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Background: The present diagnosis of teratomas is 
limited to visual examination of their tissues. For the sake 
of treatment, teratomas are graded according to degrees 
of nerve tissue maturation. Mature fetal nerve tissue 
contains the astrocyte-specific intermediate filament 
protein, the glial fibrillary acidic protein (GFAP). This 
study aimed to investigate GFAP expressions in the nerve 
tissue of immature and mature teratomas, and to evaluate 
if GFAP is indicative of teratoma maturation in pediatric 
patients.

Methods: Nerve tissue specimens were collected 
from immature (10 children) and mature teratomas (45 
children). Nerve tissue specimens as a control group 
were taken from 33 children with neuroblastoma. 
GFAP expression of the specimens was studied by 
immunohistochemical and semi-quantitative analyses.

Results: GFAP expression was low in the nerve tissue 
of immature teratomas and high in that of mature ones. 
A semi-quantitative analysis confirmed statistically 
significant difference between the GFAP expressions of 
immature and mature teratomas (P=0.0001).

Conclusion: GFAP is highly expressed in the nerve 
tissue of mature teratomas and low in that of immature 
ones, suggesting that the GFAP expression is a meaningful 
indicator of teratoma maturation. It is helpful for 
pathologists to diagnose and classify teratomas.
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Introduction

Teratomas are neoplasms composed of tissue 
elements foreign to the organ or anatomic site 
of origin. In children, these tumors are notable 

for their diverse anatomic locations and biological 
characteristics. To date, the pathological diagnosis of 
terotomas has been limited to the presence of tissue 
or organ components resembling normal derivatives 
of all three germ layers. The classification system of 
teratomas that is currently in use and based on the 
degree of maturation of the nerve tissue in teratomas 
has proven to be greatly relevant to the clinical outcome 
for pediatric patients.[1-3]

Mature nerve tissue in fetuses contains an astrocyte-
specific intermediate filament (IF) protein, the glial 
fibrillary acidic protein (GFAP).[4] Thus the present 
study was undertaken to investigate whether and to 
what extent GFAP is expressed in the nerve tissue of 
immature or mature teratomas and to evaluate whether 
the GFAP expression can be an indicator of teratoma 
maturation in pediatric patients.

Methods
Nerve tissue specimens of teratomas were collected 
f r o m  5 5  c h i l d r e n  w h o  h a d  b e e n  d i a g n o s e d 
pathologically at the Shanghai Xinhua Hospital and 
the Shanghai Children's Medical Center, including 10 
immature and 45 mature teratomas. The children aged 
from 2 days to 12.5 years had received either primary 
or secondary resection for teratomas. The tumors 
were located at the sacrococcygeal area (23 children), 
peritoneal area (18), ovary (7), testicule (7), and 
mediastinal area (5). They had been treated between 
January 2000 and December 2006. GFAP expression 
was compared in the nerve tissue specimens by 
immunohistochemical and semi-quantitative methods.

Because neuroblastomas with immature nerve tissue 
types are occasionally seen in immature teratomas, 
nerve tissue specimens of neuroblastomas from 33 
children who had been treated at the Xinhua Hospital 
and Shanghai Children's Medical Center served as a 
control group.
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Tissue microarray (TMA)[5]

Briefly, the hematoxylin-eosin (HE) slides for the 
initial diagnosis were re-examined by an experienced 
pathologist. Two morphologically representative fields 
of nerve tissue were chosen and encircled with a marker 
pen. Subsequently, two cores from each case were 
punched out from the donor blocks. Starting from the 
selected regions, the corresponding HE slides were 
overlaid with a custom-built Becton-Dickinson Precision 
Glide® hypodermic needle (2 mm in diameter). The cores 
were then attached by double-sided adhesive tape to a 
computer-generated paper grid facilitating alignment on 
the block mould, which was filled with liquid paraffin. 
4 μm thick sections were obtained using an American 
optical standard rotator microtome. Each block provided 
40-50 slides, which were stored in sections at 58ºC 
overnight. Only samples showing the original lesion 
were considered. The design of each block was detailed 
in a TMA map (spreadsheet), indicating the position and 
identifi cation of each core. Normal tissue (placenta) and 
position-specifi c blank cores were adopted for orientation 
during microscopic analysis.

Immunohistochemical (IHC) analysis
IHC reactions were performed on TMA silane-coated 
slides (Sigma, St. Louis, MO, USA), dried overnight 
at 37ºC and then dewaxed, rehydrated and treated in 
3% hydrogen peroxide for 10 minutes to eliminate 
endogenous peroxidase activity. For immunolabeling, 
we used an LSAB kit with HRP (Dakocytomation, 
Carpinteria, CA, USA) in accordance with the 
manufacturer's instructions. Tissue sections were 
incubated sequentially for 1 hour at room temperature 
with the specific antibodies (1/1000) of mouse anti-
GFAP monoclonal antibody, clone GF-01 (1/50) 
(Abcam, USA) to stain cytoplasm. A secondary 
biotinylated multilink antibody was incubated for 
30 minutes using a streptavidin-HRP conjugate, and 
the signal was visualized with 3.3 diaminobenzidine 
(Sigma Chemical Co., St. Louis, MO, USA) and 85 μL 
of 0.3% hydrogen peroxide. Hematoxylin was used for 
counterstaining. The omission of the primary antibody, 
which eliminated the signal in each case, served as an 
additional control.

Assessment of IHC slides and cell counting
The slides were analyzed microscopically by two 
independent investigators. Cells showing a positive 
staining of cytoplasm which were clear and free from 
any background color were counted. The following 
counting criteria were applied: positive cells <5% as 
(-), positive cells ≥5% but <25% as (+), positive cells 
≥25% but <50% as (++), positive cells ≥50% but <75% 

as (+++), positive cells ≥75% as (++++).

