence is not influenced by the depth of the primary lesion
[12]. However, in the current study, in deep-seated neoplasms, the incidence of metastases was

higher and the deep-seated lesions tended to be higher-grade and larger tumors [12]. In our study,
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overall survival was influenced by depth as in the previous study, and was also influenced by
histological grade (WHO classification and FNCLCC grade) and AJCC staging, supporting the
usefulness of the histological grading systems according to the WHO classification, FNCLCC
grades and AJCC staging system. These factors were proposed to be a prognostic factor in
myxofibrosarcoma.

The Akt/mTOR signaling pathway appeared to play a central role in the development of the
different cancers, such as hepatocellular carcinoma, lung adenocarcinoma and breast carcinoma
[13,15,21]. In small numbers of various bone and soft tissue tumors, Dobashi et al. also found
that Akt was frequently activated and may have some role in metastasis [6]. In addition, our
group revealed that the Akt/mTOR signaling pathway was activated and was correlated with
worse clinical course and pathological features in a large series of leiomyosarcomas and
malignant peripheral nerve sheath tumors, and in the same series we also reported that the
Akt/mTOR pathway was activated in leiomyosarcomas and malignant peripheral nerve sheath
tumors in about 70% and 50% of the cases, respectively [5,16]. Activation and association of the
Akt/mTOR pathway were also represented some kind of sarcoma in vitro, proved its validity of
the clinical specimens [16,31,32]. In the present study, 42.6% to 64.7% of the primary tumors
showed phosphorylation of Akt/mTOR pathway proteins (p-Akt (64.7%), p-mTOR (45.6%),
p-S6RP (42.6%), p-4E-BP1 (63.2%)) and the phosphorylated proteins were correlated with one
another, which indicates activation of the Akt/mTOR pathway in myxofibrosarcomas.
Immunohistochemical phosphorylation and expression of the Akt/mTOR pathway in the

recurrent tumor was nearly stable, compared with those in the primary tumors. As for the
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relationship of the Akt/mTOR pathway with the clinicopathological features, significant
correlations were demonstrated between Akt/mTOR pathway activation and either histological
grade or tumor progression, as assessed by FNCLCC grading or AJCC staging.

Activation of MAP kinase in colon and breast cancers [27], point mutation of Aktl or
PIK3CA in breast cancer and hepatocellular carcinoma [21,24], or point mutation of IGF-1 [17]
and K-ras [18] was reported in the past. However, no gene mutations of Aktl or PIK3CA were
detected in myxofibrosarcoma, as previously demonstrated in leiomyosarcomas [5]. We
demonstrated a significant correlation of p-MEK with p-Akt, suggesting that the MAPK pathway
might be an alternative pathway to activate the Akt/mTOR pathway proteins. Further
comprehensive analysis of the upstream factors such as receptor tyrosin kinases or another
signaling pathway is required.

The mTOR inhibitor, RADOO1 (everolimus) has been proven to be effective in several human
neoplasms [19,20], and the clinical trial of this agent was performed in soft tissue sarcoma cases
[26]. Ridaforolimus, as an mTOR inhibitor, demonstrated significantly prolonged
progression-free survival in a clinical trial targeting advanced soft tissue sarcomas including
leiomyosarcomas [26]. Myxofibrosarcoma and malignant peripheral nerve sheath tumor were not
described in the report [26]. Our group also revealed the clinical and therapeutic implications of
the mTOR inhibitor in leiomyosarcomas and malignant peripheral nerve sheath tumors [5,16]. In
the present study, activation of the Akt/mTOR pathway was correlated with histological grade
and tumor progression, and p-Akt and p-mTOR phosphorylation also appeared not only in the

primary but also in recurrent tumors. Thus, mTOR inhibitors may be potential therapeutic agents
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in myxofibrosarcomas.

In conclusion, we revealed the activation of the Akt/mTOR pathway in
myxofibrosarcomas, and the MAPK pathway as an alternative activator of the Akt/mTOR
pathway, and the activation of Akt/mTOR pathway was associated with the histological
malignancy and tumor progression. The Akt/mTOR pathway has the potential to be a therapeutic

target of primary and recurrent myxofibrosarcomas.
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Figure legends
Figure 1
Microscopic histological features and each histological grade of myxofibrosarcoma are shown:

(A) low grade, (B) intermediate grade, (C) high grade.

