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Abstract
Despite aggressive multimodal therapy and advances in imaging, surgical and radiation techniques, high-grade gliomas remain incurable, with patient 
survival often measured in months. Treatment failure is largely attributable to the invasive nature of glioma cells, ineffective delivery of chemotherapeutic 
agents across the blood-brain barrier, and dose-limiting systemic toxicities. Neural stem cells (NSCs) have inherent tumor-tropic properties that can be 
exploited for targeted delivery of anti-cancer agents. However, current intracranial and intravenous injection approaches for administering NSCs are 
not optimal, especially for repeat administrations, because the methods are invasive and may lead to complications. We hypothesized that intranasal 
administration of NSCs would circumvent these challenges. In this study, we evaluated the biodistribution of NSCs administered intranasally to 
severely immunodeficient esterase-deficient Esle mice bearing orthotopic xenografts of U251.eGFP.ffluc human gliomas. Histological imaging and 
3D reconstruction revealed that NSCs specifically localized to tumor sites, but not to non-tumor areas of the brain. Importantly, mice treated with 
intranasally administered NSCs that were genetically modified to express carboxylesterase, a prodrug-activating enzyme, in combination with CPT-11 
showed increased survival and reduced tumor growth. These results support further development of intranasal delivery of NSCs as a new approach to 
treating glioma and possibly other invasive brain tumors.
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Introduction

Stem cell therapies have shown much promise in preclinical animal models 
for the treatment of central nervous system (CNS) diseases and brain tumors 
[1]. The major challenge in developing such therapies has been effective 
delivery of therapeutic agents and cells to injury sites within the brain 
[2-4]. Many studies have shown that neural stem cells (NSCs) that are 
intracranially injected into the brain localize specifically to areas of CNS 
pathology [5-8]. However, intracranial injection is invasive and impractical 
for repeated dosing. Although intravenously administered NSCs have the 
potential to cross the blood-brain barrier (BBB) and localize to areas of 

damaged brain tissue, including tumors, this approach may lead to off-target 
systemic effects, as well as immune reactions toward allogeneic NSCs. 
Thus, although encouraging results have been obtained, current methods 
of NSC administration are imperfect and there is an urgent need for new 
methods of stem cell delivery. Intranasal administration has already been 
used to deliver proteins, growth factors, hormones and small molecules 
to the brain to treat neurological disorders [9] and has been adapted for 
the specific use of intranasal insulin to treat Alzheimer's disease [10]. 
In addition, intranasally administered mesenchymal stem cells (MSCs) 
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can bypass the BBB to target the CNS, and their migration to CNS sites 
is enhanced by pretreatment with intranasal hyaluronidase [11]. Several 
research groups have used intranasal delivery of MSCs to successfully 
target and treat CNS damage in animal models of neonatal ischemia [12], 
Parkinson’s disease [13], ischemic stroke [14] and neonatal brain damage 
[15,16]. A recent study in an orthotopic mouse glioma model showed 
that intranasally administered MSCs that express TNF-related apoptosis-
inducing ligand rapidly reach tumor sites and induce a cytotoxic effect in 
vivo [17]. Similarly, intranasally administered neural stem/progenitor cells 
have been reported to target intracerebral malignant gliomas in mice [18].

In the current study, we examined the migration of an established 
therapeutic clonal human NSC line (HB1.F3.CD) to human glioma 
tumors implanted into the frontal lobe of immunodeficient mice after 
intranasal administration. This HB1.F3.CD NSC line demonstrated safety 
in a first-in-human safety/feasibility study when used in combination with 
5-fluorocytosine (5-FC) in patients with recurrent glioblastoma (clinical trial 
ID # NCT01172964). In the studies reported here, this same NSC line was 
further modified to express a modified human carboxylesterase (hCE1m6),
which converts the CPT-11 (irinotecan) prodrug to the potent topoisomerase 
I inhibitor, SN-38 [20]. Following intranasal administration, these CE-
expressing NSCs (NSC.CE) migrated specifically to tumor sites within 
the brain in two different immunodeficient mouse models and induced 
a cytotoxic effect when given in combination with CPT-11 in plasma 
esterase-deficient (Es1e) SCID mice. These results suggest that NSCs 
can be intranasally administered and used to target anti-cancer agents to 
intracranial tumors, following further optimization. Overall, intranasal 
delivery of NSCs may offer a more efficient and less invasive method of 
implementing stem cell therapies in many CNS diseases, which could 
significantly improve and expand stem cell-based therapeutic applications.

