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Abstract. Due to progress in the research of glioma stem cells 
and the glioma niche, development of an animal model that 
facilitates the elucidation of the roles of the host tissue and 
cells is necessary. The aim of the present study was to develop a 
subcutaneous xenograft green fluorescent protein nude mouse 
model and use this model to analyze the roles of host cells in 
tumor necrosis repair. Tumors derived from the human glioma 
stem/progenitor cell line SU3 were subcutaneously implanted 
in green fluorescent protein nude mice. The implanted tumors 
were then passed from animal to animal for 10 generations. 
Finally, subcutaneous xenografts were assayed with traditional 
pathology, immunopathological techniques and fluorescence 
photography. For each generation, the tumorigenicity rate was 
100%. Subcutaneous xenografts were rich in blood vessels, 
and necrotic and hemorrhagic foci, which highly expressed 
hypoxia-inducible factor-1α, tumor necrosis factor, Ki-67, 
CD68 and CD11b. In the interstitial tissue, particularly in 
old hemorrhagic foci, there were numerous cells expressing 
green fluorescent protein, CD68 and CD11b. Green fluorescent 
protein nude mouse subcutaneous xenografts not only consis-
tently maintained the high invasiveness and tumorigenicity 

of glioma stem/progenitor cells, but also consisted of a high 
concentration of tumor blood vessels and necrotic and hemor-
rhagic foci. Subcutaneous xenografts also expressed high 
levels of tumor microenvironment-related proteins and host-
derived tumor interstitial molecules. The model has significant 
potential for further research on tumor tissue remodeling and 
the tumor microenvironment.

Introduction

The most common type of brain tumor in adults is glioma, 
which is extraordinarily lethal and is associated with extremely 
low survival rates (1,2). For most malignant forms of glioma, 
the median overall survival is only 12-15 months (2). The most 
common as well as the most aggressive type of glioma is glio-
blastoma multiforme (1). Glioblastoma multiforme consists of 
heterogeneous types of cells which demonstrate a variety of 
tumorigenic properties (1).

Gliomas arise from neural stem cells and progenitors (1). 
These neural stem cells are a subtype of astrocytes and are 
located in the two main regions of the brain where neurogen-
esis takes place: the subventricular region and the subgranular 
zone of hippocampal formation (2,3).

After cancer cells begin to propagate, they construct their 
own microenvironment or niche (1). In this niche there is 
‘crosstalk’ between the tumor and the host so that the niche 
and its surroundings constantly interact (1,4).

One condition that promotes tumor growth is hypoxia (5). 
Rapid growth of a tumor that outpaces neovascularization 
results in a hypoxic niche (1). Hypoxia-inducible factor 1 
(HIF-1) is an important regulator of cellular responses to 
hypoxia (5). HIF-1 promotes glioma growth, mainly by 
activating angiogenesis and by upregulating relevant target 
genes (5).

Animal models are critical for investigating malignant 
tumors. The orthotopic xenograft mouse model of glioblastoma 
has been particularly valuable for analyzing the characteristics 
of donor human tumor cells, but studies concerning the role 
of host tissue and cells are sparse (6). Due to the progress 
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achieved in the research of cancer stem cells and the tumor 
microenvironment (7), it has become obviously necessary to 
have a comprehensive understanding of the role of host-derived 
tissues and cells in tumor development. In recent years, green 
fluorescent protein (GFP) nude mice have been widely adopted 
for human cancer xenograft models with the main focus on the 
tracing of tumor cells in the xenografts (8,9). The aims of the 
present study were to develop a subcutaneous xenograft GFP 
nude mouse model by injection of human glioma stem/progen-
itor cell line SU3, and investigating the potential roles of host 
cells in the repair of necrosis in xenografts. We successfully 
established a model that facilitates the observation of how host 
cells participate in the repair of tumor necrosis.

