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Summary Dermatofibrosarcoma protuberans (DFSP) is a cutaneous mesenchymal tumor of intermediate
malignancy and fibroblastic/myofibroblastic differentiation. Fibrosarcomatous (FS) component is a high-
grade component of DFSP. The detailed oncogenic difference between DFSP and FS components is not
clear. We thus investigated the Akt-mTOR pathway in both components.We used 65 tumor samples obtain-
ed from 65 patients. The phosphorylation of Akt-mTOR pathway proteins (Akt, mTOR, 4EBP1, and S6RP)
and PDGFRα/β was assessed by immunohistochemical staining, the results of which were confirmed by
Western blotting. The immunohistochemical results were as follows: in ordinary DFSP components, p-
PDGFRα–positive tumors were 41.9% (18/43 cases), p-PDGFRβ 55.8% (24/43 cases), p-Akt 51.2% (22/
43 cases), p-mTOR 39.5% (17/43 cases), p-4EBP1 46.5% (20/43 cases), and p-S6RP 41.8% (18/43 cases);
in DFSP components of FS-DFSP, 52.6% (10/19 cases), 47.4% (9/19 cases), 52.6% (10/19 cases), 36.8% (7/
19 cases), 52.6% (10/19 cases), and 52.6% (10/19 cases); and in FS components, 45.5% (10/22 cases), 36.4%
(8/22 cases), 72.7% (16/22 cases), 54.5% (12/22 cases), 72.7% (16/22 cases), and 68.2% (15/22 cases), respec-
tively. There were significant positive correlations of the phosphorylation of most of the Akt-mTOR pathway
proteins (p-Akt, p-mTOR, p-4EBP1, and p-S6RP) with each other (P b .05). Phospho-PDGFRβwas well cor-
related with the phosphorylation of Akt-mTOR pathway proteins in DFSP components of ordinary and FS-
DFSPs, but these correlations were weaker in FS components. This study suggested the association of acti-
vation of Akt-mTOR pathway proteins and PDGFR with the progression of DFSP to FS. The Akt-mTOR
pathway is thus a potential therapeutic target in imatinib-resistant DFSP/FS.
© 2017 Elsevier Inc. All rights reserved.
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1. Introduction

Dermatofibrosarcoma protuberans (DFSP) is a cutaneous soft
tissue tumor classified as a fibroblastic/myofibroblastic tumor of
intermediate malignancy (rarely metastasizing) according to the
World Health Organization classification, characterized by the
infiltrative proliferation of mildly atypical spindle-shaped cells
and their storiform arrangement [1]. A high-grade spindle cell
component, called the fibrosarcomatous (FS) component, is
known to appear in 10%-20% of DFSPs, which is character-
ized by higher mitotic activity and a tumor cell arrangement in-
volving herringbone architecture [2]. Distant metastasis occurs
in 13% of DFSPs carrying an FS component (FS-DFSPs) [1]
andmay result in an unfavorable prognosis [2-5]. The FS com-
ponent of DFSP is loosely distinguished from the ordinary
DFSP area by immunohistochemical negative conversion of
CD34 and elevated Ki-67 index, but the essential oncogenic
difference between the 2 components is still unknown.

The Akt (also known as protein kinase B)–mammalian tar-
get of rapamycin (mTOR) pathway plays essential roles in
controlling cellular functions and activating molecules such
as ribosomal protein S6 kinase (S6RP) and the eukaryotic
translation initiation factor 4E–binding protein (4EBP1),
which contribute to the regulation of cell size, proliferation,
and survival [6,7]. Therefore, the Akt/mTOR pathway is
regarded as an oncogenic signaling system and has the poten-
tial to be a therapeutic target in many sarcomas. However,
whether this pathway is activated in DFSP remains to be
clarified.