Materials and Methods

Neural Stem Cell Culture

HB1.F3.CD NSCs derived from a clinical equivalent research lot (City 
of Hope cGMP Facility) were thawed and cultured in T-175 tissue culture 
flasks in DMEM (Invitrogen, 10313-021; Carlsbad, CA), supplemented 
with 10% heat-inactivated FBS (Gemini, GBP-100500, West Sacramento, 
CA) and 2 mM L-glutamine (Invitrogen, 25030-081), and incubated at 
37oC, 6% CO2 for 72 h prior to labeling with superparamagnetic iron oxide 
(SPIO) nanoparticles (Molday ION Rhodamine BTM; CL-50Q02-6A-50; 
BioPhysics Assay Laboratory, Inc., Worcester, MA). Control unlabeled HB1.
F3.CD cells were cultured under the same conditions as the labeled cells. 
HB1.F3.CD cells (passage 25) were labeled with Molday ION as described 
previously (Cromer Berman SM et al. [21]) For therapeutic efficacy studies, 
HB1.F3.CD cells were adenovirally transduced to express a humanized form 
of carboxylesterase (hCE1m6) (Wierdl M et al. [20]).

Animal Models of Glioma Tumors

Beige nude XID and Es1e esterase deficient SCID mice were used to 
investigate the effect of various immunodeficient hosts on NSC migration. 
The severely immunodeficient beige nude XID strain was ideal for this 
study because it allowed us to test the stand-alone viability of intranasally 
delivered NSCs with minimal interference from the immune system. 
The beige nude XID strain lacks key immunological components such 
as B cells, macrophages, and lymphokine activated killer (LAK) cells. 
For therapeutic efficacy studies we used the less immunodeficient 
Es1e SCID mice, which lack B cells and T cells, similar to the beige 
nude XID strain, but possess NK cells, LAK cells, and macrophages.

Biodistribution Studies

To establish glioma tumor xenografts, U251.eGFP.ffluc human glioma cells 
(1 x 105 cells/2 μl) were implanted stereotactically (2 mm right of bregma, 
1 mm rostral caudal and 2.5-3 mm deep) into the frontal lobe of mice. 
Fourteen days after tumor cell implantation, NSCs labeled with Molday 
ION Rhodamine BTM were administered intranasally (6 x 105 cells) in a 
total volume of 12 μl PBS (n= 8 mice). Two immunodeficient mouse hosts 
were used: beige nude XID mice and Es1e esterase deficient SCID mice (n=4 
for each model). Intranasal administration of NSC.CEs was performed as 
previously described [13,18]. Briefly, NSCs (5 x 104 cells/1 μl) were applied 
to each nostril in doses of 3 μl with 2 min intervals after hyaluronidase 
treatment (100 units/mouse) (Sigma-Aldrich; H3757). Four mice were 
euthanized 24 h post-NSC administration, and 4 mice were euthanized 4 days 
after NSC administration. Brains were fresh frozen or embedded in paraffin. 
Serial 10-μm horizontal sections were made from the brains and processed for 
H&E staining, Prussian blue staining, and fluorescent imaging. Prussian blue 
staining was performed using the Accustain iron stain kit (Sigma-Aldrich, 
St. Louis, MO; HT20-1KT) according to the manufacturer’s protocol. 
Mouse peripheral organs (lungs, liver and spleen) and spinal cords were also 
collected, tissue was digested using proteinase K, and DNA was extracted 
and amplified by PCR using primers for v-myc to test for the presence of 
NSCs in non-tumor organs. The brain of a mouse injected intranasally with 
NSCs that were not labeled with Molday ION Rhodamine BTM was used for 
PCR analysis. Because the left hemisphere was not implanted with tumor, 
it was used as a control for the right frontal lobe, which had the implanted 
tumor. The GAPDH gene was used as a DNA loading control. DNA purified 
from HB1.F3.CD cells was used as a positive control for PCR amplification 
of the v-myc gene (replicon size 170 bp). Pure water was used as a negative 
control. PCR products were analyzed by agarose gel electrophoresis and 
staining of DNA bands with ethidium bromide. Therapeutic efficacy studies 
were performed using the same U251.eGFP.ffluc glioma xenograft model 
in Es1e esterase deficient SCID mice. Briefly, on day 1 mice received 
intracranial injections of U251.eGFP.ffluc glioma cells (1.5 x 105 cells/2 
μl). Tumor growth was monitored by Xenogen imaging. All mice developed 
tumors were then intranasally administered NSC.CE cells on days 7 and 
14 after tumor cells implantation. A bolus intravenous injection of CPT-11 
(37.5 mg/kg) was given 4 days after NSC.CE injection (i.e., days 11 and 
18). After two rounds of NSC.CE/CPT-11 treatment, mice were followed for 
long-term survival. Animals were monitored daily, to perform euthanasia 
on any animals showing objective signs of dying. The signs include: any 
obvious prolonged illness including such signs as lethargy, decreased fecal 
production, bleeding, dehydration, difficulty breathing, central nervous 
system disturbances, or chronic diarrhea or constipation, weight loss (> 20% 
body weight); scruffy hair coat, hunched posture, hypo or hyperthermia, 
impaired ambulatory movement, inability to remain upright. Animal meeting 
any of these criteria were euthanized, and the date was recorded as their death.
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3D Reconstruction of Tumors and Brain Tissue