Materials and methods

Materials. The human glioma stem/progenitor cell line SU3 
was established according to previously published methods 
from a surgical specimen of an adult male patient diagnosed 
with glioblastoma multiforme (10). In the present study, the 
human glioma stem/progenitor cell line SU3 was successfully 
obtained from fresh surgical specimens of GBM patients. 
These patients underwent surgery at the Neurosurgical 
Department, Second Affiliated Hospital of Suzhou University. 
The present study was approved by the Medical Review Board 
of the Suzhou University Medical School. The patients or their 
legal guardians provided informed consent for the use of their 
surgical specimen in research prior to sample acquisition. 
GFP nude NC-C57BL/6J mice were bred and maintained in 
a specific pathogen-free animal care facility. Animal experi-
ments were approved by the Medical Review Board of Suzhou 
University Medical School, and all procedures were conducted 
in accordance with Chinese laws governing animal care. The 
trocars, namely #8 anesthesia epidural puncture needles 
(Zhejiang Haisheng Medical Instrument Co., Ltd., Hangzhou, 
China) were selected for the passage of tumor tissue in vivo. A 
fluorescence flashlight and fluorescence glasses were provided 
by NightSea Co. (http://www.nightsea.com/fplights.htm). The 
frozen sections of the xenografts were observed by fluores-
cence microcopy (Carl Zeiss Axio Observer A1; Thornwood, 
New York, USA). Immunohistochemical antibodies against 
TNF-1α (ab1793), HIF-1α (ab8366), Ki-67 (ab92742), CD68 
(ab53444) and CD11b (ab64347) were purchased from Abcam 
(Cambridge, UK).

Tumor xenograft model. The human glioma stem/progenitor 
cell line SU3 was successfully obtained from fresh surgical 
specimens of GBM patients. SU3 cells were cultured in 
Dulbecco's modified Eagle's medium (DMEM) with 10% 
fetal bovine serum (FBS) and incubated at 37˚C in 98% 
humidified air containing 5% CO2. The SU3 cells in loga-
rithmic growth phase in vitro were digested into a single-cell 
suspension liquid, and the final cell density was adjusted to 
1x105/ml. A cell suspension, 150 µl per mouse, was slowly 
and smoothly injected subcutaneously into the right forelimb 
axilla of the GFP nude mice. The implanted tumor tissue 
was dissected free of blood clots, washed and minced into 
0.5-mm slices for tumor tissue grafting. For the tumor tissue 
transplantation, we designed a simple but novel injection 
system, which included a 24# trocar and a specially designed 

propeller (1). The tumor tissue, 1 mm3 per mouse, was slowly 
and smoothly injected into the right forelimb axilla of the 
GFP nude mice. The animal model established through 
tumor tissue injection was regarded as the first generation 
in the present study. The implanted tumors were passed 
from animal to animal following the same procedure for 10 
generations, which was the point at which model stability 
was established. The short diameter (a) and long diameter 
(b) of the xenografts were measured with calipers every 
3 days, and the tumor volume was calculated according to 
the equation: V (mm3) = a2 x b/2. When cachexia occurred, 
the tumor-bearing mice were sacrificed for tumor removal 
and examination.

Molecular pathology and GFP expression of the tumors. We 
performed immunohistochemical staining to examine the 
expression of tumor necrosis factor (TNF) (1:50), hypoxia-
inducible factor 1α (HIF-1α) (1:200), Ki-67 (1:1,000), CD68 
(1:200) and CD11b (1:400) in the xenografts (1). The tumor-
bearing mice and the subcutaneous xenografts were examined 
with a fluorescence flashlight and fluorescence glasses. Cells 
expressing GFP in the tumor tissue were examined using 5-µm 
frozen sections by fluorescence microscopy at a wavelength of 
470 nm.

Results

General characteristics of the xenografts. In the primary 
xenograft models (SU3 cell suspension injection), although 
the tumorigenicity rate was 100% (5/5), there existed obvious 
individual differences in incubation period and tumor volume. 
In conjunction with the tumor passage through tumor tissue 
injection, these differences gradually narrowed, and the 
animal model became reliable beginning with the 7th genera-
tion. Subcutaneous seeded tumors can grow quite large; the 
xenograft volume of the 9th generation, one month after 
inoculation, was ~9.96±4.19 cm3 (n=10) in average and the 
implanted tumors continued to grow for more than 2 months. 
When all the tumor-bearing mice were sacrificed in the late 
stage (approximately 2 months after tumor inoculation), the 
tumor weight reached almost one half of the body weight of 
the mice, namely, 11.23±3.72 g (n=10).