Statistical analysis
Data analysis was made using an SAS system (SAS 
version 6.1, Cary, North Carolina, USA). Non-
parametric tests were performed for comparison. The 
Wilcoxon rank sum test was used to compare the mean 
of cells of the positive cytoplasm staining between 
immature and mature teratomas. P<0.05 was considered 
statistically signifi cant.

Results
A low level of GFAP expression was found in immature 
teratomas (n=10), 0 to + (an average of 0.6+), and a 
significantly higher expression in mature teratomas 
(n=45), 2+ to 4+ (an average of 2.58+). The comparison 
between the two groups demonstrated a significant 
difference (P=0.0001) (Figs. 1 and 2). In the control 
group, the GFAP expression was negative (Fig. 3).

Fig. 1. The expression of glial fibrillary acidic protein in a mature 
teratoma shown by immunohistochemical staining (++++). The 
positive cells were stained brown (arrow, cytoplasm) (original 
magnifi cation × 400).

Fig. 2. The expression of glial fi brillary acidic protein in an immature 
teratoma. The positive cells were stained brown (arrow, cytoplasm) 
with a degree of + (original magnifi cation × 400).
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Discussion
Immature teratoma is defined as a tumor containing 
immature embryo components, usually immature 
primitive neuroectodermal tissue.[1,3] Based on the 
number of immature components, immature teratomas 
are graded I-III. Thus immature nerve tissue plays a 
significant role in this grading system. Pathologists 
often consider grade I immature teratoma a tumor 
that lies in between benign and malignant. A grade II 
immature teratoma, on the other hand, is considered 
a malignant tumor in adults, and a grade III immature 
teratoma as a high-stage cancer.[6]

In children, however, the clinical and biological 
characteristics of immature teratoma have not yet been 
clearly clarified, and there are controversies over the 
treatment of the tumor. Traditionally, immature teratoma 
in children is considered an advanced carcinoma,[7] but 
some researchers consider all immature teratomas in 
children as benign because even grade III immature 
teratomas have a good prognosis after a complete 
resection.[8] In our practice, children who had immature 
teratomas completely resected were not subjected to 
chemotherapy in order to reduce side effects. 

A study on Chinese adult patients with immature 
teratomas who were not subjected to chemotherapy 
reported that the survival rates of grade I-III patients 
were 82%, 63% and 30% respectively,[9] suggesting that 
chemotherapy for adult patients depends on the severity 
of the tumor. However, a study by the Children's Cancer 
Study Group from UK reported that simple surgery is 
suitable for any grade of immature teratoma, and that 
only the relapse cases need chemotherapy.[10]

The treatment and prognosis of immature teratomas 
are still controversial.[11] It is necessary to find a new 
diagnostic method, such as a new IHC marker. Thus the 
new diagnostic method for investigating and measuring 
GFAP expression proposed in this study is to unify the 

diagnosis and treatment of teratomas. 
It has already been shown that the nervous tissue 

of mature and immature teratomas plays an important 
role in the diagnosis and classification of teratomas. 
Since GFAP has been found to be a constituent of fetal 
neuroectodermal tissue, we examined and compared 
the GFAP expression in nerve tissue specimens taken 
from pediatric patients by immunohistochemical and 
semi-quantitative analyses to find a potential basis for 
classifi cation of mature and immature teratomas. GFAP 
is an intermediate filament protein and an astrocytoma-
specific protein that expresses with the development of 
astrocytes in the fetal nerve tissue. GFAP is considered the 
best specifi c tumor marker of astrocytoma and astrocytic 
tumors. A strong expression of GFAP often suggests that 
tumor cells are mature, and well differentiated, indicating 
a more precise prognosis.[12]

In the present study, the GFAP expression was low 
in the nerve tissue of immature teratomas, and high 
in mature teratomas. This finding suggests that there 
are normal, well-differentiated astrocytes in the nerve 
tissue of the mature teratomas.[13] It also suggests that 
immature nerve tissue exists in immature teratomas. 
Therefore, nerve tissue is one of the main factors 
affecting the prognosis of immature teratomas. When 
the recurrence of teratomas was caused by seeding 
or metastasis with a very low expression of GFAP, 
the specimens obtained by re-operation were still 
found with negative staining of GFAP in the neural 
tissue, which was confirmed in this study. The nerve 
tissue in immature teratoma is made up of the original 
neural tube and its surrounding immature nerve 
tissue. Its immaturity was increasingly demonstrated 
in the process of improving the classification system 
(grades I-III).[14] Our study confirmed that there was 
a high expression of GFAP in the mature nerve tissue 
of mature teratomas, and a low or negative GFAP 
staining in the immature nerve tissue of immature 
teratomas. The GFAP expression in the control 
group was negative, suggesting that the nerve tissue 
of neuroblastoma was far from mature, and was 
potentially able to differentiate into mature neural 
epithelial cells.

In conclusion, our results suggest that GFAP is 
an indicator gauging the maturation of teratomas. 
Since the expression of GFAP can be determined 
by laboratory analysis, the GFAP expression is 
helpful for pathologists to diagnose and classify 
teratomas. In other words, the high expression level 
of GFAP indicates mature teratomas that require only 
a complete resection, whereas teratomas with the 
negative expression of GFAP might require additional 
chemotherapy to reduce the seeding, metastasis or 
recurrence of the tumor.

Fig. 3. Immunohistochemical analysis: negative expression of the glial 
fi brillary acidic protein  in the control group (original magnifi cation × 
400).
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