Three-dimensional (3D) reconstruction was performed using Reconstruct 
(version 1.1.0.1) software (Dr. Kristen M. Harris et al., SynapseWeb, 
Laboratory of Synapse Structure and Function, Austin, TX, USA; http://
synapses.clm.utexas.edu). For each tumor, 7-11 serial brain sections 
(10 μm each) separated by 200 μm were imported into the Reconstruct 
program and aligned manually. Tumor alignment and NSC quantification 
were done on merged fluorescent image slides; auto-tracing of the 
tumor was done on eGFP and red-blue merged slides. NSC cells were 
identifies as red (Molday ION Rhodamine BTM –labeled), and DAPI 
staining was performed to visualize mouse brain tissue. To produce a 3D 
image, structures of interest were separated based on color (Prussian 
blue label for NSCs) and cell density (eGFP, tumor areas). Volumes 
containing these cells and structures were determined using Reconstruct.

Results

NSCs Migrate to Sites of Intracranial Glioma in Beige Nude XID 
Mice

All studies used the established NSC line HB1.F3.CD, which is a v-myc-
immortalized, human clonal NSC line that has been genetically modified 
to stably express E. coli cytosine deaminase (CD) [5]. We have extensively 
characterized these NSCs as being genetically and functionally stable, non-
tumorigenic, and minimally immunogenic [21]. The HB1.F3.CD line is 
established as a master cell bank at City of Hope, which should accelerate 
translation of promising findings toward clinical use.

First, we sought to determine if intranasally administered NSCs maintained 
their inherent tumortropism in vivo. HB1.F3.CD cells were iron-labeled 
with Molday ION Rhodamine B or feraheme to allow for detection by both 
Prussian blue staining and fluorescent visualization of NSCs in histological 
sections [20]. U251.eGFP.ffluc human glioma cells (1x105) were injected 
into the frontal lobe of beige nude XID mice using stereotactic coordinates 
as previously described (n=4) [21]. Fourteen days after tumor implantation, 
HB1.F3.CD cells were administered intranasally. Mice were euthanized 
one or four days after NSC administration. NSCs were found to migrate 
and distribute selectively to tumor sites, but were not detected in non-tumor 
areas of the brain (Figure 1A-1E). The presence of NSCs at the tumor site 
was determined by histological analysis of the brain sections. Two brains 
from the mice euthanized on day 1, were cryosectioned and stained with 
DAPI to visualize cell nuclei (Figure 1A). eGFP fluorescence was used to 
visualize the eGFP-expressing U251 tumor cells (Figure 1B). Molday ION 
Rhodamine B-labeled NSCs were detected (red) at tumor sites after NSCs 
injection by fluorescence imaging (Figure 1C), merged image (Figure 1D) 
and 3-dimensional (3D) reconstruction of serial histological sections for each 
brain were performed (Figure 1E). The brain of one mouse euthanized on day 
4 post-NSC injection was analyzed by PCR to detect v-myc transcripts at the 
tumor sites; v-myc is a specific marker for the HB1.F3.CD cells (Figure 1F). 
PCR analysis using v-myc specific primers (replicon size 170 bp) showed 
that v-myc DNA was present in the right hemisphere, where tumor cells were 
implanted. However, v-myc was not detected in the left hemisphere, where 
tumor cells were not present (Figure 1F). Quantitative results showing the 
numbers of NSCs at the tumor site for each mouse are summarized in (Table 1).

Figure 1. Intranasally administered NSCs migrate to sites of brain tumor in an immunodeficient mouse model. 

