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PROJECT TITLE:  

Systematical Analysis of the Intercellular Interactions within the Brain Tumor Stem Cell’s Perivascular 
Niche 

Scientific Abstract (in no more than 300 words) 

Current treatments cannot cure glioblastoma, the most aggressive and prevalent type of brain tumors. A small 
population of tumor cells within the tumor mass are stem cells, which can survive current cancer treatments 
and form new tumors once the treatments stop. In vivo, these brain tumor stem cells (BTSCs) reside in 
specialized microenvironments called perivascular niches (PVNs) that contain many other cell types. BTSCs 
and these other cell types interact with each other to form an ecosystem to support the BTSCs. A promising 
strategy to cure glioblastoma is developing new therapies that can destroy this ecosystem and sensitize 
BTSCs to typical cancer treatments. However, current understanding of the intercellular interactions of the 
BTSCs’ PVN ecosystem is very limited, preventing the development of such new therapies. The goal of the 
proposed work is to use novel in vitro tissue models, which are developed in the project team’s lab and can 
structurally and functionally mimic the in vivo PVNs, to identity the intercellular interactions that are specific to 
and critical for the BTSCs’ PVN ecosystem. These interactions represent the targets for new therapies. To 
bring this goal to fruition, two specific aims will be completed: (1) systematically identity the intercellular 
interactions that are specific to the BTSCs’ PVN ecosystem, and (2) perturb these specific intercellular 
interactions identified in Aim 1 to further identify the interactions that, if disrupted, can destroy the BTSCs’ PVN 
ecosystem and BTSCs’ stem cell properties and drug resistance. The proposed research is novel and has not 
been investigated by others. If successful, the results may lead to new therapies that can cure glioblastoma.  

Lay Abstract (in no more than 300 words) 

Each year, millions of people are diagnosed with brain tumors, among which the glioblastoma is the most 
prevalent and aggressive type. The average survival for glioblastoma patients is 12-15 months. To treat these 
patients, surgical removal of the tumor is followed by radiation and chemotherapy. However, a majority of the 
patients have tumor recurrence, which eventually leads to death. The aggressive phenotype, resistance to 
treatments, and recurrence of glioblastoma is largely due to the existence of brain tumor stem cells, a small 
population of tumor cells within the heterogeneous tumor mass that have stem cell properties. The failure of 
the current treatments indicate they are ineffective for eliminating these tumor stem cells, thus new therapies 
must be developed. The proposed research seeks to elucidate the microenvironment in which brain tumor 
stem cells live in vivo. This will enable the eventual development of therapies that can destroy these 
microenvironments, which will in turn kill the brain tumor stem cells. The success of the proposed research 
may lead to therapies that can cure glioblastoma. 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

 



DESCRIPTION OF RESEARCH PROPOSED (maximum 6 pages for sections A - F): 

A.  Specific Aims 

Current treatments cannot cure glioblastoma, the most aggressive and prevalent brain tumors1. The average 
survival time for glioblastoma patients is 12-15 months. A small population of tumor cells within the tumor mass 
are stem cells, which can survive current cancer treatments and form new tumors once the treatments stop2. In 
vivo, these brain tumor stem cells (BTSCs) reside in specialized microenvironments called perivascular niches 
(PVNs) that contain many other cell types, such as endothelial cells (ECs), pericytes or mesenchymal stem 
cells (MSCs), astrocytes, and microglia cells. BTSCs and these other cell types interact with each other to form 
an ecosystem to support the BTSCs1,3–6. A promising strategy to cure glioblastoma is developing new 
therapies that can destroy this ecosystem and sensitize BTSCs to current cancer treatments. However, our 
current understanding of the intercellular interactions of the BTSCs’ PVN ecosystem is very limited, preventing 
the development of such new therapies. The goal of the proposed work is to use novel in vitro tissue models, 
which are developed in our lab and can structurally and functionally mimic the in vivo PVNs, to identity the 
intercellular interactions that are specific to and critical for the BTSCs’ PVN ecosystem. These interactions 
represent the targets for new therapies. To bring this goal to fruition, we will complete the following specific 
aims:  

Aim 1: Systematically identity the intercellular interactions that are specific to the BTSCs’ PVN 
ecosystem. Using the in vitro models, we will first make clear the intercellular interactions within the BTSCs’ 
and normal brain neural stem cells (NSCs)’ ecosystems. We will compare these two ecosystems to find the 
interactions that are specific to the BTSCs’ PVN ecosystem. 

