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Abstract: Schwannoma is a common, almost always benign tumor developed from Schwann cells, and can usually 
be removed by surgery. However, in a minority of patients, schwannoma can reappear at the same location for rea-
sons not completely understood. Furthermore, schwannoma can undergo malignant transformation in a rare sub-
set of patients, which is aggressive, rapidly growing and life threatening. To examine the underlying mechanism in 
schwannoma regrowth and malignant transformation, we examined the intratumor environment in primary and re-
current schwannomas of both benign and malignant types. We found that compared to the noncancerous, primary 
tumor, the recurrent schwannoma tumor after the removal of the first expressed significantly higher levels of IL-10. 
Moreover, the IL-10 level was further upregulated in malignant schwannomas. Malignant tumors also presented an 
infiltration of macrophages and T cells, which were not observed in benign tumors. Together, we discovered a previ-
ously unknown feature of recurrent and malignant schwannomas.
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Introduction

Schwannoma is a common, usually benign 
tumor developed from Schwann cells, and 
makes up about eight percent of all central ner-
vous system tumors [1, 2]. Schwannomas are 
almost always noncancerous, and can usually 
be removed by surgery. However, in a minority 
of patients, schwannoma can reappear at the 
same location after surgery, for reasons not 
completely understood [3]. It is generally 
thought that the recurrent tumor might have 
resulted from incomplete surgical removal, but 
inexplicably, the recurring schwannoma is more 
difficult to treat by chemotherapy and radio-
therapy than the original one [4-6]. In addition, 
in a rare subset of patients, schwannoma is 
presented as an aggressive, rapidly growing 
malignant form of tumor, also called malignant 
peripheral nerve sheath tumors, with a 5-year 
survival rate of between 39-85% [7-10]. Several 
risk factors, including the connection with the 
familial condition neurofibromatosis type 1 
(NF1) and the use of gamma knife radiosurger-
ies, were associated with the malignant trans-
formation of schwannomas [11, 12], but the 

lack of understanding of the precise underlying 
mechanisms prevents the development of bet-
ter prognosis and treatment options.

The molecular and cellular participants in the 
intratumoral environment exert important 
tumorigenesis, inflammatory and/or immuno-
regulatory functions, which determines the dis-
ease outcome by promoting or limiting tumor 
growth [13]. The tumor microenvironment is 
generally considered inhibitory to immune acti-
vation due to multiple inhibitory mechanisms, 
such as antigen presentation by immunoregula-
tory IL-10highIL-12low-tumor-associated macro-
phages, defective dendritic cell function, inhibi-
tion of CD8+ T cells by myeloid-derived sup- 
pressor cells, inhibition of immune cell prolifer-
ation by nutrient depletion and hypoxia [13, 14]. 
The tumor microenvironment in schwannoma 
has not been examined, but given its crucial 
role in other tumors, we hypothesized that 
potential differences in the intratumor environ-
ment may contribute to the increased difficulty 
in treating recurrent schwannomas and the 
transformation toward malignancy.
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Among all factors that could potentially affect 
the intratumoral environment, we focused on 
interleukin-10 (IL-10) because of it mediates a 
wide range of immunoregulatory functions, 
including mediation of microbial tolerance in 
the digestive tract [15], counteraction of allergy 
[16], inhibition of proinflammatory cytokine (su- 
ch as IFN-gamma, IL-2, TNF-alpha, and GM-CSF) 
production [17, 18], downregulation of adaptive 
T cell activation by downregulation of antigen 
presentation in dendritic cells and macro-
phages [19, 20], as well as mediating poten-
tially proinflammatory B cell maturation and 
antibody production [21]. Furthermore, IL-10 
overexpression is one of the hallmarks of tu- 
mor-associated macrophages [22, 23], which 
stimulate angiogenesis, enhance tumor cell in- 
vasion, motility and intravasasion, prevent tu- 
mor cell elimination by natural killer cells and T 
cells [24], and are correlated with poor progno-
sis [25]. The role of IL-10 in schwannoma is yet 
unclear.