In this study, we investigated the phosphorylation status of
Akt/mTOR proteins (Akt, mTOR, 4EBP1, and S6RP) and the
receptor tyrosine kinases (RTKs) PDGFRα and β in a large se-
ries of DFSP, FS-DFSP, and pure FS and evaluated the rela-
tionships of their activation with clinicopathological and
histopathological features.
Table 1 Histological findings

P-DFSP F-DFSF FS component

Case number 43 19 22
Myxoid change + 6 4 3

− 37 15 19
Pigmentation + 2 1 1

− 41 18 21
Giant cells + 1 0 1

− 42 19 22
Myoid differentiation + 3 1 2

− 40 18 20
Mitosis + 4 6 11

− 39 13 11
2. Materials and methods

2.1. Materials

This study was conducted in accordance with the principles
embodied in the Declaration of Helsinki. This study was also
approved by the Ethics Committee of Kyushu University
(No. 26-49) and conducted in accordance with the Ethical
Guidelines for Epidemiological Research enacted by the
Japanese Government. Informed consent was obtained from
the subjects or guardians.

We used 65 tumor samples obtained from 65 patients who
were registered in the database of the Department of Anatomic
Pathology, Kyushu University, Fukuoka, Japan. All 65 tumors
were diagnosed by histopathological features, immunohisto-
chemical CD34 positivity, and/or detection of the COL1A1-
PDGFB fusion gene in accordance with the World Health
Organization classification [1]. Formalin-fixed, paraffin-
embedded samples of 43 primary DFSPs, 19 FS-DFSPs, and
3 primary FSs were prepared. All 3 primary FSs were purely
composed of an FS component and contained the COL1A1-
PDGFB fusion gene. Neither imatinib nor irradiation was used
in any case.

In total, 43 ordinary DFSP components, 19 DFSP compo-
nents of FS-DFSPs, and 22 FS components of FS-DFSPs were
histopathologically reviewed by hematoxylin and eosin stain-
ing (Supplementary Table 1).

2.2. Immunohistochemistry

Formalin-fixed, paraffin-embedded tissue was sliced at a
thickness of 3 μm. Antigen retrieval was performed by boiling
the slides in Target Retrieval Solution (Dako, Carpinteria,
CA). The rabbit polyclonal antibodies for phosphorylated
(p)-PDGFRα (Tyr754; 1:200 dilution) (Cell Signaling Tech-
nology, Danvers, MA), p-PDGFRβ (Tyr857; 1:200 dilution)
(Santa Cruz Biotechnology, Dallas, TX), p-Akt (Ser473;
1:50 dilution) (Cell Signaling Technology), p-mTOR (Ser2448;
1:50 dilution) (Cell Signaling Technology), p-4EBP1 (Thr37/
46; 1:400 dilution) (Cell Signaling Technology), and p-S6RP
(Ser235/236; 1:75 dilution) (Cell Signaling Technology) were
used as primary antibodies. The immune complex of anti–
p-Akt was detected with EnVision FLEX Rabbit Linker (Dako)
and EnVision FLEX/horseradish peroxidase (Dako), whereas
the others were detected with the EnVision Detection System
(Dako).

Coexisting endothelial cells (ECs) were evaluated as a
positive internal control of anti–p-Akt, anti–p-mTOR,
anti–p-4EBP1, and anti–p-S6RP. The proportion of immu-
noreactive cells and staining intensity compared with those of
the ECs adjacent to the tumor cells were evaluated in the most
representative areas, with reference to the evaluation method
of Dobashi et al [9]. Nuclear or cytoplasmic staining of tumor
cells was considered to represent positive staining for p-Akt, p-
mTOR, p-4EBP1, and p-S6RP antibodies. Nuclear, perinuc-
lear, and cytoplasmic staining was judged as positive staining
for p-PDGFRα and p-PDGFRβ antibodies. The expression of
these molecules was judged to be positive when at least 10%



Table 2 Histological findings

Component Status Ordinary DFSP DFSP of FS-DFSP FS

Case number 43 19 22
Myxoid differentiation + 6 (14%) 4 (21%) 3 (14%)
Pigmentation + 2 (5%) 1 (5%) 1 (5%)
Giant cells + 1 (2%) 0 (0%) 1 (5%)
Myoid differentiation + 3 (7%) 1 (5%) 2 (9%)
Mitosis Any mitotic activity 4 (9%) 6 (32%) 11 (50%)
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of the cells were positively stained, specifically to Akt-mTOR
pathway proteins, more strongly than adjacent ECs; this thresh-
old was established with reference to a previous report [9].