Aim 2: Perturb these specific intercellular interactions identified in Aim 1 to further identify the 
interactions that, if disrupted, can destroy the BTSCs’ PVN ecosystem and BTSCs’ stem cell properties 
and drug resistance. This research takes advantage of the novel in vitro models developed in our lab to 
systematically elucidate the BTSCs’ PVN ecosystem. It is novel, and to our best knowledge, has not been 
investigated by others. Its success may lead to therapies that can cure glioblastoma.  

B.  Background and Significance 

Brain tumor stem cells (BTSCs) and their perivascular niche 
(PVN) ecosystem: The current treatments for glioblastoma include 
surgical resection to remove the bulk tumor mass if possible, followed 
by radiation and chemotherapy to kill the leftover tumor cells1. 
However, these treatments cannot eliminate all the tumor cells. Tumor 
recurs after the treatments stop. The aggressive phenotype, resistance 
to treatments, and recurrence of glioblastoma is due to the existence of 
BTSCs, a small population of tumor cells within the heterogeneous 
tumor mass that have stem cell properties2. BTSCs have superb 
capability to migrate in adult brain tissue. They can infiltrate 
centimeters of distance into the surrounding brain tissue from the 
primary tumor, preventing the surgical resection from completely removing all the tumors cells. Through a 
variety of mechanisms, BTSCs can survive the current radiation and chemotherapy regime. These surviving 
BTSCs proliferate and differentiate to form new tumors (i.e., stemness). Thus, the best hope to cure 
glioblastoma is to find new therapies that can eliminate these BTSCs. In vivo, BTSCs are not randomly 
distributed in the tumor mass. They are adjacent to the brain blood vessels and make direct contact with the 
ECs and with the other surrounding cell types, such as MSCs, astrocytes, and microglia cells (Figure 1). The 
blood vessels and these other cell types create a niche, which is termed PVN, which supports BTSCs and 
enables them to maintain their unique properties3–6. Within the PVN, cells interact with each other to form an 
ecosystem (i.e., the BTSCs’ PVN ecosystem). Therapies capable of destroying this ecosystem can potentially 
sensitize BTSCs to radiation and chemotherapy. It is important to note that BTSCs share many properties with 
the normal brain NSCs. Two zones within adult brains, the dentate gyrus of the hippocampus and the 
subventricular zone, have NSCs that are important for maintaining normal brain function. These NSCs also 
reside in PVNs, which contain ECs, MSCs and astrocytes to form the NSCs’ PVN ecosystem. Both BTSCs and 
NSCs can self-renew and differentiate. However, only BTSCs can migrate extensively in the adult brain cortex 
and striatum and form tumors.  

Figure 1. BTSC perivascular niche.  



To develop therapies to destroy the BTSCs’ PVN ecosystem, it is important to first understand the intercellular 
interactions of the ecosystem3–6. During the past decade, a few of these interactions have been identified. For 
instance, Wnt and TGF-β proteins from ECs are important for maintaining BTSCs’ stemness. CXCL12 and 
VEGF proteins, produced by ECs, can stimulate the proliferation of BTSCs. EC-secreted MMP9 and CXCL12 
proteins are needed for BTSCs’ migration. And ECs can modulate the Akt and mTOR signaling in BTSCs, 
leading to the drug resistance of BTSCs. The astrocyte-secreted Shh, CXCL12, and MMP2 proteins also 
contribute to the BTSCs’ stemness, proliferation, and migration. Microglia cells also express bFGF and TGF-β 
proteins that contribute to BTSCs’ stemness. CX3CL1 and MMP2 proteins from microglia cells can enhance 
BTSCs’ proliferation and migration. These intercellular interactions were identified by many scientists using in 
vitro cell culture or in vivo brain tumor xenograft. However, they represent only the tip of the iceberg. These 
known interactions mainly focus on how the other cell types within the PVN signal to BTSCs. Very few studies 
have focused on how the BTSCs signal to the other cell types and how these other cell types signal to each 
other. Many of these known interactions are shared by the BTSCs’ and NSCs’ PVN ecosystems. Few 
interactions that are specific to the BTSCs’ ecosystem have been identified. In summary, the BTSCs’ PVN 
ecosystem is far from being completely understood. We thus propose to systematically investigate the BTSCs’ 
PVN ecosystem and to identify the subset of intercellular interactions that are specific to BTSCs and, if 
disrupted, can lead to corruption of the ecosystem. This subset of interactions represents the target for 
developing therapies that will sensitize BTSCs to current cancer therapy.  

