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Abstract. The World Health Organization classification of 
choroid plexus tumors (CPT) includes three distinct grades: 
Choroid plexus papilloma (CPP), atypical choroid plexus 
papilloma (ACPP) and choroid plexus carcinoma (CPC). The 
molecular basis for these pathological distinctions may help 
to stratify tumors and provide an insight into the clinical 
behavior of CPTs. In the present study, the progenitor and 
stem cell markers neuron glia antigen-2 (NG2) and sex-deter-
mining region Y‑box 2 (SOX2) were investigated as potential 
biomarkers that may distinguish between distinct CPT grades. 
Immunohistochemistry was used to determine the expression 
of NG2 and SOX2 in CPTs (n=34) from Chinese patients  
(21 males and 13 females) with a mean age of 31.1 years 
(range, 1‑63 years). The proportion of cells stained were 
scored using a scale between 0 and 3+, where 0 represents no 
staining and 3+ represents strong staining, and mean scores 
for each marker were determined on the basis of tumor grade. 
Pathological diagnosis revealed a distribution of cases as 
follows: CPP, 25; ACPP, 5; and CPC, 4. NG2 and SOX2 were 
expressed in CPTs of all grades. The mean labeling indices 
for CPP, ACPP and CPC were 1.12, 1.80 and 2.75 for NG2, 
respectively, and 1.20, 2.00 and 3.00 for SOX2, respectively. 
Statistical analysis of the mean labeling indices revealed a 
significant association between the expression of NG2 and 
SOX2 and CPT grade (P=0.001 and <0.001 for CPP/ACPP 
and CPP/CPC, respectively). The results of the present study 
indicated that increased expression of NG2 and SOX2 was 
associated with higher-grade tumors and that these markers 
may be useful in determining CPT grade.

Introduction

Choroid plexus tumors (CPTs) are rare intracranial neoplasms 
that derive from the choroid plexus epithelium of the ventri-
cles (1,2). The lesions are commonly located in the lateral and 
the fourth ventricles, and rarely in the cerebellopontine angle 
and the third ventricle (3,4). The majority of CPTs arise with 
clinical symptoms that are associated with hydrocephalus as a 
result of direct mechanical obstruction of the flow of cerebro-
spinal fluid (CSF) and arachnoid granulation blockage from 
hemorrhage and overproduction of CSF (1,5).

Treatment of CPTs is currently based on histological diag-
nosis. According to the World Health Organization (WHO) 
classification scheme, CPTs are diagnosed as choroid plexus 
papilloma (CPP, WHO grade I), atypical choroid plexus papil-
loma (ACPP, WHO grade II) and choroid plexus carcinoma 
(CPC, WHO grade III) (3). For all classifications, the general 
treatment strategy is surgical resection unless this is not possible 
due to tumor location, for example. Gross total resection (GTR) 
is the indicated course of treatment for CPP as well as for ACPP. 
CPP is a benign neoplasm and recurrence following GTR is 
rare, therefore adjuvant radiotherapy and chemotherapy are not 
generally recommended (2,3,6,7). ACPP cases exhibit atypical 
histological features along with increased mitotic activity; 
however, patients with this type of tumor also exhibit a good 
prognosis following GTR. Patients with ACPP generally only 
require close observation and follow‑up; however, chemotherapy 
is necessary when GTR is not performed or there is tumor 
dissemination or recurrence. CPC, however, is hypervascular 
and infiltrative, making GTR difficult to achieve. Patients with 
CPC may therefore require more comprehensive treatment, 
regardless of the extent of resection (8-12).

Radiotherapy and chemotherapy effectively prolong overall 
survival times in patients with CPC (10,13,14). Radiotherapy, 
however, is only suitable for patients >3 years (2) and it remains 
unclear which patients may benefit from adjuvant therapy 
based on histological examination alone. Therefore, in the 
present study it was analyzed whether biomarkers may be used 
to predict and distinguish distinctions in prognosis between 
CPT cases of distinct grades. The association between the 
expression of progenitor and stem cell markers neuron glia 
antigen-2 (NG2) and sex-determining region Y-box 2 (SOX2) 
in CPTs and tumor grade was determined.
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Materials and methods

Ethical statement. The present study was approved by the 
Ethics Committee of Qilu Hospital, Shandong University 
(Jinan, China) and all procedures were conducted according 
to the World Medical Association Declaration of Helsinki 
Ethical Principles for Medical Research Involving Human 
Subjects (2013). Written informed consent was obtained from 
all study participants.

Patients. Patients (n=34) treated for pathologically confirmed 
CPT in the Department of Neurosurgery, Qilu Hospital of 
Shandong University, between January 2003 and December 
2013 were included in the present study. Tumors were resected 
using microscopic surgery, with the surgical approach based 
on tumor location and size in order to avoid damage to 
cortical functional areas and tracts. Patients received routine 
post‑surgical care and follow‑up. Surgical specimens were 
formalin‑fixed, paraffin‑embedded, sectioned and stained 
with hematoxylin and eosin for histological examination by 
a neuropathologist. Patient characteristics are provided in 
Table I.