Under a fluorescence flashlight, the tumor-bearing mice 
and the xenografts appeared green in color (Fig. 1A and B). 
Viewed with the naked eye under natural light, there was 
enlargement of the xenografts, and cutaneous vessels of the skin 
covering tumors were gradually increased in size, meeting the 
demand of the blood supply required by the rapidly growing 
tumor tissue (Fig. 1C and D). In the middle stage of xenograft 
growth, ischemic necrosis, even to the extent of ulceration, 
was observed in the local skin, possibly indicating the insuf-
ficiency of the blood supply to the implanted tumors (Fig. 1E); 
there was still fresh tissue in the tumor base (Fig. 1F).

Histopathologic characteristics of the xenografts. In the 
xenograft tumor sections stained with hematoxylin and eosin 
(H&E), hyperchromatic nuclei, relatively less cytoplasm, 
heteromorphic nuclei and regional densely arranged tumor 
cells were observed (Fig. 2). Necrotizing hemorrhage was 
frequently observed in the xenograft sections and was divided 
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into fresh hemorrhage and old hemorrhage (Fig. 2A). In the 
fresh hemorrhagic foci, a large number of collapsing red 
blood cells could still be observed. In the old hemorrhagic 
areas, two scenes were observed: i) red blood cells disap-
peared while some inflammatory cells were observed; and ii) 
there were no inflammatory cells, however, tumor cells with 
relatively few mesenchymal components were noted growing 
around the vessels. Generally, the xenograft tumors were rich 
in blood vessels, but a vast majority of new blood vessels 

lacked complete vascular structure. Only a few large vessels 
possessed a nearly intact vascular wall. In rare instances, 
clusters of nucleated cells were noted in the vascular lumen. 
Tumor cells could be seen invading soft tissue and muscle fiber 
(Fig. 2D).

Molecular pathology of the xenografts. Hypoxia-inducible 
factor 1α was strongly expressed in the nuclei of the tumor 
cells (Fig. 3A and B). Generally, the expression of HIF-1α was 

Figure 1. Gross anatomy of a transplanted tumor. Under the illumination of a fluorescence flashlight, (A) the external appearance and (B) the central section 
of the tumor in the right subaxillary region of a tumor-bearing mouse exhibit green fluorescence. (C) Under natural light, the peripheral region of the central 
section of the tumor exhibits a light green color, and the center has a fresh meat-like appearance (image of the same specimen as B). (D) In the early stage, 
engorgement of blood vessels is observed on the skin surface of the tumor (arrows). (E) In the middle and late stages, a large area of necrotic scabs and ulcers 
following decrustation are noted. (F) However, the tissue in the tumor base was still fresh.

Figure 2. Paraffin-embedded H&E-stained sections. (A) Pleomorphic (mainly spindle-shaped) cells are densely arranged, blood vessels are abundant and are 
shown as blood sinus, and hemorrhagic necrosis is commonly noted. (B) Proliferation of plentiful fibroblast-like cells is occasionally observed around the blood 
vessels in the old necrotic region. (C) Inside the blood vessels, tumor thrombi composed of tumor cells are occasionally observed. (D) Tumor cells were found 
to extensively invade the soft tissue and the muscle fiber. Scale bar, 25 µm.
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high in the central portion of the tumor and low in the marginal 
zones (Fig. 3C and D); however, notably, invasive tumor cells 
migrating from the marginal zones also highly expressed 
HIF-1α (Fig. 4). In the necrotic areas of the tumors, TNF was 
mainly expressed in shapeless intercellular fluid; however, 
in the non-necrotic areas of the tumors, TNF was diffusedly 
expressed on the membrane of tumor cells rather than in the 
intercellular fluid (Fig. 5). The vast majority of tumor cells, 
regardless of cell type, including those in the necrotic areas, 
strongly expressed Ki-67 in the nuclei (Fig. 6). In old hemor-
rhagic areas, the majority of cells were positively stained for 
CD11b and CD68, which were expressed both in the cytoplasm 
and on the membrane (Fig. 7).