Thus far, the barrier to systematically investigating the BTSCs’ PVN ecosystem is the lack of in vitro models 
that can faithfully mimic the in vivo PVNs. Currently, in vitro co-culturing BTSCs, ECs, MSCs and astrocytes in 
two-dimensional (2D) plates and in vivo brain tumor xenografts are used to investigate the intercellular 
interactions. However, it is very challenging to isolate a sufficient amount of the individual cell types of the PVN 
from the xenografts that would allow for a systematic investigation. Cells co-cultured in the 2D dish do not form 
the highly organized structures found in the in vivo PVNs, meaning many intercellular interactions of the in vivo 
PVNs cannot be found in these cell cultures. In our laboratory, we recently developed three-dimensional (3D) 
brain and brain tumor tissues, using NSCs or BTSCs, MSCs, ECs, and astrocytes, which can structurally and 
functionally mimic the in vivo NSCs’ or BTSCs’ PVNs. These tissues can be made on a large enough scale to 
enable us to conduct the proposed research. In this proposal, we will leverage these in vitro models and the 
genome-wide RNA sequencing (RNA-Seq) technology to systematically elucidate the BTSC’s PVN ecosystem.  

Significance: If completed, the proposed research will have significant impact on the treatment of tumors in 
the brain and other organs. (i) The identification of the intercellular interactions that are specific to and 
indispensable for the BTSCs’ PVN ecosystem can lead to new therapies that together with surgery, radiation, 
and chemotherapy, have the potential to cure glioblastoma. (ii) Cancer stem cells are not unique to 
glioblastoma, but rather are present in all human cancers2,7,8. Though we describe only glioblastoma in this 
proposal, the concept and approaches developed through this research can be used to develop therapies for 
all other human cancers. In vitro tissue models for the cancer stem cell PVNs of other cancer types, such as 
breast cancer and ovarian cancer, can also be created and used to elucidate their stem cells’ PVN 
ecosystems, thus paving the way for new therapies targeting these ecosystems. (iii) This research will also 
significantly advance our understanding of how cells communicate in the BTSCs’ PVN.   

C.  Preliminary Studies 

NSC and BTSC culture: In the proposed research, we will make synthetic 3D brain tissues with NSCs, MSCs, 
ECs, and astrocytes to mimic the in vivo neural PVNs. Primary NSCs isolated from normal human brain 
tissues9 and NSCs differentiated from the human-induced pluripotent stem cells (iPS cells)10, as well as 
primary BTSCs isolated from human glioblastoma11, will be used to make synthetic tissues to model the PVNs 
in normal brain tissue and brain tumor, respectively. The ability to culture these cells in lab is a prerequisite for 
the success of the proposed research. In our lab, primary NSCs have been cultured in suspension for 10 
passages with well-maintained stem cell properties as shown by the expression of NSC markers, such as 
Nestin, and their ability to differentiate into neurons and glia cells when the bFGF and EGF proteins were 
withdrawn from the culture medium (Figure 2, next page). We also differentiated human iPS cells into NSCs. 
These cells express NSC markers, such as Nestin and Pax6, and can be differentiated into neurons and glia 
cells. They have been cultured for 10 passages in the same medium used for culturing the primary NSCs 
(Figure 2). Primary glioblastoma BTSCs have also been cultured in the same medium for 20 passages without 
changing phenotypes. They express neural stem cell markers, such as Nestin. They can be differentiated into 
neurons and astrocytes both in vitro and in vivo. When transplanted to the immunodeficient mice, they can 



form new brain tumor (Figure 3). In 
addition, we have also expanded and 
banked a sufficient number of human 
umbilical vein endothelial cells 
(HUVECs), bone marrow mesenchymal 
stem cells (BM-MSCs), and astrocytes, 
which will be used to make the synthetic 
PVNs. In summary, we have already 
made all the cell types required for the 
proposed research.    

