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Abstract: Human melanoma contains multipotent stem cells that express the neural crest stem cell marker CD271. 
CD271-expressing melanoma cells in murine xenografts give rise to metastatic tumor. However, a comprehensive 
clinical investigation of its role in different stages of melanomagenesis has not been well studied. We studied 
CD271 expression with immunohistochemistry in 11 cases of banal melanocytic nevus, 9 cases of primary cutane-
ous melanoma, 10 cases of primary mucosal melanoma, 5 cases of metastatic melanoma in regional lymph nodes, 
and 11 cases of metastatic melanoma in the brain. In addition, 9 cases of metastatic, high-grade adenocarcinomas 
from breast and lung to the brain were studied as controls. The staining was scored based on the number of posi-
tive cells and analyzed by student t-test. All banal melanocytic nevi showed negative to equivocal staining. Primary 
cutaneous melanomas showed variable patterns, mucosal melanomas were mostly negative, and metastases to 
lymph nodes ranged from negative to moderate positivity. In contrast, all 11 cases of metastatic melanoma to the 
brain showed moderate (4 cases) to strong positivity (7 cases). Metastases from lung and breast origin were used 
as controls and showed negative to weakly positive staining in all but one case. Statistically, CD271 has significantly 
increased expression in metastatic melanoma to the brain when compared to the other groups studied (P < 0.05). 
The findings suggest that CD271 expression is specifically increased in metastatic melanoma to the brain. Further 
prospective study for the role of CD271 in prediction of melanoma brain metastasis as well as prognosis assess-
ment will be of great clinical significance.
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Introduction

Melanoma arising from skin is the most lethal 
skin cancer and accounts for approximately 
seventy-five percent of skin cancer related 
death [1, 2]. The overall survival rate with 
advanced stage melanoma is still low, with less 
than fifty percent with regional metastasis and 
fifteen percent with distant metastasis, in spite 
of current advancements in therapeutic modal-
ities. Early diagnosis and effective treatment 
are critical for arresting tumorigenesis and 
metastasis in melanoma [2, 3].

The current understanding of tumorigenesis 
and metastasis in melanoma is founded on the 
concept of cancer stem cell theory. This model 
shows promises in the study of tumorigenesis 

of several cancers. “Cancer stem cell”, which is 
a relative misnomer, refers to a small popula-
tion of relatively slow-cycling cells with continu-
ous self-renewal ability residing in the bulk of a 
tumor and conferring the major tumor initiation 
and propagation capacity in the entire tumor. 
This theory has been well supported by hemato-
logical malignancies such as chronic myeloge-
nous leukemia which are largely driven by 
uncontrolled proliferation and cancer stem 
cells with phenotypic maturation of the off-
spring tumor cells [4-6]. The presence of tumor 
stem cells in solid tumors is still controversial. 
Numerous studies have explored new or exist-
ing surface markers established by previous 
research for cancer stem cells. The current gold 
standard to define a cancer stem cell or initiat-
ing-cell depends on the ability of trace amount 
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of marker-sorted cells to generate the same 
type of tumor in xenografted immunodeficient 
experimental animals, and many types of can-
cer stem cell have been identified following this 
methodology [5]. Among these studies, mela-
noma is one of the most extensively investigat-
ed, yet controversial models.

Melanoma has phenotypic features of melano-
cytes, a derivative of the neural crest stem 
cells. Several groups have observed that only 
relatively small populations of melanoma cells 
are tumor-initiating cells in xenografted immu-
nodeficient nude mice. These cancer stem cells 
express the stem cell surface marker CD133 (a 
transmembrane glycoprotein) [7], ABCB5 (a 
membrane transporter protein) [8], CD166 
(activated leukocyte adhesion molecule) [9], 
Nestin (neuroepithelial stem cells cytoplasmic 
intermediate filament) [7, 10], and Sox2 (tran-
scriptional factor for maintenance of neural 
crest stem cell pluripotency) [11], and CD271 
[12]. CD271, also known as nerve growth factor 
receptor, p75NTR, TNFRSF16, and Gp80-LNGFR, 
is a transmembrane signaling receptor involved 
in negative cell cycle regulation and is specific 
for neural crest origin [13]. CD271 positive mel-
anoma stem cells have shown correlation with 
a higher metastatic potential and worse prog-
nosis in immunodeficient mice, and to metasta-
sis but not prognosis in humans [14, 15]. 
However, a comprehensive clinical investiga-
tion of CD271’s role in different stages of mela-
nomagenesis has not been well studied.