Green fluorescence components in the xenografts. As the 
host organs, tissues and cells were GFP-expressing, all 

Figure 4. HIF-α is expressed in invading tumor cells. (A and B) Adjacent sections of the same specimen. H&E staining and immunohistochemical staining for 
HIF-α were performed, respectively. From left to right are the subcutaneous soft tissue, muscle and tumor entity. HIF-α is highly expressed not only in the cells 
inside the tumor entity, but also in the tumor cells invading the subcutaneous soft tissue and blood vessel walls (white arrow). Scale bar, 100 µm.

Figure 5. Expression of TNF in the tumor tissue (immunohistochemical 
staining; magnification, x400). Brown immune complexes are mainly dis-
tributed in the region of obvious tumor necrosis, and they are deposited in 
the intercellular substance. Although the cytoplasm of the tumor cells in the 
non-necrotic region also contain these types of complexes, the frequency is 
less significant compared to the necrotic region.

Figure 3. Different levels of HIF-α expression are noted in the center and margin of tumors. (A and B) Adjacent sections of the same specimen. H&E staining 
and immunohistochemical staining for HIF-α were performed, respectively. The tumor margin extends to the center with a left-to-right direction. (C and 
D) Magnified images of the tumor margin and the central frame. HIF-α expression in the tumor center is significantly stronger than that in the tumor margin. 
Scale bar, 25 µm.
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components in the xenografts displayed green fluorescence 
under fluorescence microscopy at an excitation wavelength of 
470 nm and were regarded to be derived from the host. At the 
same time, tumor cells did not stimulate green fluorescence 
under fluorescence microscopy at an excitation wavelength 
of 470 nm. Based on this concept, it was obvious that the 
implanted tumors were covered by host-derived skin, and the 
green area surrounding the tumor mass mainly consisted of 
host components (Fig. 1A and B). Notably, a large number 
of GFP-expressing cells were found clustered in the necrotic 
areas of the tumors (Fig. 8). GFP-expressing cells that had 

a similar appearance to macrophagocytes were also found 
scattered among the tumor parenchyma (Fig. 9).

Discussion

In the present study, we developed an animal model for studying 
the role of host cells in glioma. We used a subcutaneous xeno-
graft GFP nude mouse model and passed implanted tumors 
from animal to animal for 10 generations. The xenografts, 
which came from the human glioma stem/progenitor cell line 
SU3, were rich in blood vessels, necrosis and hemorrhagic foci. 

Figure 6. Immunohistochemical staining for Ki-67. (A and B) Adjacent sections of the same specimen. In the H&E-stained section (A), the old necrotic 
region (1), the marginal region around the necrosis (2), and the region with active tumor proliferation and rich in blood vessels (3) are clearly observed. 
(C-E) Magnified images of (1), (2) and (3) from B. Ki-67 expression in the nucleus was found to be highly positive in all cells. However, analysis of cell 
morphology revealed that (1) and (2) mainly include small round cells and (3) mainly includes spindle cells. Scale bar, 50 µm.

Figure 7. Inflammatory cell infiltration in the old necrotic region. There is an absence of intercellular substance in the H&E-stained section. (A) Cells are 
arranged relatively sparsely in the old necrotic region. (B) Magnified image of A; magnification, x400. (C) CD11b and (D) CD68 are highly expressed in cells 
of the immunohistochemically stained adjacent sections. Scale bar, 50 µm.



LU et al:  GFP TRACING MURINE MODEL TO STUDY GLIOMA662

In the interstitial tissue of the host, we noted numerous cells 
expressing GFP, CD68 and CD11b. Based on our findings we 
believe this model has significant potential for application in 
the future research of tumor tissue remodeling and the tumor 
niche.

Hypoxia inducible factor 1α (HIF-1α). Hypoxia-inducible 
factor 1 plays an important role in tumor growth by being a key 
regulator of cellular responses to hypoxia (5,11,12). It consists 
of α and β subunits (5). In hypoxic conditions, the α subunit 
is stable and in normoxia it is rapidly degraded (5). HIF-1 is 
translocated to the cell nucleus and induces transcription of its 
downstream target genes such as vascular endothelial growth 
factor and erythropoietin. 

