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Abstract. The present study examined the differences 
between gastrointestinal melanoma (GM) and skin melanoma 
(SM). The clinicopathological characteristics, the expression 
of melanoma stem cell markers nestin, sex determining region 
Y‑box 2 and ATP‑binding cassette sub‑family B member 5, 
and the presence of the BRAFV600E mutation were evaluated 
in 10 cases of GM and 31 cases of SM. Patients with GM 
had an increased mean age compared with those with SM 
(76 vs. 68 years). In addition, GMs were significantly more 
likely than SMs to be amelanotic (50 vs. 7%; P=0.001) and 
display round cells (70 vs. 23%; P=0.02). The mitosis rate was 
also significantly higher in GM compared with SM (P<0.05). 
The incidence of lymph‑node metastasis (60 vs. 32%; P<0.05) 
and distant metastasis (10 vs. 6.5%, P=0.02) was significantly 
higher in GMs compared with SMs. The expression of stem cell 
markers did not differ significantly between groups, however, 
in the SM group advanced‑stage disease was associated with 
a significantly higher expression of nestin than early‑stage 
disease (P<0.05). Immunohistochemically, the expression of 
BRAFV600E was significantly lower in GMs compared with in 
SMs (1.0 vs. 3.3; P=0.01). These findings indicate that the iden-
tification of these features may aid in the diagnosis of GM and 
SM, as well as contribute to the development of novel targeted 
therapies against GM.

Introduction

The incidence of malignant melanoma is increasing worldwide; 
approximately 160,000 cases were diagnosed in 2002 (1), and 
232,000 in 2012 (2,3). Melanoma is one of the most aggres-
sive tumors, and the survival time of melanoma patients with 
distant metastasis is only between 9 (4) and 18 (5) months. 

Melanomas are most commonly localized in the skin but 
can arise anywhere in the body where melanocytes exist (6). 
During early embryogenesis, melanoblasts migrate from the 
neural crest to various sites, including the mucosal surfaces of 
the body (e.g., lining the sinuses, nasal passages, oral cavity, 
vagina, and anus), and these can transform into cancerous 
cells, resulting in mucosal melanoma (7). Mucosal melanoma 
is a rare form of this disease, making up only about 1.2% of 
white, non‑Hispanic cases in the United States (8) and 3% of 
Japanese cases (9,10).

Anorectal lesions are the most common type of mucosal 
melanomas, followed by those of the eye, oral‑nasopharynx, 
and esophagus (11‑13). Gastrointestinal melanoma (GM), a 
malignant melanoma arising in the gastrointestinal tract, is a 
major type of mucosal melanoma. However, there have been 
many debates as to its true origin, e.g., the gut vs. a distant, 
undetected primary lesion that has regressed, known as mela-
noma of unknown primary.

Cancer stem cells (CSCs) are tumor cells with stem cell 
properties. The concept of the melanoma stem cell was first 
reported in 2005 (14). Melanoma stem cells are thought to 
have self‑renewal ability, multilineage potential  (15), and 
resistance to chemotherapy (16,17). Several markers have been 
reported to be melanoma stem cell markers, such as nestin (18), 
SOX2 (19), and ABCB5 (20).

The clinicopathological characteristics of melanoma are 
drastically different with respect to primary site and tumor 
stage. The prognosis for mucosal melanoma is extremely poor 
compared to that for skin melanoma (SM), and the 5‑year 
survival rate associated with SM is 81% but that associ-
ated with mucosal melanoma is only 25% (8) SM has been 
clinicopathologically categorized into four types according 
to Clark's classification (21): i) lentigo maligna; ii) superficial 
spreading; iii) acral lentiginous; and iv) nodular. Recently, 
Bastian et al (22) proposed a new classification for SM that 
considers sun exposure and gene abnormalities (22,23). This 
became a major classification with the advances in molecular 
targeted therapy for melanomas with a BRAF mutation (24). 
However, there are no universal staging systems for GM (25). 
GM is difficult to diagnose at an early stage because of the 
anatomical location of the disease. It is usually challenging 
for pathologists to diagnose GM, especially given the small 
amount of biopsy samples usually collected. Previous studies 
have indicated GMs with BRAF and NRAS mutations are 
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significantly rare (23), whereas activating KIT mutations have 
been reported in >30% of case (24,26) and also NF1 mutations 
have been found in 20% of anorectal melanoma cases (27). 
However, the clinicopathological characteristics of GM have 
not been well clarified. In this report, we attempt to determine 
the clinicopathological differences between GM and SM.