In this study, we examined the intratumor envi-
ronment in original and recurrent schwanno-
mas of both benign and malignant types. We 
found that compared to the noncancerous, 
original tumor, the recurrent schwannoma 
tumor after the removal of the first expressed 
significantly higher levels of IL-10. Moreover, 
the IL-10 level was further upregulated in malig-
nant schwannomas. Malignant tumors also 
presented an infiltration of macrophages and T 
cells, which were not observed in benign 
tumors. Together, we discovered a previously 
unknown feature of recurrent and malignant 
schwannomas.

Materials and methods

Patient information

Thirty one schwannoma patients were recruit-
ed The Third Affiliated Hospital of Hebei Medical 
University. Twenty two patients were initially 
diagnosed with benign schwannoma, which 
were removed by surgery. Eight patients had 
later developed recurrent benign schwannoma 
at the same site and 2 patients had recurrent 
malignant schwannoma. One patient present-
ed malignant first-time schwannoma. Benign 
and malignant schwannomas were determined 
by microscopic examination. Benign features 
included mild nuclear pleomorphism and 
absence of mitoses or necrosis, while malig-
nant features included highly pleomorphic spin-
dle cells with bizarre nuclei, scattered giant cell 
forms, and areas of necrosis and mitosis, 

according to previously established standards 
[7, 26]. The study procedures were approved by 
the ethics board of The Third Affiliated Hospital 
of Hebei Medical University, and written in- 
formed consent was received from every 
patient.

Sample collection

Schwannoma tumors were surgically removed 
by experienced surgeons. All tumors were 
homogenized into single cell suspensions by 
adopting previously published protocols [27, 
28]. Briefly, freshly resected tumor tissues were 
pre-washed with PBS, cut into 2 mm cubes and 
digested with 0.3 mg/mL collagenase (Wor- 
thington Biochemical) for 1 h at 37°C with 
shaking. The suspension was filtered through a 
70 µm cell strainer (Corning) and was centri-
fuged. The top supernatant was collected for 
extracellular IL-10 measurement, while the 
cells were resuspended in PBS plus 1% BSA for 
intracellular IL-10 mRNA analysis.

IL-10 ELISA

Extracellular IL-10 was measured by Human 
IL-10 Quantikine ELISA kit (R&D Systems) fol-
lowing manufacturer’s instructions. Sensitivity 
was 3.9 pg/mL while the assay range was 7.8-
500 pg/mL. Measurements below sensitivity 
was assigned zero.

mRNA isolation and quantitative real-time 
RT-PCR

Intracellular IL-10 mRNA quantification was 
done by adapting a protocol for human lung 
cancers [28]. Total RNA from resuspended 
schwannoma cells were isolated by using 
RNeasy mini Kit (Qiagen) following manufactur-
er’s instructions. mRNA reverse transcription 
was done using M-MLV reverse transcriptase 
(Promega). QRT-PCR was done using SYBR 
Green PCR Master Mix (Applied Biosystems). 
IL-10 copy numbers were normalized against 
beta-actin. The following primer sets were 
used: forward 5’ AGAACCTGAAGACCCTCAGGC 
3’ and reverse 5’ CCACGGCCTTGCTCTTGTT 3’ 
for IL-10, and forward 5’ ACCACACCTTCTACAA- 
TGA 3’ and reverse 5’ GTCATCTTCTCGCGGTTG 
3’ for beta-actin. The amplification included a 
10-min 95°C initial denaturation, 40 cycles of 
15-second 95°C denaturation and 1-min 60°C 
C annealing and extension, a 10-min 60°C final 
extension, and a 4°C cooling step. Triplicates 
for each sample were performed. IL-10 mRNA 
was normalized relative to beta-actin mRNA.
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Flow cytometry

Anti-human CD68 and CD3 monoclonal anti-
bodies were used to identify macrophages and 
T cells, respectively. Schwannoma cells from 
homogenized suspensions were incubated  
with 3 µg/mL antibodies for 20 min in 4°C. 
Cells were then washed twice and fixed in 2%  
formaldehyde for flow cytometry. Samples were 

acquired in a FACSCalibur cell sorter (BD) and 
analyzed in FlowJo (TreeStar).