Figure 2

Analysis of clinicopathological parameters. Overall survival was analyzed with the following:
(@) Histological grade in WHO (low-grade, intermediate-grade, high-grade), (b) FNCLCC
grading system (grade 1, grade 2, grade 3), (c) AJCC staging (6" edition) (I, 11, 111, 1V), Analysis

of the groups and statistically significant results are showen in the figure.

Figure 3

The results of immunohistochemical study are shown: (A) p-Akt, (B) p-mTOR, (C) p-S6RP, and
(D) p-4E-BP1. Immunostaining for each antibody was recognized mainly in the cytoplasm and
immunostaining of endothelial cells. These figures were prepared from a high grade resected

myxofibrosarcoma specimen of the thigh from same patient (A-D).

Figure 4
Phosphorylated (p) Akt was detected in all the tumor samples. The obtained data were
standardized by using data on the Actin expression level. The final numerical ratio in each

sample was calculated as follows: p-score (pAkt normal soft tissue (N) expression level/Actin
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expression level (N)) x100, (pAkt tumor (T) expression level/Actin expression level (T)) x100.

Table 1

Primer Sequences Used in the Polymerase Chain Reaction for Mutation Screening

Table 2

Clinicopathological Parameters and Survival Analysis in 68 Primary Tumors

Table 3

Immunohistochemical Results and Statistical Analysis
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Table(s)

Table 1 Primer Sequences Used in Polymerase Chain; Reaction for Mutation Screening

Primer name Sense 5'-3' Antisense 5'-3'[] Annealing (°C)  Size (bp)
PIK3CA exon 9 GCTAGAGACAATGAATTAAGGGAAA AGCACTTACCTGTGACTCCA 57 122
PIK3CA exon 20 AACTGAGCAAGAGGCTTTGG CTTTTCAGTTCAATGCATGCTG 57 122

AKT 1 exon 2

AGTGTGCGTGGCTCTCACCA AGCCTCACGTTGGTCCACAT 57 140




Table(s)

Table 2. Clinicopathological Parameters and Survival Analysis in 68 Primary Tumors

Parameter Group No % Analyzed Ov_erall b Ever'1t-Freeb
Groups Survival, P Survival, P
Sex Male 38 55.9 M vs F 0.785 0.788
Female 30 44.1
Size <5¢cm 28 41.2 <5¢m vs 25cm 0.101 0.713
=5cm 37 54.4
N/A 3 4.4
Age [mean, 66.5 years] <66 years 28 41.2 <66 years vs =66 years 0.785 0.081
=66 years 40 58.8
Depth Superficial 43 63.2 SvsD 0.0053? 0.172
Deep 23 33.9
N/A 2 2.9
Location D 18 26.5 D vs Px 0.305 0.462
Px 50 73.5
Necrosis None 31 45.6 None vs 250% 0.526 0.224
<50% 33 48.5 250% vs 50%>t>0% 0.532 0.179
=50% 4 5.9
Mitotic activity 0-9/10 HPF* 44 64.7 0-9 vs 220 0.0327° 0.559
10-19/10 HPF 7 10.3 0-9vs 210 0.0017° 0.2332
20/10=HPF 17 25.0 10-19 vs =20 0.1021 0.1761
Histological grade in WHO High 36 52.9 HvslvsL 0.0079° 0.2485
Intermediate 14 20.6 Hvs | 0.1251 0.4970
Low 18 26.5 Hvs L 0.0474° 0.1735
Ivs L 0.0008° 0.1265
Hvs I+L 0.8615 0.5897
H+lvs L 0.0149° 0.1339
FNCLCC® 18 26.5 1vs2vs3 0.0307° 0.2901
33 48.5 1vs?2 0.0341° 0.1217
17 25.0 1vs3 0.0067° 0.2825
2Vvs 3 0.4168 0.6639
1vs2,3 0.0149° 0.1339
1,2vs3 0.0651 0.8367
AJCC® 6th ed I 17 25.0 Ivs Dvs I vs IV 0.0309° 0.3588
I 28 41.2 I vs I 0.0148° 0.173
I 19 27.9 IvsI 0.1041 0.225
v 15 I vs I+II 0.0322° 0.1137
N/A 4.4 [+0 vs I 0.0164° 0.2911
AJCC® 7th ed | 17 25.0 I vs Ivs I vs IV 0.0826 0.393
I 32 47.0 I vs I 0.0103° 0.2515
I 15 22.1 I vsI 0.069 0.1615
v 1 15 I vs I+I0 0.0322° 0.1478
N/A 3 4.4 [+0 vs I 0.0533° 0.6551