Surgical resection is the first choice of treatment for 
early‑stage melanoma (Stages I and II), whereas treatment for 
Stages III and IV melanomas with lymph‑node and/or distant 
metastasis has been evolving dramatically along with the 
development of novel targeted therapies and immunothera-
pies. Moreover, metastatic melanoma patients with the BRAF 
mutations are commonly treated with dabrafenib or vemu-
rafenib (28). Therefore, accurate diagnosis of GM is essential 
for implementing appropriate therapeutic plans.

In the present study, we investigated the clinicopatholog-
ical characteristics of and presence of the BRAFV600E mutation 
in GM patients, and compared these findings to those of SM 
patients.

Materials and methods

Patients and tissues. Tissue samples [GM (n=10) and SM 
(n=31)] were obtained from patients who had undergone 
surgical treatment at our hospital from 1997 to 2015. This study 
was conducted in accordance with the principles embodied in 
the Declaration of Helsinki (2008). Approval for the study 
was obtained from the Human Research Ethics Committees 
at the Tokyo Metropolitan Geriatric Hospital (no. R17‑33) and 
the Nippon Medical School Hospital (no. 29‑07‑805); written 
informed consent was obtained from all patients.

Tissue processing and histological assessment. Tissues were 
fixed in formalin and subjected to standard processing and 
paraffin embedding. They were sliced into 3‑µm thick sections 
for hematoxylin and eosin (H&E) staining and immunohisto-
chemical analysis. Diagnoses of pathological specimens were 
made by more than two pathologists based on the American 
Joint Committee on Cancer (AJCC, 2009) guidelines for 
SMs and the Union for International Cancer Control (UICC, 
7th edition) guidelines for GMs.

Analyses of immunohistochemistry and mitosis findings. 
Paraffin‑embedded tissue sections were immunostained using 
Histofine Simple Stain MAX PO (Nichirei, Tokyo, Japan) kits. 
After deparaffinization, endogenous peroxidase activity was 
blocked by incubating sections with 0.3% hydrogen peroxide 
in methanol for 30 min. Sections were incubated in either 
the absence (negative control) or presence of a monoclonal 
anti‑nestin antibody (diluted 1:100, incubated for 1 h at room 
temperature; MAB5326; EMD Millipore, Billerica, MA, 
USA), anti‑ABCB5 antibody (diluted 1:160, incubated for 1 h 
at room temperature; SAB1300315; Sigma‑Aldrich; Merck 
KGaA, Darmstadt, Germany), anti‑SOX2 antibody (diluted 
1:800, incubated for 1  h at room temperature; GT15098; 
Neuromics, Edina, MN, USA), anti‑BRAF V600E antibody 
(diluted 1:50, incubated overnight at 4˚C; E19290; Spring 
Bioscience, Pleasanton, CA, USA), and anti‑MIB‑1 antibody 
(diluted 1:100, incubated for 30 min at room temperature; 
M7240; Dako; Agilent Technologies, Inc., Santa Clara, CA, 

USA). Bound antibodies were detected using diaminobenzidine 
tetrahydrochloride as a chromogen. Immunohistochemical 
review was performed separately by two of the authors, who 
were blinded to clinical and outcome data. For the evaluation 
of immunostaining, intensity and area of the positive tumor 
cells were determined separately, based upon scores of 0‑3+. 
Intensity was scored as follows: 0, negative; 1+, low; 2+, inter-
mediate, and 3+, high. Area was scored as follows: 0, <25; 1+, 
25‑50; 2+, 50‑75; 3+, >75%. Tissue magnification was x200. 
Intensity and area scores were then multiplied for statistical 
analysis.

We used representative H&E‑stained slides to count 
the number of normal mitoses and atypical mitoses at x400 
magnification. Atypical mitosis was defined as anything other 
than the typical form of normal mitosis, for example, asym-
metrical, ring, and multipolar mitoses. The total mitosis count 
included atypical and normal mitoses. For statistical analysis, 
we averaged the value of the findings from the two authors 
who provided immunohistochemical reviews.