Synthetic PVNs: A recent and exciting 
advancement in regenerative medicine is 
the demonstrated ability to synthesize 
tissues with stem cells in a Petri dish. 
When tissue-specific stem cells are 
mixed with MSCs and ECs, they self-
assemble into corresponding tissues 
using their intrinsic programs. MSCs 
provide a contracting force for the 
assembling, and ECs form a premature 
vascular network. Through this method, 
liver, intestine, lung, kidney, heart, and 
neural tissues have been made12. I call 
this approach “tissue synthesis” to 
differentiate it from traditional tissue 
engineering, in which a biomaterial 
scaffold is prefabricated to mimic the 
desired tissue structure, followed by 
seeding cells onto this scaffold. Though 
biomaterial scaffolds can provide support 
to cells, they also interfere with intrinsic 
cell interactions, which may account for 
the limited success of tissue engineering 
in making tissues with authentic 
structures and functions thus far. In 
tissue synthesis, no scaffolds are used, 
and cells use developmental rules to 
form authentic tissues. We hypothesized 
that 3D brain tissues mimicking the in 
vivo PVNs could be made through tissue 
synthesis. In our preliminary research, 
upon mixing HUVECs, MSCs, 
astrocytes, and the primary NSCs, or the 
iPS-derived NSCs or the glioblastoma 
BTSCs, they formed solid 3D brain 
tissues with organized structures within 
48 hours. ECs formed a premature 
vascular network with 90 percent of the 
NSCs or BTSCs adjacent to or directly in 
contact with the ECs, recapturing the in 
vivo NSCs’ or BTSCs’ PVN (Figure 4). 
We call these tissue synthetic PVNs.  

Can the synthetic PVN mimic the 
functions of the in vivo PVN? As 
aforementioned, the in vivo PVN 
provides supportive cues to maintain the 

Figure 2. Single primary NSCs were cultured in suspension for 7 days. Cells 
grew into uniform multicellular spheroids (A). At passage 10, >95% of cells 

expressed the NSC marker, Nestin. Majority of the cells were proliferating, as 
shown by the expression of Ki67 (B). Human iPS cells reprogrammed from 

skin fibroblasts were differentiated into NSCs. These cells were then cultured 
and expanded as monolayers. At passage 10, >95% cells expressed the NSC 
markers, Nestin and PAX6 (C). Scale bar: 50 µm  

Figure 3. Single glioblastoma BTSCs were cultured in suspension for 7 days. 
Cells grew into spheroids (A). At passage 20, >95% cells expressed the neural 
stem cell marker, Nestin and the proliferation marker, Ki67 (B). BTSCs could 
be differentiated into Tuj+ neurons (C) and GFAP+ astrocytes (D) and formed 
new tumors when transplanted to the SCID mice (E).   

Figure 4. Synthetic PVNs. When BTSCs, ECs, MSCs, and astrocytes were 

mixed and cultured for 3 days, they self-assembled into a 3D solid tissue (blue 
arrow) (A). ECs (red) formed a premature vascular network (B). >90% of the 
BTSCs (green) contacted with ECs (red) (C). Similar tissues were formed 

when BTSCs were replaced with primary or iPS-derived NSCs.   