The tumors with co-phosphorylation of Akt and mTOR
were judged as ones in which the Akt-mTOR pathway was ac-
tivated. The phosphorylation of PDGFRα/β was judged as ac-
tivation of the proteins in this investigation.
Fig. 1 Histopathological findings: A, Ordinary DFSP component shows a
tion ×200). B, Fibrosarcomatous component shows a proliferation of spin
(×40). D, Pigmentation in DFSP (×400). E, Giant cells in DFSP, so-calle
(×200).
2.3. Western blotting

Western blot analysis was performed as reported previous-
ly [10] using frozen samples from 9 tumors (4 ordinary DFSP
components, 3 DFSP components of FS-DFSP, and 2 FS com-
ponents). Normal tissue samples were available in 5 cases
(subcutaneous adipose tissue). Rabbit monoclonal antibodies
proliferation of spindle cells in storiform pattern (original magnifica-
dle cells in herringbone pattern (×200). C, Myxoid change in DFSP
d giant cell fibroblastoma (×400). F, myoid differentiation in DFSP



Fig. 2 Immunohistochemical results: A, p-PDGFRα (perinuclear and cytoplasmic staining) in FS-DFSP component (×200). B, p-PDGFRα
(perinuclear and cytoplasmic staining) in FS component (×200). C, p-PDGFRβ (perinuclear and cytoplasmic staining) in DFSP components of
FS-DFSP (×200). D, Immunohistochemistry of p-PDGFRβ (perinuclear staining) in FS component (×200). E, p-Akt (nuclear and cytoplasmic
staining) in P-DFSP component (×200). F, p-Akt (nuclear and cytoplasmic staining) in FS component (×200). G, p-mTOR (nuclear and cytoplas-
mic staining) in P-DFSP component (×200). H, p-mTOR (nuclear and cytoplasmic staining) in FS component (×200). I, p-4EBP1 (nuclear and
cytoplasmic staining) in P-DFSP component (×200). J, p-4EBP1 (nuclear and cytoplasmic staining) in FS component (×200). K, p-S6RP (nuclear
and cytoplasmic staining) in F-DFSP component (×200). L, Immunohistochemistry of p-S6RP (nuclear and cytoplasmic staining) in FS compo-
nent (×200). Arrows, endothelial cells.
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for p-Akt (Ser473), p-mTOR (Ser2448), p-4EBP1 (Thr37/46),
and p-S6RP (Ser235/236) and goat polyclonal antibodies for
p-PDGFRβ (Tyr857) were used as primary antibodies. Images
were analyzed using an LAS-4000 Image Reader with Multi-
Gauge software (version 3.0; Fujifilm, Tokyo, Japan). Densi-
tometric analysis was performed in the cases that included
normal tissue (N). The degree of phosphorylation was calcu-
lated as follows, compared with N in each case: (p-protein
[tumor]/actin [tumor])/(p-protein [normal]/actin [normal]).

2.4. Statistical analysis

Fisher exact test was used to evaluate differences between
pairs of populations established according to each parameter.
Thus, all of the clinicopathological, histopathological, and genetic
parameters (age: N39 or ≤39, size: N4 cm or ≤4 cm, location:
trunk or others, with or without recurrence/metastasis, histolo-
gy, myxoid degeneration, pigmentation, giant cells, myoid dif-
ferentiation, and mitosis: N1/10 high-powered fields or ≤1/10
high-powered fields), as well as the immunohistochemical pa-
rameters (p-Akt, p-mTOR, p-4EBP1, p-S6RP, p-PDGFRα,
and p-PDGFRβ), were analyzed for their correlations with
one another using Fisher exact test. The immunohistochemical
parameters were also analyzed to examine the difference
among 3 groups—ordinary DFSP components, DFSP compo-
nents of FS-DFSP, and FS components—using Fisher exact
test. AP b .05 was considered statistically significant. Odds ra-
tio (OR) and risk ratio (RR) were also calculated. RR was
calculated as the ratio of p-PDGFRβ–positive cases to –negative
ones. Survival analysis was omitted because of the data on the
clinical outcome being inadequate for a statistical analysis.
3. Results