Materials and methods

Patients

Cases were identified from the files of the 
Department of Pathology at the University of 
Oklahoma Medical Center from archived forma-

institutional review board of the University of 
Oklahoma Health Sciences Center.

Histology

The sections were analyzed for melanoma stag-
ing factors including vertical growth, ulceration 
and metastasis.

Immunohistochemistry

Thin sections (3 microns thick) were used to 
minimize formalin fixation generated autofluo-
resence. CD271 mouse monoclonal antibody 
(1:500) [16] validated in immunohistochemis-
try and immunofluorescence in addition to flow 
cytometry, was tested by immunohistochemis-
try with routine protocol previously described in 
detail in other studies [12].

Statistical analysis

The positivity of CD271 staining was scored 
based on a modification of the scoring system 
developed by Setia et al. [17]: scattered and/or 
small cluster, less than 25 positive cells/10 
high power fields (hpf), score 0; scattered pat-
tern and/or small cluster, 26-50 cells/10 hpf, 
score 1/weakly positive;  scattered pattern 
and/or small cluster, 51-75 cells/ 10 hpf, score 
2/moderately positive;  scattered pattern and/
or small cluster and/or large cluster, 76-100 
cells/10 hpf, score 3; any pattern, 100-500 
cells/10 hpf, score 4; any pattern with > 500 
cells/10 hpf, score 5 (score above 3 considered 
strongly positive).

Statistical analysis was performed with 
Microsoft Excel. Student t tests were used to 
compare means of the CD271 staining scores. 
P-values < 0.05 were considered statistically 
significant.

Table 1. Demographic information of patients by type of 
lesion

Lesion Type n Sex  
(M:F)

Age range  
(median) years

Banal nevus 11 5:6 22-75 (56)
Primary cutaneous melanoma 9 5:4 33-92 (65)
Primary mucosal melanoma 10 6:4 41-88 (61)
Melanoma lymph node metastasis 5 3:2 56-91 (70)
Melanoma brain metastasis 11 6:5 29-74 (57)
Breast carcinoma brain metastasis 4 0:4 34-67 (53)
Lung carcinoma brain metastasis 5 4:1 45-72 (61)

lin fixed paraffin embedded blocks, 
including 11 cases of banal melanocytic 
nevi (control), 9 cases of primary cutane-
ous melanoma, 10 cases of primary 
mucosal melanoma, 5 cases of meta-
static melanoma in regional lymph 
nodes, and 11 cases of metastatic mela-
noma in the brain. In addition, 9 cases of 
metastatic high-grade adenocarcinomas 
from breast and lung to the brain were 
also identified as controls (Table 1). Data 
regarding patient age and sex was also 
collected. The study was approved by the 
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Results

Table 1 shows the types of melanocytic lesions 
studied and associated patient demographics.

The distribution of CD271 positive cells was 
most commonly scattered single cells, less fre-
quently as small clusters (< 20 cells), occasion-
ally as large clusters (> 100 cells), rarely as very 
large clusters (> 500 cells), or in a mixed pat-
tern (Figure 1).

In all cases, the CD271 positively stained cells 
showed a membranous pattern, and there was 
no significant difference of staining intensity. 
The highest CD271 scores were observed in 

the group of melanoma brain metastasis and 
variably in primary cutaneous melanoma group. 
Therefore, the CD271 scores of the melanoma 
brain metastasis group were used as a refer-
ence to compare to other groups individually.

The CD271 staining was first examined in 9 
cases of primary cutaneous melanoma, includ-
ing superficial spreading melanoma, nodular 
melanoma, lentigenous melanoma and one 
case of acral melanoma (from the toe) (Figure 
1B, Table 2). No desmoplastic melanoma was 
included. CD271 staining was variable with two 
cases of strong positivity (score > 3), three 
cases of moderate positivity (score between 2), 
and 4 cases of negative staining or weak posi-
tivity (score 0-1).