Statistical analysis

All analyses were performed using Prism 6.0 
(GraphPad Software). Two-tailed P value less 
than 0.05 was considered statistically signi- 
ficant.

Figure 1. Extracellular concentration of IL-10 in various schwannoma subtypes. Freshly resected tumor were 
weighed, homogenized and centrifuged to separate cells from buffer. The extracellular IL-10 concentration in the su-
pernatant was measured by ELISA. A. The extracellular IL-10 concentration in the original benign, recurrent benign 
and malignant tumors, normalized by the weight of the tumor resection. Kruskal Wallis one-way ANOVA followed 
by Dunn’s multiple comparison test. **: P < 0.01. *: P < 0.05. B. The extracellular IL-10 concentration in patients 
with both original and recurrent tumors. Wilcoxon matched-pairs test. C. The extracellular IL-10 concentration in 
the original tumor in patients without recurrence, compared to that in patients with recurrence. Mann-Whitney test.
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Results

Extracellular IL-10 concentration is elevated in 
recurrent and malignant schwannomas

We first examined the extracellular IL-10 con-
centration directly ex vivo. The supernatant 

from homogenized single cell suspensions from 
freshly resected schwannoma tumor was col-
lected and IL-10 enzyme-linked immunosorbent 
assay (ELISA) was performed. For normaliza-
tion across tumors with different sizes, data 
were expressed as the concentration of IL-10 

Figure 2. Intracellular IL-10 mRNA level in various schwannoma subtypes. IL-10 mRNA from lysed cells was mea-
sured by quantitative real-time PCR and was normalized against beta-actin mRNA. A. The intracellular IL-10 mRNA 
level in the original benign, recurrent benign and malignant tumors, normalized by the weight of the tumor resection. 
Kruskal Wallis one-way ANOVA followed by Dunn’s multiple comparison test. **: P < 0.01. B. The intracellular IL-10 
mRNA level in patients with both original and recurrent tumors. Wilcoxon matched-pairs test. C. The intracellular 
IL-10 mRNA level in the original tumor in patients without recurrence, compared to that in patients with recurrence. 
Mann-Whitney test.



IL-10 and schwannoma

7306 Int J Clin Exp Pathol 2016;9(7):7302-7309

per gram of tumor. We found that the original 
benign tumor contained significantly less IL-10 
than the recurrent benign tumor or the malig-
nant tumor (Figure 1A). For the eight patients 
who had a recurrence after first surgical resec-
tion, we compared their extracellular IL-10 in 

the original tumor and the recurrent tumor. All 
eight subjects had upregulated extracellular 
IL-10 in the recurrent tumor, although the 
degree of upregulation was highly variable 
(Figure 1B). We also examined the association 
between extracellular IL-10 concentration and 

Figure 3. Presence of macrophages and T cells in benign and malignant schwannomas. Cells were stained with anti-
human CD68 and CD3 and analyzed by flow cytometry. A. Staining pattern of CD68 and CD3 in one representative 
original benign and one representative malignant tumors. B. The frequencies of CD68+ macrophages in original 
benign and malignant tumors. C. The frequencies of CD3+ T cells in original benign and malignant tumors. Mann-
Whitney test.
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the risk of recurrence, and found that patients 
with recurring schwannoma had significantly 
higher extracellular IL-10 in the original tumor, 
than patients who did not have recurrence. 
Overall, these data demonstrated that extracel-
lular IL-10 concentration in schwannoma is cor-
related with disease severity and recurrence.

Cells in recurrent and malignant schwannoma 
expressed significantly higher IL-10

To examine the cellular expression in schwan-
noma tumor, we examined IL-10 mRNA levels by 
quantitative real-time PCR. We found that the 
IL-10 mRNA level in malignant schwannomas 
was significantly increased compared to that in 
the original benign tumor (Figure 2A). In the 
eight subjects with recurrence, the IL-10 mRNA 
level was significantly upregulated in the recur-
rent tumor (Figure 2B), but no difference was 
observed between patients with or without 
recurrence, in terms of the IL-10 mRNA level in 
the original tumor (Figure 2C). Together, these 
data demonstrated an upregulation of IL-10-
production by cells in malignant schwannoma.