? Statistically significant

®P-value

“FNCLCC, French Federation of Cancer Centers
¢ AJCC, American Joint Committee on Cancer
D, distal extremities

Px, proximal extremities and trunk
N/A, not available



Table(s)

Table 3 Immunohistochemical Results and Statistical Analysis, analysis in 68 samples of primary tumors
Analysis Group No. % p-Akt+, P p-mTOR+,P' p-S6RP+ P’ p-4E-BP1+,P°  p-MEK+, P°
p-Akt + 44 64.7 - - R R ;
- 24
N/A
p-mTOR + 31 45.6 0.0421° - - - -
- 37
N/A
p-S6RP + 29 42.6 0.525 0.062 - - -
- 39
N/A
p-4E-BP1 + 43 63.2 0.965 0.0245% 0.0031° - -
- 26
N/A
p-MEK + 44 64.7 0.0186° 0.219 0.106 0.372 -
- 22
N/A 2
p-Akt (+) p-MmTOR(+)/p-S6RP(+) 13 19.1
p-mTOR(-) or p-S6RP(-) 55
p-Akt (+) p-mTOR(+)/p4E-BP1(+) 17 25
p-mTOR(-) or p4E-BP1(-) 51
Necrosis None vs =50% 0.900 0.900 0.552 0.552 0.277
None vs >0% 0.060 0.774 0.418 0.534 0.0048%
Mitotic activity 0-9 vs 220 0.938 0.208 0.785 0.0250° 0.957
0-9vs 210 0.802 0.294 0.904 0.0086% 0.853
WHO grading Hvs I+L 0.059 0.774 0.418 0.534 0.0048%
H+lvs L 0.348 0.244 0.857 0.541 0.0213%
°ENCLCC 1,2vs 3 1.000 0.0161° 0.933 0.0085° 0.843
1vs2,3 0.348 0.219 0.857 0.434 0.0213%
Sex 0.833 0.740 0.695 0.623 0.593
Age =66 years 0.952 0.907 0.639 0.0035° 0.479
Location D vs Px 0.710 0.910 0.857 0.828 0.111
Depth SvsDp 0.095 0.773 0.102 0.494 0.104
Diameter 25cm 0.183 0.643 0.591 0.168 0.170
AJCCP 6th ed I vsII 0.345 0.173 0.950 0.790 0.0062°
I vs I I 0.494 0.261 0.803 0.602 0.0121%
[, OvsTl 0.371 0.251 0.371 0.922 0.0372%
AJCC® 7th ed IvsII 0.647 0.0291° 0.946 0.0179° 0.286
[ vs I, I 0.494 0.261 0.803 0.602 0.0121%
[, OvsTl 0.923 0.0176° 0.737 0.0030° 0.568
Overall survival 0.307 0.428 0.064 0.848 0.444
Event-free survival 0.246 0.344 0.698 0.404 0.294

? Statistically significant

® AJCC, American Joint Committee on Cancer
“FNCLCC, French Federation of Cancer Centers
4p_value

D, distal extremities

Px, proximal extremities and trunk

S, superficial

Dp, deep

4E-BP1, eukaryotic translation initiation factor 4E-binding protein

mTOR, mammalian target of rapamycin
N/A, not available
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Dr. Ricardo. V. Lloyd
Editor-in-Chief
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December 17, 2013

Dear Dr. Ricardo V. Lloyd

Thank you very much for your letter and the reviewers’ comments on our
manuscript entitled “Activation of the Akt/mTOR pathway in myxofibrosarcomas”
by Yusuke Takahashi et al. The comments offered by the reviewers were very helpful
and we have revised our manuscript to incorporate your suggestions and the reviewers’
suggestions as follows:

Comments and our replies

Editors' comments:

1. The figures need improving. The minimum resolution for photos is 300 dpi, and it is
1200 dpi for graphs. The following instructions may be helpful:
http://www.elsevier.com/wps/find/authors.authors/authorartworkinstructions. Also,
consider adding information about staining and magnification to the figure legends
where appropriate.