Hypoxia-inducible factor 1 has been reported to play an 
important role in tumor growth and metastasis by regulating 
energy metabolism and inducing angiogenesis to allow 
survival in cellular hypoxia. Increased levels of HIF-1 have 
been noted in breast carcinogenesis, lung cancer, prostatic 

cancer, gastric carcinoma and cervical cancer (13-16). 
Therefore, it was necessary to evaluate the expression of HIF-1 
in the assessment of our animal model. HIF-1 expression in 
our tumor model showed two features: i) HIF-1α was highly 
expressed in the central portion of the tumor and expression 
was low in the tumor margin which was mainly due to low 
oxygen conditions in the central portion of the tumor (17); and 
ii) tumor cells invading the host tissue where oxygen is suffi-
cient also highly expressed HIF-1. We conjecture that the high 
expression of HIF-1 in non-hypoxic host tissue was associated 
with the disorder of tumor-suppressor genes (18). With regard 
to expression of HIF-1, this tumor animal model meets the 
required criterion.

Expression of tumor necrosis factor (TNF). Tumor necrosis 
factor was originally discovered in hemorrhagic necrotic 
tissue removed from tumor-bearing mice. TNF, which consists 
of TNF-α and TNF-β, was found to be secreted by macro-
phages and leukomonocytes. TNF-α is a type II membrane 
protein and contains soluble TNF-α and membrane-related 
TNF-α. The effect of TNF-α is concentration-dependent 
and type-dependent, including the induction of tumor cell 
apoptosis (19) and immune surveillance (20) or the effects 
are opposite depending on dose. For example, at high doses, 
TNF exerts a degenerative effect on tumor vasculature and 
induces tumor hemorrhage and necrosis; at moderate doses, 
TNF does not have cytotoxic effects on tumor cells, but 

Figure 9. Image of overlapping fluorescence light and white light. The tumor 
cells are shown in black, and the host tissue and cells are green in color. 
(A) Host cells are noted within the tumor entity. (B) Tumor cells are noted 
which enter the host blood vessel to form a tumor thrombus. (C) Wave-shaped 
macrophages on the cell membrane are noted. Scale bar, 50 µm.Figure 8. Microenvironment of the necrotic region in the tumor as shown 

by green fluorescent protein (GFP). (A and B) Adjacent sections of the 
same specimen. Following H&E staining, sparsely arranged cells in the old 
necrotic region can be observed under an ordinary microscope and intersti-
tial components are rare (A). Relatively numerous GFP components can be 
observed in the necrotic region under a fluorescence microscope. (C) The 
tumor cells do not express GFP, which are shown as grayish-black under 
non-excitation light. (D) Overlapping image of B and C. The GFP compo-
nent is embedded in the tumor stroma to be part of the microenvironment. 
(E) Magnified image of D. These types of GFP components can be divided 
into amorphous substances and cells with different shapes. Scale bar, 50 µm. 
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stimulates the proliferation and metastasis of tumor cells by 
inducing angiogenesis and promoting secretion of matrix 
metalloproteinase and endothelial adhesion molecule (21,22). 
In tumor necrotic areas of our animal model, TNF appeared to 
have the characteristic of sTNF-α; it was highly expressed in 
shapeless intercellular fluid, distributed lamellarly and without 
specific cell morphology. As there were numerous immune 
cells infiltrating into tumor necrotic areas, sTNF-α was most 
likely secreted by these immune cells (Fig. 8). Nevertheless, 
in the non-necrotic areas of the tumors, TNF appeared to 
have the characteristic of mTNF-α; it was diffusely expressed 
on the membrane of tumor cells. For this reason, mTNF-α 
was possibly secreted by tumor cells. In brief, the expres-
sion of TNF-α in this subcutaneous GFP nude mouse model 
conformed to the features of malignant tumors.