Immunohistochemistry. Paraffin‑embedded specimens were 
sectioned (3 µm), deparaffinized in xylene and rehydrated 
in a graded series of alcohol. Antigen retrieval was carried 
out by heating sections in a microwave oven in citrate 
buffer (pH 6.0; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA; 005000) at 97˚C for 20 min and then allowing 
them to cool to room temperature (RT). Endogenous peroxi-
dase activity was inhibited by incubation at RT with 3% 
H2O2 for 20 min and subsequently incubated at 4˚C with 
primary antibodies overnight (anti‑SOX2; ab97959; 1:1,000; 
anti‑NG2; ab50009; 1:50; Abcam, Cambridge, MA, USA). 
Positive and negative controls were included in parallel. 
Detection was performed by incubating slides at RT for 
30 min with a biotinylated secondary antibody followed by 
streptavidin‑biotin‑horseradish peroxidase complex (SP9000 
kit; Beijing Zhongshan Jinqiao Biotechnology Co., Ltd., 
Beijng, China; anti‑mouse/rat/rabbit, Beijing, China). All 
washes in between incubations were performed with PBS 
and diaminobenzidine (DAB) was used as the chromogenic 
substrate for visualization. Sections were counterstained 
with hematoxylin and eosin, followed by differentiation in 
hydrochloric acid-ethanol and bluing in ammonia water. 
Slides were dehydrated in an ethanol series, cleared with 
xylene, mounted in neutral balsam and examined under a 
light microscope (Leica Application Suite version 4, Wetzlar, 
Germany). Slides were scored between 0 and 3+ on the basis 
of the proportion of NG2‑ or SOX2‑positive neoplastic cells  
(0, no staining; 1+, <25; 2+, 26 to 50; and 3+, >50%).

Statistical analysis. Statistical analysis was performed 
using SPSS software (version 19.0 for Windows; IBM Corp., 
Armonk, NY, USA). The association between age and tumor 
grade was analyzed using Student's t‑test and Fisher's exact 
test. The association between sex, NG2/SOX2 labeling index 
and tumor grade were examined using χ2 or Fisher's exact tests. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Clinicopathological features. Clinical characteristics of 
patients are presented in Table I. A total of 34 patients 
(21 males and 13 females) were included in the present study 
and the mean age was 31.1 years (range, 1‑63 years). All 
patients underwent surgical resection and all tumor grades 
were included in the cohort [CPP (n=25), ACPP (n=5) and CPC 
(n=4)]. Atypical morphology was observed only in high‑grade 
CPTs (Fig. 1). Tumor location was determined on the basis of 
radiographic studies and surgical results, and was distributed 
as follows: Lateral ventricle (n=14), third ventricle (n=1), fourth 
ventricle (n=5) and cerebellopontine angle (n=4). Notably, no 
association was identified between tumor grade and age or any 
other clinicopathological factor examined.

Overexpression of NG2 and SOX2 is associated with higher 
grade in CPT. Immunohistochemistry was performed to 
determine whether CPT cases expressed NG2 or SOX2 and, 
if so, whether expression was associated with the tumor 
grade. The results of the present study demonstrated that NG2 
and SOX2 were expressed in CPT. SOX2 and NG2 expres-
sion was identified in 34 and 33 cases, respectively (Figs. 2 
and 3, respectively). Staining for NG2 and SOX2 were scored 
for each slide. The mean labeling indices for CPP, ACPP and 
CPC were 1.12, 1.80 and 2.75, respectively, for NG2, and 1.20, 
2.00 and 3.00, respectively, for SOX2.

A score ≥2 for immunohistochemistry was considered to 
indicate increased expression. The distribution of cases with 
scores ≥2 for NG2 and SOX2 was as follows: CPP, 3/25 and 
4/25; ACPP, 4/5 and 4/5; and CPC, 4/4 and 4/4, respectively. 
Almost all the cases exhibiting decreased expression of NG2 
or SOX2 were CPP and a χ2 test was therefore used to identify 
the association between expression and tumor grade, in order to 
determine their utility as biomarkers in pathological diagnosis. 
Statistically significant associations were identified between 

Table I. Clinicopathological characteristics of 34 patients with 
choroid plexus tumors of various grades.

Characteristic All CPP ACPP CPC

No. of patients 34 25 5 4
Age, years
  Mean 31.1 30.5 32.5 28.8
  Range 1‑63 1‑63 2‑61 1‑53
Sex
  Male 21 15 4 2
  Female 13 10 1 2
Location of tumor
  Lateral ventricle 14 7 4 3
  Third ventricle 1 1 0 0
  Fourth ventricle 15 13 1 1
  Cerebellopontine angle 4 4 0 0

CPP, choroid plexus papilloma; ACPP, atypical choroid plexus  
papilloma; CPC, choroid plexus carcinoma.
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CPP and ACPP for NG2 and SOX2 (P=0.001 and 0.003, 
respectively) in addition to CPP and CPC (P<0.001). However, 
analysis for the comparison between ACPP and CPC cases were 
not statistically significant (P=0.343 for NG2 and SOX2). These 
results demonstrated that expression of NG2 and SOX2 were 
significantly associated with tumor grade and that increased 
expression may be used to distinguish between grades of CPP 
and ACPP and between CPP and CPC (Table II).