DNA Extraction, polymerase chain reaction (PCR). DNA was 
extracted from 10% formalin‑fixed, paraffin‑embedded tissues 
using the TaKaRa DEXPAT™ kit (Takara Bio, Inc., Otsu, 
Japan), according to the manufacturer's instructions.

A BRAFV600E mutation was analyzed in the total volume 
of the PCR mixture (20 µl), which contained the following: 
10 µl of TaqMan® Genotyping Master mix (Thermo Fisher 
Scientific, Inc., Waltham, MA, USA), 4 µl of prepared gDNA 
sample, 4 µl of nuclease‑free water, and 2 µl of TaqMan® 
Mutation Detection Assay (Thermo Fisher Scientific, Inc.), 
according to the manufacturer's instructions  (29). This 
mixture contains an allele‑specific probe to identify the pres-
ence of p.V600E substitution in a BRAF gene. Amplification 
of the examined region was performed in 96‑well plates as 
follows: pre‑denaturation at 95˚C for 10 min; 5 cycles each 
at 92˚C (12 sec/cycle) and 58˚C (60 sec/cycle); 40 cycles at 
92˚C (15 sec/cycle) and at 60˚C (60 sec/cycle). Each sample 
was sequenced by Quant Studio® 5 Real‑Time PCR system 
(Thermo Fisher Scientific, Inc.).

Statistical analysis. Clinicopathological features were 
analyzed by using Chi‑square test and Student's t‑test. The level 
of significance was set at P<0.05 for all analyses. Statistical 
analyses were performed using the StatViewJ version 5.0 soft-
ware package (SAS Institute, Inc., Cary, NC, USA).

Results

The clinicopathological characteristics of patients with SM and 
GM are shown in Table I. As no specific inclusion/exclusion 
criteria were set, we analyzed all patients reviewed for this 
study. The SM patient group comprised 17 men and 14 women 
with a mean range in age of 66.7 (24‑87) years. The GM 
patient group comprised 5 men and 5 women with a mean 
range in age of 75.7 (40‑94) years. The mean age of the GM 
patients was higher than that of the SM patients; however, the 
difference was not statistically significant.

T4 SM of the back shows an elevated nodule on the epithelium 
(Fig. 1A). Malignant melanoma of the rectum shows a thick-
ened glandular epithelium with tumor cell invasion (Fig. 1B). 
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Findings of melanoma in situ (Fig. 1C, SM) or of junctional 
components (Fig. 1D, GM) adjacent to the invasive tumor was 
considered evidence for identifying a lesion as primary rather 
than metastatic. Melanin deposition in melanoma cells (Fig. 1E) 
and around tumor cells (Fig. 1F) are shown.

The morphological characteristics of SMs (Fig. 2A) and 
GMs (Fig. 2B) show that GMs were more likely to display 
round cells (Fig. 2B) than were SMs (Fig. 2A) (70 vs. 23%, 
P=0.02). Furthermore, GM lesions were more likely to be 
amelanotic (Fig. 2B) than were SMs (Fig. 2C) (50 vs. 7%, 
P=0.001). The incidence of lymph‑node metastasis was 

significantly higher in GMs than in SMs (60 vs. 32%, P<0.04), 
and distant metastases were more likely to be detected in GMs 
(10 vs. 6.5%, P=0.02) at the point of resection. The percentage 
of UICC stage IV patients in GMs was higher than that of 
AJCC stage IV patients in SMs (30 vs. 3.2%, P=0.03).

Mitosis rates and MIB‑1 labeling indices are shown in 
Table II. The MIB‑1 indices tended to be higher in GMs than in 
SMs; however, the difference was not statistically significant. 
The rate of mitoses was significantly higher in GMs (Fig. 2D) 
than in SMs (35.8 vs. 14.5, P=0.02), whereas the difference 
in number of atypical mitoses was not statistically significant.

Table I. Clinicopathological characteristics of SM and GM.

