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Abstract

Phosphatase and Tensin Homolog (PTEN) is a protein that is encoded by the PTEN gene. Mutations of this
gene are a step in the development of many cancers. A decrease or loss of PTEN expression has been described
in many types of malignancies. This study was designed to evaluate by immunohistochemistry the relationship of
Phosphatase and Tensin (PTEN) homolog expression and clinicopathological parameters of thirty-two archival tumor
tissues of Malignant Fibrous Histocytoma (MFH) patients as well as analyzing the relationship of its expression
with response to therapy. Hematoxylin and eosin-stained sections from 32 MFH cases were classified according
to well-defined criteria into 4 groups. Then, they stained immunohistochemically with PTEN protein. Quantitation
of immunoreactivity was performed using an Olympus light microscope interfaced via a Sony camera to an image
analysis system. The tendency was observed for positive PTEN expression to be associated with both storiform and
giant cell subtypes. Moreover, the loss of PTEN in the 10 patients with recurrent disease who underwent salvage
chemotherapy had a poor response to chemotherapy. The present study has demonstrated that loss of PTEN may
serve as a reliable biological marker of high malignancy potential in of malignant fibrous histiocytoma. Moreover, loss
of PTEN is an important eventin regulating sensitivity to chemotherapy in those cases. Thus, our results suggest that
the PTEN gene may be a therapeutic target for the treatment of malignant fibrous histiocytoma PTEN MFH cases

and its expression help to predict the treatment response.
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Introduction

Phosphatase and Tensin homolog (PTEN) is a protein that,
in humans, is encoded by the PTEN gene [1]. Mutations of this
gene are a step in the development of many cancers. PTEN acts as a
tumor suppressor gene through the action of its phosphatase protein
product. This phosphatase is involved in the regulation of the cell cycle,
preventing cells from growing and dividing too rapidly [2]. It located on
chromosome 10q23.3 and encodes a cytoplasmic protein that controls
cellular processes, such as cell cycling and apoptosis 3-kinase [3]. A
decrease or loss of PTEN expression has been described in many types
of carcinomas and other malignancies [4-6]. Moreover, its negative
prognostic value has been proven in many types of cancer. Studies in
bladder, colon and ovarian cancers indicated a correlation between
defective PTEN and resistance to chemotherapy [6-8].

Malignant Fibrous Histiocytoma (MFH) is the most common
malignant soft tissue tumor in adults [9]. Histopathologically; MFHs
can be sub-classified as storiform, pleomorphic, myxoid, giant cell, and
inflammatory types [10]. The most important prognostic factor for MFH
is the stage of the tumor. The stage is determined by tumor grade, size,
depth, and presence of metastasis, and is a function of mitotic rate and
tumor necrosis [11-13]. In MFH, the expression profile of the PTEN is
poorly defined and its significance is uncertain. We aimed to investigate
the relationship of PTEN expression and clinicopathological parameters
of MFH patients as well as analyzing the relationship of its expression
with response to therapy.

Materials and Methods

Pretreatment clinical examination was done to every case. A
minimum follows up period of 7 months was considered to all cases
after finishing their treatment to assess their clinical response.

Population

From 1995 to 2016, 40 patients with MFH and no evidence of

dissemination at the time of diagnosis were seen and treated at Clinical
Oncology Outpatient Clinic, Mansoura University. Histopathological
material from the original tumor was available in 32 cases. The available
clinical data regarding the age at diagnosis, sex, duration of symptoms
before diagnosis, tumor size and location, local extension, therapy, and
follow-up were noted.

Histopathology

The hematoxylin and eosin-stained sections from all thirty-two
patients were reviewed by two observers. All tumors were fixed in 10%
neutral buffered formalin and the tumors were classified according to
well-defined criteria [14].

Immunohistochemical analysis

Paraffin-embedded, 4-pm thick tissue sections from the thirty-
two MFH were stained for the PTEN protein using a primary rabbit
polyclonal anti-PTEN antibody (Zymed Laboratories, San Francisco,
Calif). De-paraffinization of all sections was performed through a
series of xylene baths, and rehydration was performed through graded
alcohols. The sections were then immersed in methanol containing 0.3%
hydrogen peroxidase for 20 min to block the endogenous peroxidase
activity and were incubated in 2.5% blocking serum to reduce nonspecific
binding. Sections were incubated overnight at 4°C with primary
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anti-PTEN antiserum (1:100). The sections were then processed
using avidin-biotin immunohistochemical analysis according to the
manufacturer’s recommendations (Vector Laboratories, Burlingame,
Calif). Diaminobenzidine was used as a chromogen, and commercial
hematoxylin was used for counterstaining. Adjacent normal-appearing
epithelium within the tissue sections served as a positive internal
control. A case of colon carcinoma was included as a positive external
control. Slides in which the primary antibody was omitted served as
negative controls.