Discussion

Molecular markers serve an integral role in current cancer 
diagnosis, providing a basis for distinguishing between 
the clinical behavior of tumors that may otherwise appear 
pathologically similar. In the present study, the expression of 

progenitor and stem cell markers NG2 and SOX2 in distinct 
grades of CPTs were examined using immunohistochemical 
staining. The results of the present study revealed a statisti-
cally significant association between increased expression of 
NG2 and SOX2 and high-grade CPT. These results indicate 
that NG2 and SOX2 may refine the diagnosis and development 
of treatment strategies of affected patients.

To the best of our knowledge there are no previous 
studies investigating NG2 or SOX2 expression levels in 
CPTs but they have been previously associated with cancer 
development (15-22). Increased expression of NG2 has been 
demonstrated in a variety of head and neck cancers, glioma 
and pituitary cells (15-18). SOX2 overexpression or gene 
amplification has been associated with the development of 
lung, esophageal, breast and gastric cancers (19-22).

Figure 1. Pathological features of distinct World Health Organization graded choroid plexus tumors. Routine hematoxylin and eosin staining of tissue sections 
(3 µm) from choroid plexus tumors representing distinct World Health Organization grades. (A) Choroid plexus papilloma, (B) atypical choroid plexus  
papilloma and (C) choroid plexus carcinoma (magnification, x40). 

Figure 2. Increased expression of NG2 in higher‑grade choroid plexus tumors. Immunohistochemical staining of NG2 in tissue sections representing (A) choroid 
plexus papilloma, (B) atypical choroid plexus papilloma and (C) choroid plexus carcinoma (magnification, x40). 

Figure 3. Increased expression of SOX2 in higher‑grade choroid plexus tumors. Immunohistochemical staining of SOX2 in tissue sections repre-
senting (A) choroid plexus papilloma, (B) atypical choroid plexus papilloma and (C) choroid plexus carcinoma (magnification, x40). 
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NG2 expression is typically increased in the developing and 
adult central nervous system (CNS). It is a type‑I membrane 
protein expressed by diverse cell types within the CNS during 
development and differentiation. NG2 has been identified to 
be expressed during development in extraneural progenitor 
cell types, including mesenchymal stem cells, chondroblasts, 
osteoblasts, immature keratinocytes, muscle progenitors and 
melanocytes (23). Additionally, NG2 serves a role in cell 
viability and angiogenesis (24). NG2 deficiency during early 
development results in the loss of pericyte‑endothelium asso-
ciation and defective formation of basement membranes in 
blood vessels (25). NG2 has been postulated to function as a 
cell adhesion molecule, which was supported by the observa-
tion that the extracellular region between the transmembrane 
domain and the laminin G/neurexin/sex‑hormone‑binding 
globulin domains binds to integrins and collagen V and 
VI (26). Previous studies have revealed a more defined role for 
NG2 in brain homeostasis including intracellular functions in 
oligodendrocyte progenitor cells, which modulate migration, 
gene expression and α‑amino‑3‑hydroxy‑5‑methyl‑4‑isoxazol
epropionic acid receptor clustering (15,24,27).

SOX2 is classified in the SoxB1 family due to the simi-
larity of the amino acid sequence of the high‑mobility group 
box domain (28,29). SOX2 is a transcription factor that serves 
a primary role in maintaining stem cells in adult tissues, 
including the CNS. During development of the peripheral 
nervous system, SOX2 is expressed in neural crest stem cells 
and regulates differentiation into dorsal root ganglion neurons. 
In addition, SOX2 is expressed in immature Schwann cells 
and inhibits myelination (30) and is re‑expressed in undif-
ferentiated myelinating Schwann cells following nerve injury 
and regulates their sorting. Finally, it is one of the transcrip-
tion factors initially used to generate induced pluripotent stem 

cells from fibroblast cells (31). Thus, NG2 and SOX2 function 
in the maintenance of progenitor and stem cells, which may 
contribute to the development of cancer.

NG2 and SOX2 exhibit increased expression in higher-grade 
CPTs. Although additional studies are required to elucidate 
the functional roles of NG2 and SOX2 in the development of 
CPTs, the results of the present study demonstrate that expres-
sion levels of these proteins may be helpful for determining 
tumor grade in histologically controversial cases. In addition, 
NG2 and SOX2 may assist in identifying cases where aggres-
sive or novel treatment may be necessary for improved patient 
outcomes.
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