3.1. Clinicopathological and histopathological results

The clinicopathologicalfindings are summarized inTable 1.
The age at tumor onset ranged from 1 to 73 years (mean, 40.3):
1 to 73 years (mean, 39.2) in DFSP cases, 26 to 65 years
(mean, 40.8) in FS-DFSP cases, and 47 to 64 years (mean,
53.3) in FS cases. The median tumor size was 3.75 cm (mean,
4.74 cm [range, 1-12 cm]; SD, 3.16): 3 cm (mean, 3.95 cm
[range, 1-11 cm]; SD, 2.81) in DFSPs, 6 cm (mean, 6.34 cm
[range, 2-12 cm]; SD, 3.56) in FS-DFSPs, and 5 cm (mean,
4.93 cm [range, 3.5-6.3 cm]; SD, 1.40) in FSs. There was no
bias in the distribution of the different disease types between
the sexes (20 males and 23 females in DFSPs, 11 males and
8 females in FS-DFSPs, 2 males and 1 female in FS). These tu-
mors were located on the trunk (34 DFSPs, 16 FS-DFSPs, and
3 FSs), extremity (5DFSPs and 2 FS-DFSPs), cervicofacial ar-
ea (4 DFSPs), and scrotum (1 FS-DFSP). There were 3 recur-
rences in DFSP cases and no cases of metastasis/tumor death.

The histopathological findings are summarized in Table 2,
and the representative histology is presented in Fig. 1. Histo-
pathologically, all 65 samples showed a proliferation of



Table 3 Relationship between phosphorylated proteins and pathological data

Parameter Categories Case % P

p-PDGFRα p-PDGFRβ p-Akt p-mTOR p-4EBP1 p-S6RP

Ordinary DFSP component P for Fisher exact test
Age ≥39 20 46.5 1 .5472 .7626 .0677 .3662 .1301