Staining assessment

Quantitation of immunoreactivity was performed using an
Olympus light microscope interfaced via a Sony camera to an image
analysis system (QwinPro, Leica and Wetzlar, Germany). The
percentages of PTEN immunopositive cells were obtained from 20
random fields per case/section using a 10X objective lens. Estimation of
PTEN immunostaining intensities was made in immune-positive cells
also was made. Tumor cells immunoreactivity was scored as follows:
(-)=100% of cells were negative, mild (+)=(0%-<25%) of cells were
positive, moderate (++)=(25%->50%) of cells were positive and intense
(+++)=(75%-100%) of the cells were positive. The staining intensity in
PTEN-positive cases was verified as strong and weak.

Strong: densely stained reaction visible at low magnification
(objective 4X).

Weak: faintly cytoplasmic reaction visible at higher magnification.

Treatment response

Treatment included surgical ablation followed by postoperative
radiation therapy (12 of 32), surgical ablation only (16 of 32), surgical
ablation combined with radiation therapy and chemotherapy (4 of 32).

For patients with local recurrences and distant metastases, the
objective response to salvage chemotherapy was evaluated by using
well-defined criteria [15]. A complete response represented a complete
disappearance of this tumor, while a partial response was represented
by a 50% decrease in tumor size. The response rate was based on
radiological and/or pathological findings.

Statistical analysis

Because of the relatively small sample size, Fisher exact tests were
exclusively used to examine associations between categorical variables.
P<0.05 was considered statistically significant.

Results

Clinical and pathological features

Patients’ age ranges from 38 to 78 with a mean age of 59.96 years.
There was a distinct female predilection among study cases with a
female to male ratio of 3:1 respectively. In relation to the site, the
majority of the cases were within maxilla (25% of all cases). Of the 32
tumors, 62.5% were large and exceeded 3 cm in diameter.

Distant metastasis to the lung occurred in four patients while local
metastasis to regional lymph nodes was demonstrated in eight patients.
Recurrence was recorded in 20 patients. Local recurrence in patients
treated with surgical ablation combined with adjuvant therapy was
lower than that in patients treated with surgical ablation only with a
ratio of 1:4 respectively. Moreover, large tumors showed higher local
recurrence than small lesions.

Twelve patients (37.5%) remained free of disease for more than
1 year after diagnosis. Moreover, only two patients died immediately

4 months after diagnosis, because of local recurrence and distant
metastases.

The most common histological variant within the studied cases was
the storiform-pleomorphic (62.5%). The giant cell type was detected
in eight cases (25%), while only four cases were of the inflammatory
variant. The giant cell variant was associated with a good prognosis and
respond well to surgical ablation. The storiform-pleomorphic and the
inflammatory subtypes were more aggressive and respond to surgery
alone with a lesser extent.

Immunohistochemical staining

Regarding immune-reactivity, the staining was cytoplasmic. Loss
of PTEN expression was noted in twenty (62.5%) of the thirty-two
MFH cases. Weak expression was seen in only four cases (12.5%). The
remaining eight cases (25%) revealed strong PTEN immune-positivity
(Figures 1-4).

The correlation of the immune-staining with different clinic-
pathological parameters in MFH is shown in Table 1. Although a
tendency for positive PTEN expression was observed to be associated
with smaller tumors and was more likely to be present in patients
younger than 60 years. No relationship was observed between the
PTEN immune-staining in one hand and age as well as both sex and
site of tumor on the other hand. However, a tendency for positive PTEN
expression was observed to be associated with both storiform and giant
cell subtypes, there was no statistically significant difference between
PTEN expression and histological subtypes of MFH.

Of the twenty patients whose tumors were PTEN negative, sixteen
(80%) had a recurrence at follow-up, whereas only four cases of the
twelve patients whose tumors were PTEN positive had a recurrence
(Table 2).

The results of immunohistochemical staining for PTEN and its
relationship to the objective response to salvage chemotherapy treatment
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cytoplasmic reaction to PTEN in many neopilstic cells in the storiform area. Inset
shows higher magnification of immuno-reactive cells (ABC DAB 100X).
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Figure 2: MFH (pleomorphic type) shows mild positive cytoplasmic reaction to
PTEN in some neopilstic cells (ABC DAB 100X).

A

Figure 4: MFH (giant cell type) shows strong positive cytoplasmic reaction to
PTEN protein in stromal and multinucleated giant cells (ABC DAB 400X).