Severely immunodeficient beige nude XID mice (4 weeks old) were implanted intracranially with U251.eGFP.ffLuc human glioma 
cells. After 14 days, NSCs (6 x 105) labeled with Molday ION Rhodamine B were administered intranasally. Biodistribution of the 
NSCs was examined 24 h after administration and on day 4. Axial view of brain sections from the frontal lobe and containing tumor 
tissue (A) stained with DAPI (blue), (B) imaged for eGFP (green) to identify tumor cells, (C) imaged for Molday ION Rhodamine 
B (red) to identify NSCs. Vertical arrows indicate NSCs that migrated to the tumor site. Dashed white line outlines the tumor area. 
(D) Merged image. (E) Three-dimensional (3D) reconstruction of tumor and NSCs. (F) Nested PCR analysis for the v-myc gene 
(replicon size 170 bp) to determine the presence of HB1.F3.CD cells at the tumor site (right frontal lobe). No Tumor: left frontal lobe
(no tumor); Controls: DNA purified from HB1.F3.CD cells (+) or no DNA added (-). Scale bars: 100 μm.
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Migration of HB1.F3.CD Cells to Orthotopic Glioma Xenografts in 
Es1e SCID Mice

Plasma esterase deficient Es1e SCID mice (n=4) were used to more closely 
mimic human levels of CE, so human equivalent doses of CPT-11 could be 
used in therapeutic studies by residual immunological reactivity, we used 
Es1e SCID mice (n=4). Although these mice are immunodeficient, they have 
some ability to launch an immune response. As early as 24 h after intranasal 
injection, HB1.F3.CD cells were identified in and around U251.eGFP.ffluc 
tumors in this model (Figure 2A). NSCs were not detected in the opposite 
hemisphere of the brain, which had not been implanted with tumor cells. 
Analysis of NSC migration four days after NSC administration revealed 
increased NSC accumulation at the tumor site (Figure 2C), when compared 
to brains of mice euthanized one day after injection of NSCs (Figure 2A and 
Table 1).

We then used 3D reconstruction of fluorescent images of axial (horizontal) 
brain sections to quantitatively analyze the number of NSCs at the tumor sites 
(Figure 2B, 2D). Using images obtained from H&E and Prussian blue staining, 

we determined the brain area where the tumor was present. Brain sections 
(every 10th section) were selected for DAPI staining, fluorescent imaging 
and 3D analysis (Figure 2B, 2D). Fluorescent images (7-10 brain sections/
mouse) were used for 3D analysis. Imaging was performed using blue, green 
and red channels to detect DAPI stained nuclei, tumor cells (U251.eGFP.
ffluc green) or NSCs (Molday ION Rhodamine-labeled, red), respectively. 
Tumor alignment and quantification were done on DAPI-stained slides; auto 
tracing of the tumor was done on images using the green channel, and tracing 
of NSCs on redblue merged sections (Figure 2B and 2D; tumor pseudo-
colored green and NSCs red). The number of NSCs was quantified in each 
brain section, and these values were multiplied by the number of sections. 
The total number of NSCs per brain was approximated based on the number 
of unstained intervening sections (Table 1). The same approach was used 
to estimate the numbers of NSCs present at the tumor sites in each mouse.

I II III IV

Object Number of NSCs Number of brain sections Brain sections per tumor Total NSCs per brain Mice

M01 day 1 170 9 180 3400 Beige nude XID

M04 day 1 116 8 160 2320 Beige nude XID

M07 day 1 209 11 220 4180 Es1e SCID

M09 day 4 371 7 140 7420 Es1e SCID

I Number of NSCs quantified per brain sections used for 3D
II Number of brain sections (within the tumor) that were used for 3D reconstruction
III Total number of brain sections overlapping the tumor
IV Estimated total number of NSCs per brain: (I x III)/II
*M01, M04, M07, M09 – mice used for analysis

Table 1. Quantification of NSC numbers per brain using 3D reconstructions

Figure 2. Migration of intranasally administered NSCs to glioma at day 1 and day 4 in SCID mice

(A, C) SCID mice (Es1e) were implanted intracranially with U251.eGFP.ffluc cells (1x105 cells). Fifteen days after implantation of U251.eGFP.
ffluc cells, NSCs (Molday-labeled HB1.F3.CDs, 6x105) were administered intranasally. Biodistribution of the NSCs was evaluated one (A) or four 
days (C) after NSC injection. White arrows in A and C indicate NSCs (red), tumor green and mouse brain blue (DAPI labeled). Scale bars: 100 
μm. 3D tumor reconstruction of brain and NSCs that migrated to the tumor site one (B) or four days (D) after intranasal administration of NSCs.
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Detection of HB1.F3.CD NSCs in Peripheral Organs by 
Nested PCR