Figure 5. The synthetic BTSC PVN could functionally model the in vivo BTSC 

PVN. See the text for details.     
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BTSCs’ stemness, infiltration, and drug resistance. We cultured BTSCs alone (i.e., single-cell-type culture) or 
within the synthetic PVN in the absence of bFGFs and EGFs, two proteins that are required for maintaining 
and expanding BTSCs in vitro. After two weeks, 75 percent and 15 percent of the BTSCs from the single-cell-
type culture and the synthetic PVN lost the neural stem cell marker, Nestin (Figure 5A). In an unpublished 
study in our lab, we found that single undifferentiated BTSCs could form colonies (multicellular spheroids) in a 
thermoreversible PEG hydrogel13. When we cultured the dissociated, single BTSCs from the single-cell-type 
culture and the synthetic PVN that had been cultured in the absence of bFGFs and EGFs for two weeks, 20 
percent and 75 percent of the single BTSCs grew into colonies in this PEG hydrogel (Figure 5B). These 
results indicated the synthetic PVN could maintain the BTSCs’ stemness without the exogenous bFGFs and 
EGFs, a function of the in vivo PVN. We then cultured the BTSCs alone or within the synthetic PVN in the 
presence of a chemotherapy drug, temozolomide. One week later, cells were dissociated and cultured as 
single cells in the PEG hydrogel (Figure 5C). Ten-fold more colonies were formed by the BTSCs cultured in 
the synthetic PVN, showing that the synthetic PVN could enhance the BTSCs’ drug resistance, a function of 
the in vivo PVN. In summary, our preliminary research shows the synthetic PVN can model both the structures 
and functions of in vivo PVN. In this proposal, we will leverage this synthetic PVN and the latest genome-wide 
RNA-Seq technology to systematically identify the intercellular interactions that are specific to and critical for 
the BTSCs’ PVN ecosystem.     

D.  Progress Report (for Renewal Applications only) 

Not applicable. 

E.  Research Design and Methods 

Aim 1. We will first make clear the intercellular interactions within the BTSCs’ and normal NSCs’ PVN 
ecosystem. We will then compare these ecosystems to find the interactions that are specific to the BTSCs’ 
PVN ecosystem. Cells within the synthetic PVN interact with each other, leading to changes in their phenotype, 
signaling pathways, and gene expressions. If the genome-wide transcripts (mRNAs) of the ECs, MSCs, 

Figure 6. Using synthetic PVNs and RNA-Seq to build NSC or BTSC PVN ecosystem. BTSCs or NSCs, astrocytes, MSCs, and 

ECs are cultured separately and labeled with different fluorescent dyes. They are mixed and cultured to make the synthetic PVN 
(a), or cultured separately in dish (b). On day 4, cells are collected to harvest the mRNAs (d). The synthetic PVN is dissociated with 
trypsin and cells are sorted into ECs, MSCs, astrocytes, and NSCs or BTSCs for collecting the mRNAs for each cell type (c). The 

mRNAs are then sequenced with deep-sequencing technology. The mRNA level for each gene is quantified and aligned to the 
chromosome with software. The x-axis indicates the position at the chromosome. The y-axis shows the mRNA level for each gene 
(e). The transcriptome of each cell type from single-cell-type culture and from the PVN are then compared to identify the genes with 

changed expression in the PVN (f). The genes with changed expression from one cell type are then paired with genes with 
changed expression from other cell types to establish the intercellular interactions (f). At the end, the intercellular interactions within 
the BTSC, primary NSC, and iPS-derived NSC PVN ecosystem can be established (g). The arrows in (f) indicate signaling from 

one cell type to another cell type. The arrow heads point to cells receiving the signals. The weight of the arrows is proportional to 
the number of interactions. For instance, a thick arrow indicates more interactions.  



astrocytes, and NSCs or BTSCs that have not been co-cultured or isolated from the synthetic PVN can be 
sequenced, quantified with deep-sequencing technology14, and compared, the changes in gene expression of 
the four cell types after co-culturing in the synthetic PVN can be identified. And these changes can be used to 
find the intercellular interactions of the BSTCs’ or NSC’s PVN ecosystem. For instance, if ECs upregulate 
VEGFs and BTSCs upregulate the components of the VEGF signaling pathway after co-culturing in the 
synthetic PVN, a conclusion that ECs secrete VEGFs to activate the BTSCs’ VEGF signaling can be made. 
The process of building the PVN ecosystems for BTSCs, iPS-derived NSCs, and primary NSCs is illustrated in 
Figure 6. All the experiments will be performed in the PI’s laboratory. RNA-Seq will be done at the University 
of Nebraska Medical Center (UNMC)’s Next Generation Sequencing Center. Genome-wide mRNA analysis will 
be performed by staff of the Bioinformatics Core Research Facility at University of Nebraska, Lincoln (UNL) 
and by the PI’s collaborator, Prof. Qi Zhou (Zhejiang University, China), who has worked on genome-wide 
mRNA analysis for five years with two first-authored papers in Science15–18.  