Figure 3: MFH shows strong positive cytoplasmic reaction to PTEN protein in
many spindle cells with storiform pattern and an admixture of histiocyte-like cells
with prominent pleomorphism, hyperchromatism and frequent mitotic figures
and bizarre multinucleated giant cells (ABC DAB 400X).

are summarized in Table 3. Partial response of only four cases of the
twenty tumors with negative staining to chemotherapy was detected
while eight tumors with positive staining responded. Statistically, there
was no significant association between PTEN immuno-staining and
response to salvage chemotherapy.

Discussion

MFH can arise from soft tissue or bone. Their occurrence is most

Parameter No. of . Positive PTE.N p-value
cases immuno-staining
Age
<60 20 12 (60%) NS
>60 12 0 (0%)
Sex
Female 24 4 (16.7%) NS
Male 8 8 (100%)
Site
Maxilla 8 4 (50%)
Mandible 2 2 (100%)
Buccal mucosa 6 0 (0%) NS
Tongue 4 2 (50%)
Lips 4 2 (50%)
Soft palate 4 0 (0%)
Floor of the mouth 4 2(50% )
Tumor size
<3cm 12 4 (33.3%) NS
>3 cm 20 8 (40%)
Histological subtype
Storiform-pleomorphic 20 8 (40%)
Giant cell type 8 4 (50%) NS
Inflammatory type 4 0 (0%)

NS: Not significant

Table 1: Relationship between PTEN immuno-staining and clinicopathological
parameters in malignant fibrous histiocytoma.

common in the soft tissues of the abdomen and extremities, while
23% of histiocytomas occur at osseous sites. Although they can be
found in the head and neck region, their occurrence is uncommon,
accounting for 3%-8.5% of the cases [16-19]. In the head and neck, the
nasal cavity and the paranasal sinuses are the most commonly affected
sites and subsequently, the maxillary alveolar bone is often affected
[19]. Mandibular MFH accounts for only 3% of all MFH bone lesions
[20]. The peak occurrence is in persons aged 50-70 years. A slight
male predominance is observed. They can occur everywhere, owing to
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Patient Age Treatment Follow-up post-therapy (mo) Status at last follow-up PTEN immuno-staining
1 38 S+R+C 26 AWD +++
2 66 S 1 R +
3 58 S+R 52 AWD -
4 69 S 4 R.DOD -
5 72 S+C 31 R -
6 50 S+R+C 26 AWD +++
7 61 S+R 6 R -
8 62 S 12 R -
9 70 S+R 33 AWD -
10 68 S 12 R -
1 71 S 18 R -
12 57 S+R 29 AWD +++
13 78 S+R 1 R -
14 63 S+C 13 AWD +++
15 59 S+R 35 AWD +++
16 61 S 1 R +
17 65 S 9 R -
18 56 S+R 23 AWD +++
19 39 S+R+C 18 AWD +++
20 49 S+R 13 AWD -
21 70 S 8 R +
22 63 S 7 R +
23 54 S+R 5 R -
24 66 S 6 R.DOD -
25 64 S 3 R -
26 62 S+C 6 R -
27 46 S+R+C 21 AWD +++
28 55 S+R 19 AWD -
29 53 S+R 24 AWD +++
30 62 S 7 R -
31 42 S+R 9 R -
32 70 S+C 20 AWD +++
S=Surgery; R=Radiotherapy;, C=Chemotherapy
AWD: Alive with Disease; DOD: Dead of Disease; R: Recurrence
Table 2: Relationship between the immuno-staining of the primary tumor for PTEN and the outcome of 32 patients of MFH.
. L. Response
PTEN immune-staining No. of case: -
Non Partial Complete
Negative 12 8 4 0
Positive 0 0 8

Table 3: Relationship between PTEN immuno-staining and response to salvage chemotherapy in 20 patients with recurrent tumor.

their mesenchymal origin [21,22]. These findings were in accordance
with our results. In contrast to the findings of this work, a slight male
predominance is observed [21,22].

The treatment of choice for the oral and maxillofacial MFH is
extended surgical resection provided that adequate margins of normal
surrounding tissues can be obtained [23]. Wide resection with clear
margins is very important for improving survival [24]. But it is often
difficult to conduct extended resection of a head and neck lesion with
a wide margin of safety. Therefore, the treatment for head and neck
MFH results in a significantly adverse outcome when compared with
the treatment for MFH arising in other regions. Thus, many researchers
have reported that a combination of radical excision, radiotherapy,
and chemotherapy for head and neck region MFH was more effective
[16,24,25].

Recurrence is related to size, depth of invasion, and microscopically
positive surgical margins [26]. The proportion of the local recurrence

rate of MFH after initial local excision ranges between 16% and 52%
[27,28]. Yamaguchi et al. [24] revealed however local recurrence was
less common in patients with adjuvant therapy (radiation therapy and/
or chemotherapy) comparing with patients treated by surgery alone
[24]. Nevertheless, another study revealed that the overall survival rate
in patients with adjuvant therapy was lower than patients treated by
surgery alone [24]. These results were in agreement with our result.