b39 23 53.5
Sex Male 20 46.5 .5375 .5472 1 1 1 .5375

Female 23 53.5
Size ≥4 cm 13 30.2 .4813 1 .7221 .7171 .7283 .7171

b4 cm 20 46.5
NA 10 23.3

Location Trunk 34 79.1 1 .4766 1 .065 .4674 .7117
Others 9 20.9

Myxoid change + 6 14 .3747 .2048 .1853 .0284 .0064 .0672
− 37 86

Pigmentation + 2 4.7 .5017 .495 1 1 1 1
− 41 96.3

Giant cells + 1 2.3 .4186 1 .4884 1 1 1
− 42 97.7

Myoid differentiation + 3 7 .5624 .5751 .6069 1 1 1
− 40 93

Mitosis ≥1/10 HPF 4 9.3 1 .6176 .6069 1 .0393 .2926
b1/10 HPF 39 90.7

DFSP component of FS-DFSP
Age ≥39 11 57.8 .1968 .3698 1 .3765 .1698 1

b39 8 42.1
Sex Male 8 57.8 1 .0968 .6499 .3765 .1698 .1698

Female 11 42.1
Size ≥4 cm 11 42.1 .5962 .1058 .2821 .2995 .0256 .5962

b4 cm 5 26.3
NA 3 15.8

Location Trunk 16 84.2 1 1 .582 1 .582 .582
Others 3 15.8

Myxoid change + 4 21.1 1 .582 1 1 1 .582
− 15 78.9

Pigmentation + 1 5.3 1 1 .4737 1 .4737 .4737
− 18 94.7

Giant cells + 0 0 0 0 0 0 0 0
− 19 100

Myoid differentiation + 1 5.3 .4737 .4737 1 1 1 1
− 18 94.7

Mitosis ≥1/10 HPF 6 31.6 .6285 .3498 .6285 .6169 .1409 1
b1/10 HPF 13 68.4

FS component
Age ≥39 10 45.5 .0743 .0815 .6244 1 1 1

b39 12 54.5
Sex Male 13 59.1 .6656 .187 .655 .6656 .333 .6478

Female 9 40.9
Size ≥4 cm 13 59.1 .6285 .1287 1 .1409 1 .6047

b4 cm 6 27.3
NA 3 13.6

Location Trunk 10 45.5 1 .5152 1 .1948 .0649 1
Others 12 54.5

Myxoid change + 3 13.6 1 1 .1688 .5714 .1688 .2273
− 19 86.4

Pigmentation + 1 4.5 .4545 1 1 1 1 .3182
− 21 95.5

Giant cells + 0 0 0 0 0 0 0 0
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Table 3 (continued)

Parameter Categories Case % P

p-PDGFRα p-PDGFRβ p-Akt p-mTOR p-4EBP1 p-S6RP

− 22 100
Myoid differentiation + 2 9.1 1 1 .4805 1 .4805 1

− 20 90.9
Mitosis ≥1/10 11 50 .6699 .6594 1 .6699 .6351 1

b1/10 11 50

NOTE. P: Fisher exact test.
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spindle-shaped tumor cells arranged in a storiform pattern in
DFSP components (Fig. 1A) and a herringbone pattern in FS
components (Fig. 1B). In total, 13 tumor components showed
focal myxoid change (6 ordinary DFSP components, 4 DFSP
components of FS-DFSPs, 3 FS components) (Fig. 1C), 4 com-
ponents showed pigmentation (2 ordinary DFSPs, 1 DFSP of
FS-DFSP, and 1 FS) (Fig. 1D), 2 components contained giant
cells (1 ordinary DFSP and 1 FS) (Fig. 1E), and 6 components
showed myoid differentiation (3 ordinary DFSPs, 1 DFSP of
FS-DFSP, and 2 FSs) (Fig. 1F). Mitotic figures were observed
rarely or occasionally, that is, on average, 1.1/10 high-
powered fields (HPFs) in ordinary DFSPs, 0.7/10 HPFs in
DFSPs of FS-DFSP, and 3.5/10 HPFs in FSs (Table 2).

3.2. Immunohistochemistry

The results of immunohistochemical staining are presented
in Fig. 2 and summarized in Tables 3 and 4.
Table 4 Intercorrelations between Akt-mTOR pathway proteins and R

Positive cases [%

Ordinary DFSP component (43 cases)
p-PDGFRα 18 41
p-PDGFRβ 24 55
p-Akt 22 51
p-mTOR 17 39
p-4EBP1 20 46
p-S6RP 18 41

DFSP component of FS-DFSP (19 cases)
p-PDGFRα 10 52
p-PDGFRβ 9 47
p-Akt 10 52
p-mTOR 7 36
p-4EBP1 10 52
p-S6RP 10 52

FS component (22 cases)
p-PDGFRα 10 45
p-PDGFRβ 8 36
p-Akt 16 72
p-mTOR 12 54
p-4EBP1 16 72
p-S6RP 15 68

NOTE. P: Fisher exact test.
As for the associations of phosphorylated proteins with the
clinicopathological and histological findings, p-mTOR and p-
4EBP1 were positively correlated with myxoid change in ordi-
nary DFSP (P = .0284 and P = .0064), and p-4EBP1 was
positively correlated with mitosis in ordinary DFSP (P =
.0393); p-4EBP1 was negatively correlated with larger tumor
size in DFSP component of FS-DFSP (P = .0256) (Table 3).
No other significant correlation was detected in the relation-
ships between the clinicopathological/histopathological find-
ings and immunohistochemical results.