CD68+ macrophages and CD3+ T cells were 
observed in malignant schwannoma but not 
benign schwannoma

IL-10 is primarily expressed by innate and adap-
tive immune cells, such as macrophages, den-
dritic cells, mast cells, natural killer cells, eosin-
ophils, neutrophils, T cells and B cells [29]. 
Presence of intracellular IL-10 suggests infiltra-
tion of immune cells. Therefore, we examined 
the presence of macrophages and T cells, two 
common tumor-infiltrating cell types with poten-
tial roles in angiogenesis and anti-tumor immu-
nity (Figure 3A). We found that little to none 
CD68+ macrophages and CD3+ T cells were 
found in benign schwannoma, but in striking 
contrast, macrophages and T cells were both 
present in all three malignant schwannoma 
patients examined (Figure 3B). These data sug-
gest that macrophages and T cells could infil-
trate malignant schwannoma and potentially 
play a role in disease pathogenesis and 
progression.

Discussion

Malignant transformation of schwannoma is a 
rare but life-threatening condition, with only a 
few studies available and most of which are 

case reports. As a result, we have very limited 
understanding in its etiology and progression. 
Currently, it is generally thought that schwan-
noma recurrence after removal of the original 
tumor was due to incomplete first resection, 
which leads to regrowth at the original site. The 
use of gamma knife radiosurgery at the first 
resection and the presence of NF1 are associ-
ated malignant transformation [5, 8, 11]. 
Prognosis was also correlated with other gen-
eral tumor characteristics, such as tumor 
grade, location, and degree of differentiation 
[8, 9, 30]. These prognostic associations and 
risk factors offer only limited power of predic-
tion and incomplete insight into the underlying 
mechanism, and do not explain the differences 
in the responsiveness toward various treat-
ments, in original and recurrent tumor, as well 
as in malignant tumors. To solve this problem, 
we obtained original and recurrent schwanno-
ma resections of both benign and malignant 
types. The critical role of tumor microenviron-
ment in modulating tumor growth and anti-
tumor immunity is well established. Proin- 
flammatory mechanisms, such as infiltration of 
cytotoxic T cells, improved tumor antigen pre-
sentation, and presence of proinflammatory 
cytokines, were associated with better progno-
sis and higher 5-year survival rate, while anti-
inflammatory mechanisms, including the pres-
ence of inhibitory tumor-associated macro- 
phages, regulatory T cells, and other suppres-
sor cells, secretion of inhibitory cytokines, and 
downregulated MHC class I molecule and cos- 
timulatory molecules, were associated with 
poor prognosis [14]. We therefore examined 
the inflammatory status of schwannoma tumor 
microenvironment by focusing on IL-10, an 
inhibitory cytokine known to suppress anti-
tumor immunity [31]. We showed that IL-10 con-
centration in schwannoma is correlated with 
disease severity and might act as a risk factor 
for recurrence and malignant transformation. 
We showed by extracellular supernatant ELISA 
and intracellular mRNA that IL-10 was more 
abundant in recurrent benign and malignant 
tumors compared to the original benign tumor, 
demonstrating an association with disease 
severity. Surprisingly, patients with recurrence 
showed higher levels of extracellular IL-10 con-
centration in the original tumor, which suggest 
that besides incomplete resection, tumor recur-
rence was also associated with the inflamma-
tory status of the patient, a feature shared with 
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other tumors and cancers [32, 33]. Together, 
our study revealed a previously unknown mech-
anism in schwannoma regulation.

We also observed that both extracellular and 
intracellular IL-10 could be found in schwanno-
ma at varying amounts. The source of extracel-
lular IL-10 could come from circulation or be 
produced endogenously, by infiltrating immune 
cells, and interestingly, we indeed found a pres-
ence of CD68+ tumor-associated macrophages 
and CD3+ infiltrating T cells, almost exclusively 
in malignant tumor. The precise roles of immune 
cell infiltration in schwannoma development 
are currently unknown, but their presence sug-
gests an involvement that needs to be further 
studied. In the future, histological staining, as 
well as flow cytometry analysis, will be per-
formed to examine the localization, surface 
marker expression and cytokine production of 
these macrophages and T cells.
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