The investigation of CD271 staining was further 
expanded to include all lesions, including banal 
melanocytic nevi, primary mucosal melanoma, 
melanoma lymph node metastasis, melanoma 
brain metastasis, breast carcinoma brain 
metastasis, and lung carcinoma brain metasta-
sis (Figure 1A and 1C-F, Table 3). All cases of 
banal melanocytic nevi showed negative to 
focal equivocal staining (Score 0-1). Mucosal 
melanoma cases were mostly negative (score 
0) except 2 cases which were weakly to moder-
ately positive (score 1-2). Cases of lymph node 
metastasis ranged from negative to moderately 
positive staining (score 0-2).

Figure 1. Immunohistochemical staining of CD271 in banal nevus (A), primary cutaneous melanoma (B), primary 
mucosal melanoma (C), melanoma lymph node metastasis (D), metastatic carcinoma (E) and metastastic mela-
noma to the brain (F). 

Table 2. Pathologic features and CD271 scores in 
9 cases of primary cutaneous melanoma

Site Breslow  
depth

Clark  
level

Ulcera- 
tion

Mitosis  
(per mm2)

CD271  
score

Temple 4.75 V N/P 2 1
Forehead 2 IV N/P 2 2
Scalp 3 III N/P 18 0
Neck 0.3 II P < 1 2
Shoulder 0.36 II N/P < 1 4
Back 7 IV N/P 4 5
Cheek 1.23 IV N/P 2 0
Cheek 4 V N/P 10 0
Toe 3.6 IV P 7 2
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The CD271 expression was significantly 
increased in cases of metastatic melanoma to 
the brain, with a mean score of 3.64 when com-
pared to all other groups (P < 0.01) (Table 3); it 
is noted that the expression of CD271 in cases 
of lung and breast carcinoma brain metastasis 
was also significantly lower than melanoma 
brain metastasis, indicating the increased 
CD271 expression is relatively specific in the 
latter. 

The CD271 expression in primary cutaneous 
melanoma was overall higher than banal nevus 
and primary mucosal melanoma, in spite of the 
high variation (P < 0.05) (Table 3); no signifi-
cant difference of CD271 expression was 
observed between the primary cutaneous mel-
anoma group and the melanoma lymph node 
metastasis group (P = 0.16), however it should 
be noted that the sample size in the latter was 
much smaller (Table 3).

Discussion 

Although the concept of stem cells in melano-
ma is still under investigation, several markers 
that are claimed to be melanoma stem cell 
markers have shown the potential to be effec-
tive diagnostic and prognostic markers, includ-
ing the previously mentioned markers CD133, 
ABCB5, CD166, Nestin, and Sox2. New drugs 
and immunotherapy related with cancer stem 
cell targeting have been studied as well [18]. 
However, it is noteworthy that few studies con-
cerning the relationship of the novel markers to 
clinical stages in melanoma have been per-
formed up to now.

Our data suggest expression of melanoma 
stem cell marker CD271 is specifically increased 
in metastatic melanoma to the brain. Given the 
poor outcome after melanoma metastasis to 
the brain, it would be expected that CD271 
expression in melanoma may correlate with 

patient’s poor prognosis. However, it should be 
noted that Mohamed et al. demonstrated that 
CD271 expression did not correlate with patient 
prognostic factors including Breslow depth, 
Clark level, sentinal lymph node status, patho-
logic stage, recurrence, or death, in spite of an 
observed significant correlation of its expres-
sion to melanoma metastasis [15].

Further prospective study for the role of CD271 
in prediction of melanoma brain metastasis as 
well as prognosis assessment will be of great 
clinical significance. Our findings have proven 
the clinical usefulness of the melanoma stem 
cell marker CD271, and support the necessity 
in development of targeted therapy against the 
melanoma stem cells.
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Table 3. Comparison of CD271 scores in melanoma brain metastasis group and/or primary cutane-
ous melanoma group with other groups

Banal 
Nevus

Primary  
Cutaneous

Primary  
Mucosal

Melanoma Lymph 
Node Met

Carcinoma  
Brain Met

Melanoma  
Brain Met

CD271 score (Mean) 0.09 1.78 0.3 1 0.67 3.64
P value-1* < 0.001 0.01 < 0.001 < 0.001 < 0.001 Ref.
P value-2* 0.01 Ref. 0.02 0.16
*Indicates the p values by student t test, comparing each individual group with the reference group across the same row.
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