Reply: We improved the resolution for photos according to your comment.

2. The number of cases for location and necrosis in table 1 do not total 68 as expected.
Please review values and make any necessary corrections or insert explanatory
footnotes as needed.

Reply: We rewrote the cases and information for location and necrosis in table 2,3.
3. Reference #3 is incomplete. If this is in press, please indicate as much (doi is also
appreciated) and provide updates when more information becomes available.

Otherwise, please provide volume and page numbers.

Reply: We rewrote the reference #3 with more information.


http://www.elsevier.com/wps/find/authors.authors/authorartworkinstructions

4. Ensure that gene symbols are consistently italicized in abstract, main text, tables, etc,
while proteins are not.

Reply: We rewrote the gene symbols in italicized according to your comment.

Reviewers' comments:

Reviewer #1:

1. There are huge amount of data, but the involvement of the Akt/mTOR/S6RP-4E-BP1
pathway is still uncertain since it is unclear whether the authors presented the
(constitutive) activation of this pathway or just concomitant activation of several of
these proteins from signals emanated from various upstream molecules or from
interconnecting pathways. The authors need to clarify the proportion of S6RP and
4E-BP1 phosphorylation, presumably mediated by phosphorylated-Akt, i.e.,
p-Akt(+)/p-mTOR(+)/p-S6RP(+), and p-Akt(+)/p-mTOR(+)/p-4E-BP1(+), by
immunohistochemistry, in a flow chart.

Reply: We added the proportion of S6RP and 4E-BP1 phosphorylation, presumably
mediated by phosphorylated-Akt in table 3. and main text p. 11, line 19-20 according to
your comment.

2. The authors describe that "In the comparative analysis of immunoreactivity between
primary and recurrent tumors, no significant difference in intensity or proportion of
immunoreactive cells was observed between 12 recurrent tumors and their concordant
primary tumor" in Page 12. What does "no significant difference” mean? Were all the
results the same, or were there any differences? The delicate difference should not be
evaluated by crude statistical analysis. This referee is curious about the details of
phosphorylation status of proteins examined between primary and recurrent tumors in
12 patients.

Reply: We added the result of the immunoreactivity in main text p. 12, line19-20; p.13,
line 1-3, and showed the propensity of the each phosphorylated proteins.



3. Results and Discussion are a little bit repetitive. Instead, the referee personally would
like to see the result of survival analysis on p-Akt, p-mTOR and p-S6PR, even though
they did not show statistically significant differences.

Reply: We added the explanation in the results p.13, line 8-10. The results of survival
analysis showed in table 3.

Reviewer #2:

This study is a logical extension of prior work from the same group, which was
previously focused on leiomyosarcomas and MPNSTs.  The results are quite
convincing if one accepts the technical approach that the authors have used. However,
they need to discuss whether or not phosphorylation data in
formalin-fixed/paraffin-embedded tissue has any true validity, since phosphorylation
levels decay as soon as tissue is surgically removed - therefore the data presented may
all be artefactual or false. The authors should explain/justify why these data are valid.

Reply: We rewrote the explanation in the discussion p.15, line 13-15., and added
references (31, 32) according to your comment.

Aside from this concern, the work is carefully and thoroughly done in a large number of
cases. Figures la and Ib are not really typical of myxofibrosarcoma and could likely be
improved.

Reply: We changed the figure la and Ib according to your comment.

We thank you for your very helpful suggestions which have improved our report.
Your kind consideration of this revision for publication in Human Pathology would be
appreciated.

Sincerely yours,
Yoshinao Oda, M.D. PhD.
Yusuke Takahashi, M.D.