The correlations among the immunohistochemical results
of Akt-mTOR pathway proteins and p-PDGFRα/β are summa-
rized in Table 4. There were positive correlations of the phos-
phorylation of all of the Akt-mTOR pathway proteins (p-Akt,
p-mTOR, p-4EBP1, and p-S6RP) with each other. Phospho-
PDGFRβ was correlated with p-Akt, p-mTOR, p-4EBP1, and
p-S6RP in ordinary DFSP components (P = .0329, P =.0058,
P = .0052, and P = .0044, respectively); p-Akt, p-mTOR,
TKs

] P

p-Akt p-mTOR p-4EBP1 p-S6RP

.9 .358 1 1 1

.8 .0329 .0058 .0052 .0044

.2 – – – –

.5 .0001 – – –

.5 .0007 .0002 – –

.8 b.0001 b.0001 b.0001 –

.6 .0055 .1698 .3698 .0698

.4 .0055 .0198 .0001 .0698

.6 – – – –

.8 .0031 – – –

.6 .023 .0573 – –

.6 .023 .3498 .023 –

.5 .0557 .3913 .3476 .6517

.4 .3512 .6749 .0511 .0225

.7 – – – –

.5 .0028 – – –

.7 .0254 .0028 – –

.2 .0536 .1718 .0043 –



Fig. 3 Results of Western blot analysis. The tumor tissue (T) tended to be phosphorylated more than normal tissue (N). IHC, immunohisto-
chemistry; +, positive; −, negative.
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and p-4EBP1 were correlated in DFSP components of FS-
DFSPs (P = .0055, P = .0198, and P = .0001, respectively);
and only p-S6RP (P = .0225) was correlated in FS compo-
nents. Phospho-PDGFRα was correlated with p-Akt (P =
.0055) in DFSP components of FS-DFSPs.

The cases with activation of the Akt-mTOR pathway were
as follows (Supplementary Table 2): 15/43 cases (34.8%) in
ordinary DFSP components, 7/19 cases (36.8%) in DFSP
components of FS-DFSPs, and 11/22 cases (50%) in FS com-
ponents. The cases with coactivation of the Akt-mTOR path-
way and PDGFR were as follows: 12/43 cases (27.9%) in
ordinary DFSPs, 6/19 cases (31.5%) in DFSPs of FS-DFSPs,
and 5/22 cases (22.7%) in FSs. The association of PDGFRβ
phosphorylation with Akt-mTOR pathway activation was sig-
nificant in ordinary DFSPs and DFSPs of FS-DFSPs at P =
.0264 (OR = 5.33, RR = 4) in ordinary DFSPs, at P = .0198
(OR = 18, RR = 6) in DFSPs of FS-DFSPs, and at P =
.6749 (OR = 1.67, RR = 1.39) in FSs. The cases with none
of the phospho-Akt-mTOR pathway proteins were as follows:
17/43 cases (39.5%) in ordinary DFSPs, 7/19 cases (36.8%) in
DFSPs of FS-DFSPs, and 4/22 cases (18.2%) in FSs.

3.3. Western blotting

The results of Western blot analysis are presented in Fig. 3.
This analysis for p-PDGFRα, p-PDGFRβ, p-Akt, p-mTOR, p-
4EBP1, and p-S6RP confirmed the phosphorylation of each
protein as determined by immunohistochemistry. p-PDGFRα
was excluded from this study because all of the cases subjected
to Western blot analysis were immunohistochemically nega-
tive for it.
The results of Western blotting approximately corre-
sponded to the immunohistochemical data, which confirmed
the validity of the immunohistochemical findings.
4. Discussion

FS is a potentially metastasizing component of DFSP, so its
identification is important when making decisions on which
therapy to apply. At present, the identification of FS depends
on the morphology, and its molecular background is still
unknown.

The Akt-mTOR pathway is highly activated in various ma-
lignant tumors, and previous studies have demonstrated the ac-
tivation of this pathway in several sarcomas [9,11-15].
However, the expression profiles of the Akt/mTOR path-
way–associated proteins have not been analyzed sufficiently
in DFSPs in a large study [7,16]. In our study, Akt-mTOR
pathway–associated proteins and upstream RTKs, PDGFRα
and PDGFRβ, were phosphorylated at various rates, and their
phosphorylation were correlated with each other. This con-
firmed the previously proposed hypothesis that the PDGFB-
PDGFRβ paracrine-autocrine system contributes to the tumor-
igenesis of DFSP [6,14]; moreover, it was suggested that
various degrees of activation of the Akt-mTOR pathway are
also associated with the tumorigenesis of DFSP. Note that
activation of PDGFRα/β and Akt-mTOR was not demonstrat-
ed in all tumors used in this investigation, which was not ap-
parently consistent with the hypothesis of PDGFB high
expression and autoactivation of PDGFR. However, immuno-
histochemical stain of phosphoproteins detected only sufficiently
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phosphorylated cases; in fact, negative cases possibly expressed
phosphoproteins in a lower level than detection sensitivity.
Considering the above, it was supposed that the stronger acti-
vation of PDGFR occurred in a tumor, the stronger influence
was given to the downstream Akt-mTOR pathway.