Characteristic	 SM	 GM

Age (mean ± SD)	 66.7±16.8	 75.7±14.9
Gender, n (%)		
  Male	 17 (54.8)	 5 (50.0)
  Female	 14 (45.2)	 5 (50.0)
Location, n (%)		
  Acral	 13 (41.9)	‑
  CSD	 4 (12.9)	‑
  Mucosal	 2 (6.5)	‑
  Non‑CSD	 12 (38.7) 	‑
  Oesophagus 	‑	  1 (10.0)
  Rectum	‑	  4 (40.0)
  Anal canal	‑	  4 (40.0)
  Small intestine	‑	  1 (10.0)
Cell morphology, n (%)		
  Spindle	 24 (77.4)a	 3 (30.0)
  Round	 7 (22.6)	 7 (70.0)
Melanin, n (%)		
  Negative 	 2 (6.5)a	 5 (50.0)
  Positive	 29 (93.5)	 5 (50.0)
T‑classification, n (%)		
  1	 8 (25.8)	 3 (30.0)
  2	 11 (35.5)	 0 (0.0) 
  3	 11 (35.5)	 5 (50.0)
  4	 1 (3.2)	 2 (20.0)
N‑lymph node, n (%)		
  Negative	 21 (67.7)	 4 (40.0)
  Positive	 10 (32.3)a	 6 (60.0)
M‑metastasis, n (%)		
  Negative 	 30 (96.8)	 8 (80.0)
  Positive	 1 (3.2)a	 2 (20.0)
UICC stage, n (%)		
  I	 8 (25.8)	 3 (30.0)
  II	 11 (35.5)	 0 (0.0)
  III	 11 (35.5)	 5 (50.0)
  IV	 1 (3.2)	 2 (20.0)

The data are presented as the mean ± standard deviation, or n (%). A melanoma case of small intestine had history of thymic melanoma. aP<0.05 
vs. gastrointestinal tract by Chi-square test. SM, skin melanoma; GM, gastrointestinal melanoma; CSD, chronic sun damage.
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Next, we compared advanced melanoma (Stage III and IV) 
to early melanoma (Stage  I  and  II) (Table  II). Results for 
Stage III and IV GMs were significantly higher than those for 
Stage I and II GMs with respect to normal mitosis (2.7 vs. 37.5, 

P=0.03), atypical mitosis (1.2 vs. 11.9, P=0.03) and total mitosis 
(3.8 vs. 49.4, P=0.02). The rate of mitoses in Stage III and IV 
SMs tended to be higher than that in Sage I, II; however, the 
difference was not statistically significant.

Expression levels of stem cell markers nestin, ABCB5, 
and SOX2 were similar between GMs and SMs (Table III). 
Stage III and IV SMs and GMs were associated with higher 
expression of these markers than were Stage I and II SMs and 
GMs. Only nestin expression was statistically significantly 
higher in Stage III, IV SMs (Fig. 3A) than in Stage I and II 
SMs (9.6 vs. 6.3, P=0.02; Fig. 3B).

We used PCR to examine BRAF V600E mutations. Mutations 
were positive in 6 cases (all SMs) and negative in 15 cases 
(12 SMs and 3 GMs). The remaining 20 cases (13 SM and 7 GM) 
were not evaluated because the samples were old and small in 
quantity. Immunohistochemically, the expression of BRAFV600E 
was lower in GMs (Fig. 3C) than in SMs (Fig. 3D and Table III) 
(1.0 vs. 3.3, P=0.01). Cases with the BRAFV600E mutation showed 
higher expression of the BRAFV600E protein than did cases 
without the mutation (6.7 vs. 1.9, P=0.002) (Table IV).

Discussion

Our investigation revealed that, compared with SM patients, 
patients with GMs were generally older and more likely to 
display round cells and to be amelanotic. Moreover, they had a 
higher incidence of lymph‑node and distant metastases, were 
more often in an advanced stage of the disease at the point of 
resection, and had a lower frequency of BRAFV600E mutations 
than did SM patients. In our analysis, we found the peak age at 
diagnosis to be in the 60s for SMs and 70s for GMs, which is 
consist with a previous report (8).