As aforementioned, BTSCs share many properties with normal NSCs. Many of the intercellular interactions 
within their ecosystems may be the same. If we want to develop therapies to eliminate BTSCs, but not NSCs, 
we should target the interactions that are specific to the BTSCs’ PVN ecosystem. To identify these distinct 
interactions, we will systematically compare the intercellular interactions within the ecosystems of the BTSCs 
and normal NSCs (Figure 7a-c). We will find the interactions that are common to all three ecosystems (Figure 
7d) and interactions that are specific to the BTSCs’ ecosystem (Figure 7e). We will use normal NSCs from two 
different sources (primary and iPS-derived) to increase our confidence in correctly identifying the common 
interactions. With the completion of this aim, the PVN ecosystems for the BTSCs, primary NSCs and iPS-
derived NSCs, will be built. The interactions that are specific to the BTSCs’ PVN ecosystem will be identified. 
We will confirm these ecosystem-specific interactions at the protein level using western blot and 
immunochemistry. 

Aim 2. Some of the interactions identified in Aim 1 may be particularly critical to the BTSCs’ PVN ecosystem. 
To identify them, we will perturb each of these specific interactions identified in Aim 1  in the synthetic PVN and 
study how the perturbation affects the ecosystem and the BTSCs’ properties. We will also simultaneously 
perturb multiple interactions to find if there are synergistic effects among different intercellular interactions. 
Such perturbation may involve strengthening it by adding exogenous protein ligands or small molecule 
agonists to the culture medium, or by overexpressing ligands or receptors or the downstream components of 
the signaling pathways. To weaken an interaction, small molecules or antibodies that can block the signaling 
can be added to the medium, or components of the signaling pathway can be knocked down with siRNAs. The 
experimental design is illustrated in Figure 8. Genes or siRNAs are delivered into the corresponding cells with 

lentivirus. Their expression will be confirmed with 
western blots and immunochemistry. ECs, MSCs, 
astrocytes, and BTSCs will be mixed to form the 
synthetic PVN. Small molecular agonists, inhibitors, 
antibodies, and protein ligands will be added to the 
culture medium for the synthetic PVN. After perturbing 
for one week, BTSCs will be harvested and evaluated 
for their stemness by the Nestin expression, as well as 
their ability to form colonies in the aforementioned 
thermoreversible hydrogel. During the one-week 
culture, chemotherapy drugs can also be added to 
evaluate how the perturbation affect the BTSCs’ 
resistance to drugs. After one week, the viable BTSCs 

Figure 7. Identify the BTSC PVN-specific intercellular 
interactions. The PVN ecosystem for primary NSC (a), iPS-
derived NSC (b), and BTSC (c) are compared. Intercellular 
interactions that are common to the three ecosystems (d) 
and are specific to the BTSC PVN ecosystem (e) are 

identified. The weight of the arrows is proportional to the 
number of interactions. 

Figure 8. Perturb the BTSC PVN ecosystem-specific 

intercellular interactions to identify the critical intercellular 
interactions.  



that can form new colonies in the thermoreversible hydrogel will be quantified. To access how the perturbation 
affects the BTSCs’ capability to migrate, the synthetic PVN with one-week perturbation will be placed in a 3D 
Matrigel. In our previous research, we have shown undifferentiated BTSCs could migrate in 3D Magrigel from 
the synthetic tissue. We will measure the amount of cells migrated into the Matrigel and their migration 
distance. Through these experiments, we expect to identify some interactions whose disruption can destroy the 
BTSC PVN ecosystem and BTSCs’ stemness and drug resistance.  