To the best of our knowledge, there is no previous investiga-
tion about activation of the Akt-mTOR pathway in fibrosarcoma-
tous DFSP. Focusing on the relationship between histological
features and signaling activation, the Akt-mTOR pathway was
found to be activated in both DFSP and FS components, and
it was slightly highly activated in FS components. Moreover,
the phosphorylation of Akt-mTOR pathway proteins was inti-
mately correlated with the phosphorylation of PDGFRβ in
ordinary DFSP components; meanwhile, the pathway was less
correlated with p-PDGFRβ in DFSP components of FS-DFSP
and p-PDGFRβ in FS components. The proportions of cases
with PDGFRβ phosphorylation differed little among the 3
groups; therefore, it is considered that another signaling path-
way has a dominant influence on the Akt-mTOR pathway in
FS components. Moreover, activation of Akt-mTOR seemed
to influence the tumor growth of DFSP positively, whereas
this was not evident in FS-DFSP. The functional conversion
of the Akt-mTOR pathway in FS-DFSP might cause the
negative effect of p-4EBP1 to tumor size.

DFSP is thought to be intimately associated with the
PDGFB paracrine-autocrine system, as to the tumorigenesis
[3,17-19], and the excessive secretion of PDGFB is considered
to be a result of COL1A1-PDGFB fusion gene products. Ima-
tinib, a tyrosine kinase inhibitor, which is well known as a spe-
cific treatment for gastrointestinal stromal tumors, has been
adopted for recurrent or unresectable cases of DFSP [5,17],
having a therapeutic effect on 36% to 50% of these tumors
[4,5]. The National Comprehensive Cancer Network guide-
lines currently recommend that imatinib be considered in cases
of DFSP recurrence after resection or in cases deemed unre-
sectable [20]. Imatinib has been reported to show efficacy
against DFSP [3-5,21-24], and a recent analysis of 2 phase II
trials also reported its promising clinical activity [5]. However,
imatinib-resistant cases have also been reported, and progres-
sive disease tends to be observed more in FS-DFSP cases than
in classical DFSP ones. Interestingly, one previously reported
FS-DFSP case developed an imatinib-resistant tumor and sensi-
tivity to everolimus, an mTOR inhibitor [16]. One unfavorable
DFSP case developed lung metastases and died of a tumor in
which there was activation of several RTKs (PDGFRα, PDGFRβ,
EGFR, MCSFR, IR, and IGF1R) [3]. The PDGFRβ-Akt-
mTOR pathway alteration described above could also be
responsible for the resistance of DFSP components of FS-
DFSP to imatinib therapy.

The progression of DFSP has been examined by histopath-
ological and biomolecular methods in some studies, and one
investigation showed the association of microsatellite instabil-
ity and p53 mutation with FS change in DFSPs [25]. In this
study, we added a new concept that the profile of RTK phos-
phorylation can change according to tumor progression, possi-
bly contributing to the resistance to RTK inhibitors in DFSP
cases (Supplementary Fig. 1). Moreover, it is proposed that
the Akt-mTOR pathway is a potential therapeutic target in
imatinib-resistant DFSP or FS.

In conclusion, we have revealed that alteration between
Akt-mTOR pathway proteins and PDGFR may be associated
with the progression of DFSP. We also propose that the Akt-
mTOR pathway is a potential therapeutic target in imatinib-
resistant DFSP or FS.
Supplementary data

Supplementary data to this article can be found online at
http://dx.doi.org/10.1016/j.humpath.2017.07.001.
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