MFH has been divided into 5 subclasses: storiform-pleomorphic
type, myxoid type, giant cell type, angiomatoid and inflammatory
type [23,29]. The findings of the present studied cases showed that the
major MFH variants belong to the storiform-pleomorphic type. Ozzelo
et al. [30] and O’Brien et al. [21] stated that storiform-pleomorphic
type is the most common type, and is a highly cellular tumor, which
can range from well differentiated to anaplastic. While Ogura et al.
[31] divided MFH into 4 categories: storiform predominance, myxoid
predominance, inflammatory predominance, and pleomorphic. This
classification may be of some significance with respect to prognosis;
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the storiform and myxoid patterns are associated with a good prognosis
because they metastasize slowly and respond well to surgical therapy.
The inflammatory, and to a lesser degree, the pleomorphic variants, are
more aggressive, they metastasize early, and respond less favorably to
surgery alone.

Oral and jaw bone tumors are more aggressive than the tumors
of the other sites of head and neck. However, the identification of a
subgroup of less aggressive tumors is difficult because of the limited
number of accepted prognostic factors. The prognosis of MFH lesions
is influenced by the depth of tumor infiltration into the surrounding
tissues, the mass of the tumor, and the anatomic location of the tumor
[32]. MFH is known to be resistant to most chemotherapeutic regimens
[14,33].

PTEN is a recently identified tumor suppressor gene [1,34]
that plays important roles not only in suppressing cancer but also
in regulating apoptosis [35,36]. Loss of PTEN expression has been
detected in many cancers, including those of the human brain, breast,
prostate, and lymphoid cells [34,37-39].

In this study, eight cases of storiform- predominance MFH
demonstrated a positive immune reaction to PTEN in contrast to the
negative reaction was noted in cases of both storiform-pleomorphic
and inflammatory types of MFH. These results are in agreement with
Pezziet et al. [28] who reported the more cellular tumors including the
classic storiform-pleomorphic type make up the high-grade group and
are highly aggressive [28,40,41]. In giant cell type of MFH, only four
cases of the eight showed PTEN immunoreactivity in less than 50% of
cells but the staining was of strong intensity. This finding may suggest
that this subtype is an intermediate grade of malignancy. Moreover,
PTEN positive expression in eight cases of storiform-predominance
might reflect a better degree of differentiation and may represent an
intrinsic prognostic factor in MFH.

The PTEN protein is a lipid phosphatase with putative tumor-
suppressing abilities, including inhibition of the PI3K/Akt signaling
pathway. Inactivating mutations or deletions of the PTEN gene,
which result in hyperactivation of the PI3K/Akt signaling pathway,
are increasingly being reported in human malignancies, including
breast cancer, and have been related to features of poor prognosis and
resistance to chemotherapy and hormone therapy [42]. These findings
were in agreement with our results in which nearly almost MFH
examined cases that showed loss of PTEN expression were resistant to
chemotherapy and showed recurrence. While PTEN positive expression
was associated with a better prognosis in MFH. These findings were
in accordance with Ogura et al. [31] who found that the storiform
and myxoid patterns are associated with a good prognosis because
they metastasize slowly. The inflammatory, and to a lesser degree,
the pleomorphic variants, are more aggressive, they metastasize early.
However, statistically, no relationship was observed with the tumor size,
histological subtype, or necrosis in our study.

Accordingly, the present study showed that both inflammatory
and pleomorphic variants are a more aggressive and lower grade of
malignancy than both storiform variant and giant cell type MFH. This
is explained by the higher expression of PTEN in storiform variant than
both pleomorphic and inflammatory types of MFH. Thus, loss of PTEN
may serve as a reliable biological marker of high malignancy potential
in MFH of the jaws. Furthermore, our interesting results supported that
PTEN is the point of convergence of multiple signaling pathways and
is involved in multiple antitumor effects such as anti-invasion, anti-
proliferation, and anti-metastasis. Therefore, our future studies will

focus on clarifying the intermediate steps that result in the ultimate
effects and elucidate the relationship among various signaling pathways.

Conclusion

In conclusion, the present study has demonstrated that loss of
PTEN may serve as a reliable biological marker of high malignancy
potential in MFH of the jaws. Additionally, PTEN represents an
important prognostic factor in MFH and is independent of tumor
size; histological subtype, and necrosis. Moreover, loss of PTEN is
an important event in regulating sensitivity to chemotherapy and is
required for the development of resistance to chemotherapy in MFH
cases. Thus, our results suggest that the PTEN gene may be a therapeutic
target for treatment of MFH cases of the jaws.
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