Future Research: Due to the limited timeframe, we propose only two aims for this project. However, we 
expect our results would open the door to further research, described below, that will lead to BTSC-eliminating 
therapies. Validate the critical intercellular interactions identified in Aim 2 in vivo. These critical interactions are 
identified using synthetic PVN. It is important to know if perturbing them affects the tumor growth in vivo. We 
will transplant BTSCs to the brain of a SCID mouse. If the perturbation can be done using small molecules, 
proteins or antibodies, these reagents will be injected into the blood circulation or delivered to the brain 
ventricles or parenchyma. If the perturbation needs overexpressing or knocking-down genes, genes or siRNAs 
will be delivered to the BTSCs before the transplantation. If overexpressing or knocking-down genes are also 
required on ECs, MSCs, and astrocytes, we will transplant the whole synthetic PVN into the mouse brain. Two 
months later, the tumor growth, volume, and structure will be analyzed. This will enable us to identify the effect 
of perturbation on tumor growth. Adding microglia cells into the synthetic PVN. Microglia cells are a component 
of the BTSCs’ PVN in vivo. In our preliminary research, the synthetic PVN without microglia could structurally 
and functionally mimic the in vivo PVNs, indicating microglia cells may not be essential for maintaining the 
stemness and drug resistance of BTSCs. However, since microglia cells are within the natural PVNs, 
determining how they interact with other PVN cell types is important. We will use the aforementioned methods 
to build and investigate the PVN ecosystem interactions among BTSCs or NSCs, ECs, MSNs, astrocytes, and 
microglia cells. 

Innovation: To the best of our knowledge, the research described in this proposal is novel and has not been 
performed by others. There are a few conventional and technical innovations. (i) This is the first time 3D 
human brain tissues have been made that can both structurally and functionally mimic the in vivo BTSCs’ or 
NSCs’ PVNs. (ii) This is the first project that would use these models and RNA-seq to systematically build the 
PVN ecosystems and to identity the interactions that, if disrupted, can destroy the BTSCs’ PVN ecosystem and 
BTSCs’ stem cell properties and drug resistance. (iii) The methods for identifying the BTSCs’ PVN-specific 
intercellular interactions, which entails comparing BTSCs’ ecosystem with two normal NSCs’ ecosystems, and 
for identifying the intercellular interactions that are critical to the BTSC’s PVN ecosystem through perturbation 
are novel.   

Brief Methods: Make and culture synthetic PVNs: BTSCs or primary NSCs or iPS-derived NSCs, astrocytes, 
ECs, and MSCs are mixed. A total of two million cells are put in one well (24-well plate) and cultured for three 
days to form 3D solid tissues. Colony formation assay in thermoreversible PEG hydrogel: 1000 single BTSCs 
are mixed with 100 µl ice-cold hydrogel precursor solution and casted in one well (12-well plate). The solution 
is heated to 37 ºC for five minutes to form elastic hydrogel. Single BTSCs are encapsulated in the hydrogel. 
Warm medium is added to cover the hydrogel. After seven days, undifferentiated BTSCs will grow into 
multicellular spheroids with diameters around 100 µm. On day seven, ice-cold PBS is added to dissolve the 
hydrogel and to release the spheroids. The number of spheroids per gel can be counted under microscope. 
Migration assay in Matrigel: The synthetic PVN is cut into small pieces (~0.5 mm in diameter). One tissue 
piece is mixed with 200 µl ice-cold Matrigel solution. The solution is put in one well (96-well plate) and heated 
at 37 ºC for 10 minutes to form the Matrigel. Warm medium is added and cells are cultured for several days. 
Undifferentiated BTSCs migrate into the Matrigel. The migrating edge is recorded daily to calculate the 
migration speed and distance. RNA-Seq data analysis: We will use FastQC to quality filter the generated RNA-
seq reads, then align them to the human genome with TopHat. We will use edgeR to compare the normalized 
gene expression level between cells cultured alone and cells isolated from the PVNs and then identify these 
differentially expressed genes belong to the same known pathway.   

F.  Statement of Cancer Relevance 

This proposal describes a novel strategy to destroy the glioblastoma stem cells’ PVN to sensitize them to 
typical cancer treatments. If successful, this research may lead to new therapies to cure glioblastoma. The 
concepts and methods described in this research can also be used to develop new therapies to eliminate the 
cancer stem cells in other human cancers. This research thus has significant and broad impact on cancer 
treatments.  
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