Melanoma tumor cells vary greatly in size, shape, 
and morphological character istics. Epithelioid and 
spindle‑shaped cells are two major SM‑cell types. Generally, 
lentigo maligna and acral lentiginous types tend to show a 

Figure 2. Morphological characteristics of gastrointestinal and skin mela-
nomas. (A) SM showing spindle‑shaped tumor cells. (B) GM showing round 
or epithelioid shapes and amelanotic tumor cells. (C) Melanin deposition in 
SM tumor cells. (D) Major normal mitosis (arrow) seen in GM. Magnification, 
x600. SM, skin melanoma; GM, gastrointestinal melanoma.

Figure 1. Representative features of skin and gastrointestinal melanomas. 
(A) T4 skin melanoma tissue sample taken from the back. Magnification, x20. 
(B) Malignant melanoma of the rectum. Magnification, x20. (C) Melanoma 
in  situ (arrow) seen adjacent to the nodular lesion of skin melanoma. 
Magnification, x100. (D) Melanoma cells (arrow) seen in the mucosal layer 
adjacent to the elevated lesion of gastrointestinal melanoma. Magnification, 
x100. (E) Magnification of a squared area of part  (C). Melanoma cells 
showing hyperchromatic nuclei with melanin deposition in the cytoplasm. 
Magnification, x400. (F)  Magnification of a squared area of part  (D). 
Magnification, x400.

Table II. MIB‑1 indices and mitoses.

Indices	 SM 	 GM 

MIB‑1 index	 25.6±19.1	 35.0±18.1
  Stage I‑II	 22.2±17.2	 21.7±10.4
  Stage III‑IV	 30.8±21.5	 40.7±18.1
Normal mitosis	 10.6±15.8	 27.1±24.7a

  Stage I‑II	 6.5±9.6	 2.7±2.3
  Stage III‑IV	 17.1±21.4	 37.5±22.1b

Atypical mitosis	 3.9±7.5	 8.7±7.8
  Stage I‑II	 2.1±3.3	 1.2±0.9
  Stage III‑IV	 6.6±11.0	 11.9±2.6b

Total mitosis	 14.5±22.7	 35.8±30.7a

  Stage I‑II	 8.6±12.8	 3.8±3.5
  Stage III‑IV	 23.8±31.3	 49.4±26.2b

Data are presented as the mean ± standard deviation. aP<0.05 vs. SM 
by Student's t‑test. bP<0.05 vs. stage I‑II by Student's t‑test. SM, skin 
melanoma; GM, gastrointestinal melanoma.
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predominance of spindle‑shaped cells among their invasive 
dermal components, whereas superficial‑spreading and 
nodular lesions tend to be composed largely of epithelioid 
cells (30). In previous reports, approximately 70% of anorectal 
melanomas showed an epithelioid phenotype (27,31), which 
is consistent with our study results. Amelanotic melanoma 
was found in 50% of GMs in our study, as opposed to 21% 
in a previous report concerning anorectal melanoma (31), 
suggesting a higher incidence of amelanotic features in GMs 
than in SMs.

Cell proliferation is one of the major characteristics of 
malignant tumors. Numerous studies have shown that mitotic 

rate is associated with the prognosis for SM (32,33). In the 
present study, the number of normal and total mitoses were 
found to be higher in GM, than in SM, suggesting that GM 
might be more aggressive than SM, thereby resulting in GM's 
poorer prognosis. However, the MIB‑1 index did not show a 
significant difference between GM and SM. We believe that 
this lack of a MIB‑1 index difference has a few possible expla-
nations. First, the mitosis number was counted by the hot spot 
area, whereas the MIB‑1 index was evaluated by the entire 
region on the slide. Furthermore, the mitosis number included 
abnormal mitoses, which may count alterations related to chro-
mosomal abnormalities. Finally, the MIB‑1 index considers 
all cells except those in the G0 phase of the cell cycle. These 
disparities between mitosis and the MIB‑1 index may have 
influenced our results.