Tumor microenvironment. The tumor microenvironment, 
also called the tumor niche, is composed of interstitial fluid 
and various types of cells (inflammatory cells, endothelial 
cells and fibroblasts). It is known that in the early stage, the 
host-derived microenvironment exerts suppressive effects on 
the growth of transplanted tumors due to transplant rejection; 
however, in conjuction with the growth of transplanted tumors, 
the microenvironment changes in favor of tumor growth. This 
phenomenon has become a topic of extreme importance in 
oncology research during the last few decades. In the early 
years of research, Bettinger et al (23) reported that microglia 
can promote glioma migration and Markovic et al (24) 
reported that when microglia were selectively depleted, the 
invasiveness of tumors was significantly decreased. In recent 
years, Wu et al (25) reported that macrophages/microglia 
have the potential to promote the proliferation of tumor cells. 
Straussman et al (26) reported that when co-cultured with 
stromal cells, tumor cells become more resistant in vitro to 
chemotherapy. Taken together, these studies indicate that the 
host-derived tumor microenvironment plays a critical role 
in tumor development and progression. In another in vitro 
study of the tumor microenvironment, Borovksi et al (27) 
used a co-culture system comprising primary brain tumor 
microvascular endothelial cells and glioma propagating cells 
obtained from glioblastoma multiforme biopsies. They found 
that glioma propagating cells had higher proliferation rates 
when co-cultured with primary brain tumor microvascular 
endothelial cells than when cultured alone. However, in vitro 
experiments are lacking in the ability to demonstrate the 
importance of the tumor microenvironment. 

In vivo experiments were performed by Najbauer et al (4) 
who used orthotopic rodent models of human glioma xeno-
grafts and reported that a large number of host cells expressing 
nestin migrate to glioma and contribute to the growth of the 
xenograft by assembling into the microvasculature of glioma. 
It was determined that the host cells originated from the 
subventricular zone ipsilateral to the xenografts. The advan-
tage of the GFP nude mouse model established in the present 
study is that it is convenient for tracing host cells and investi-
gating the role of host cells in tumor growth. For example, a 
large amount of GFP-expressing cells were found clustered in 
old necrotic areas, and the majority of cells expressed CD11b 
and CD68, which are inflammatory cells that can serve as 
markers for macrophage-specific cells. Thus, we deduced 

that host cells are critical component of the tumor micro-
environment that play a role in the repair of tumor necrosis. 
As determined by the immunochemical staining, numerous 
TNF-α immune complexes were noted in the necrotic areas 
of the tumors (Fig. 5). This indicated that TNF-α secreted by 
macrophages participates in the composition of the cell factor 
microenvironment. A large number of cells expressing Ki-67 
was noted in both the tumor necrotic areas and non-necrotic 
areas (Fig. 6). Ki-67 is a nuclear proliferation antigen and its 
expression reflects the proliferative ability of cells, and for 
tumor cells its expression also predicts malignancy and poor 
prognosis. Since Ki-67-expressing cells included GFP cells, 
this added more evidence to support the assumption that host-
derived cells are involved in the repair of tumor necrosis. Due 
to the participation of host cells in the repair of necrosis of 
tumor tissue, no cyst was discovered in our more than 100 
tumor specimens.

de Almeida Sassi et al (1) recently reviewed studies on 
glioma including the extensive research that has been carried 
out to describe the tumor microenvironment. Importantly, 
they revealed that there is a reciprocal relationship between 
glioma stem cells and their microenvironment; that is, 
glioma stem cells can modulate the microenvironment that 
produces signals that regulate glioma stem cells. They also 
pointed out that tumor microvasculature generates niches that 
promote the establishment and maintainence of brain tumor 
stem cells. In addition, niches were found to have an impor-
tant role in protecting these stem cells from environmental 
insults (e.g., chemotherapeutic agents). Recently, Gazdzinski 
and Neiman (28) injected GL261 and 4C8 glioma cells that 
were labeled with iron oxide particles or with a fluorescent 
probe into the brains of synergeneic mice. Following tumor 
development, they used texture analysis to analyze the label 
distribution patterns in the two types of gliomas. They reported 
that in the GL261 tumors the label was observed mainly in 
the tumor core whereas in the 4C8 tumors the label was more 
randomly distributed throughout the tumor. They speculated 
that differences in the label distribution maps between the two 
different types of gliomas were likely affected by differences 
in the tumor microenvironment.

In conclusion, a glioma model consisting of GFP nude 
mice as the host was successfully established. With this model, 
we were easily able to observe how host cells participate in 
tumor necrosis repair. Since the host cells constantly express 
GFP, this model has great potential for investigating the tumor 
microenvironment as a supporting role in tumor growth and 
progression and may serve to identify future therapeutic 
targets. 
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