Previous studies have suggested that melanoma stem 
cells play important roles in cell proliferation as well as in 
tumor initiation, development, recurrence, and resistance to 
chemotherapy (15,17). SRY (sex‑determining region Y)‑box 
(SOX2) is a transcription factor expressed by neural progen-
itor cells that also regulates the nestin core enhancer (19). 
Recent reports have shown that SOX‑2 contributes to cell 
invasion (34), while regulating the self‑renewal ability and 
tumorigenicity of human melanoma‑initiating cells  (35). 
ABCB5 is a members of the ATP‑binding cassette (ABC) 
superfamily of transporters and is targeted in chemothera-
peutic drug‑efflux pumps (20). Immunostaining of ABCB5 
has been shown to have higher expression in invasive than 
in in situ melanoma, suggesting that it is a key player in the 
development of melanoma (36). Various types of stem cell 
markers have been identified for SM, while little is known 
about stem cell markers for GM. We found expression levels 
of nestin, ABCB5, and SOX2 to be similar in GM and SM, 
suggesting that these stem cell marker‑related proteins 
might play similar roles in both diseases. However, nestin 
expression was higher in advanced stages of SM than in 
early stages. Nestin is an intermediate filament protein that 
regulates cell proliferation via cyclin‑dependent kinases and 
AKT (37). Similarly, it has been reported that nestin plays 
important roles in cell proliferation and metastasis of mela-
noma (18,38‑40). Taken together, these findings suggest that 
nestin plays important roles in melanoma stem cells, and has 
potential as a novel targeted therapy.

Table III. Score of positive cells of immunohistochemical 
markers.

Marker	 SM	 GM

Nestin	 7.6±3.9	 6.7±2.8
  Stage I‑II	 6.3±3.9	 5.7±2.5
  Stage III‑IV	 9.6±2.9b	 7.1±3.0
ABCB5	 1.3±0.6	 1.2±0.6
  Stage I‑II	 1.2±0.6	 1.0±0.0
  Stage III‑IV	 1.4±0.7	 1.3±0.8
SOX2	 0.9±1.3	 0.8±1.4
  Stage I‑II	 3.0±3.9	 1.5±0.5
  Stage III‑IV	 2.3±2.0	 5.5±5.0
BRAF	 3.3±3.3	 1.0±1.5a

  Stage I‑II	 2.9±3.2	 1.0±1.0
  Stage III‑IV	 4.1±3.3	 1.0±1.2

The data represent the mean ± standard deviation. aP<0.05 vs. SM 
by Student's t‑test. bP<0.05 vs. stage I‑II by Student's t‑test. SM, skin 
melanoma; GM, gastrointestinal melanoma.

Figure 3. Immunohistochemical staining for nestin and BRAFV600E. 
(A) Stage  IV SM showing strong expression of nestin. (B) Stage  II SM 
showing weak expression of nestin. (C) Absence of immunoreactivity to 
BRAF in gastrointestinal melanoma. (D) Strong expression of BRAF in 
SM. Counterstaining was by hematoxylin. Magnification, x600. SM, skin 
melanoma.

Table IV. Results of BRAF mutation by polymerase chain 
reaction and immunohistochemistry.

	 BRAFV600E	 Immunohistochemical
	 mutation	 score of BRAFV600E

Type	 by PCR	 expression

Wild type	 15	 1.9±2.8
Mutant type	 6	  6.7±1.6a

N.D.	 20	‑

aP<0.005 vs. wild type by chi square test. The data represent the 
number of cases and the mean score ± standard deviation. N.D., not 
determined.
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We confirmed a low frequency of BRAFV600E mutation in 
GMs as compared with that in SMs. A recent meta‑analysis 
showed that immunohistochemistry is highly sensitive and 
specific for the detection of the BRAFV600E mutation and 
highly comparable to genetic methodology in melanoma 
cases (41). Findings of a few analyses have indicated that 
BRAF and NRAS mutations in GM are exceedingly rare (23), 
whereas activating KIT mutations are found in >30% of 
cases (24,26). The present study also found a high concor-
dance between immunostaining and PCR in detecting 
BRAF V600E. Therefore, immunohistochemical staining might 
be more useful than PCR, especially with a small number of 
biopsy samples.

Our study has several imitations. Primarily, the number of 
cases was small and most of the patients were elderly, espe-
cially for the GM group. However, our study might provide 
useful information for making differential diagnoses of 
GMs. Further study is needed to elucidate the mechanisms of 
GM's poor prognosis and to achieve early detection, thereby 
improving patient outcomes. In conclusion, we have identified 
differences in clinicopathological characteristics between GM 
and SM. In addition, we suggest a possible focus for a new 
molecular targeted treatment.
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