Nested PCR was used to detect the v-myc gene sequence (a marker for HB1.
F3.CD NSCs) in the organs of mice that received intranasal administered 
NSCs (n=8). This approach could detect vmyc in 0.01 ng of genomic DNA 
purified from HB1.F3.CD NSCs. In our previous studies, we have estimated 
that nested PCR analysis of v-myc is sensitive enough to detect 10-20 NSCs 
per 500 ng of mouse brain tissue DNA [21]. Nested PCR failed to detect NSCs 
in the spinal cord as well, which was not surprising because no abnormalities 
were detected in this tissue by pathologic analysis. This approach did detect 
NSCs in tumor areas. NSCs were occasionally detected in the lungs of

Intranasal Administration of NSC.CEs in Combination with 
CPT-11 in Mouse Models of Glioma

We performed long-term survival studies using the U251 xenograft model to 
determine the effect of combination therapy with intranasally administered 
NSC.CE cells and CPT-11. NSC.CE cells (5x105) were administered 
intranasally to U251 tumor-bearing mice (n=8) on day 7 after tumor 
implantation, and the first dose of CPT-11 (37.5 mg/kg) was given on day 11 
of the study as a bolus dose. The treatment with both NSC.CE cells and CPT-
11 was repeated once the following week. Control groups included: 1) U251 
tumor-bearing, no treatment (n=4); and 2) U251 tumorbearing, treatment with

mice (e.g., left lungs in two mice, one out of four duplicate samples 
were positive) and may have been associated with pulmonary passage 
of intranasally administered NSCs on days 1 and 4 after NSCs injection 
(Supplementary Table 1, number of dashes indicate the duplicate samples). 
All PCR reactions were repeated 3 times (n=8). Further, PCR analysis of 
blood samples did not detect v-myc DNA in samples obtained 24-48 h 
after intranasal NSC administration, suggesting that NSCs were cleared 
from the bloodstream (data not shown). Therefore, we concluded that NSC 
distribution in the brain was specific to the U215 tumor areas after intranasal 
administration.

CPT-11 only (CPT-11 treatment was given on the same schedule as for mice 
that received NSC.CE + CPT-11) (n=8) (Figure 3). Statistical analysis of long-
term survival data (using Log-rank Mantel-Cox test) showed that survival 
curves were significantly different for untreated vs. treated groups (p=0.02). 
However, median survival of mice treated with CPT-11 only and NSC.CE + 
CPT-11 was not statistically significant (median survival 47.5 days); median 
survival for the untreated group was 42.5 days. Further studies will be needed 
to optimize the treatment regimen for NSC-mediated CE/CPT-11 therapy.

Supplementary Table 1. PCR analysis of the organs for the presence of v-myc DNA

*M01-M09 mice used for analysis

Sample ID M01 M03 M04 M05 M06 M07 M08 M09

Liver - - -  - - - -  - - - - - - - - - - - - -

Lung #1 - - -  - - - -  - - - - - - - - - - - - -

Lung #2 + - - - + - - - - - - - - - - - - - - -

Spleen - - -  - - - -  - - - - - - - - - - - - -

Kidney #1 - - -  - - - -  - - - - - - - - - - - - -

Kidney #2 - - -  - - - -  - - - - - - - - - - - - -

Spinal Cord - - -  - - - -  - - - - - - - - - - - - -

Figure 3. Long-term survival study of tumor-bearing mice treated with CPT-11 or NSC+CPT-11) 

We performed long-term survival studies using the U251 xenograft model to determine the effect of combination therapy with 
intranasally administered NSC.CE cells and CPT-11. NSC.CE cells (5x105) were administered intranasally to U251 tumor-bearing mice 
(n=8) on day 7 after tumor implantation, and the first dose of CPT-11 (37.5 mg/kg) was given on day 11 of the study as a bolus dose. The 
treatment with both NSC.CE cells and CPT-11 was repeated once the following week. Control groups included: 1) U251 tumor-bearing, 
no treatment (n=4); and 2) U251 tumorbearing, treatment with CPT-11 only (CPT-11 treatment was given on the same schedule as for 
mice that received NSC.CE + CPT-11) (n=8) (Figure 3). Statistical analysis of long-term survival data (using Log-rank Mantel-Cox test) 
showed that survival curves were significantly different for untreated vs. treated groups (p=0.02). However, median survival of mice 
treated with CPT-11 only and NSC.CE + CPT-11 was not statistically significant (median survival 47.5 days); median survival for the 
untreated group was 42.5 days. Further studies will be needed to optimize the treatment regimen for NSC-mediated CE/CPT-11 therapy.
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Discussion

In this study we provide evidence that, similar to biomolecules and MSCs, 
NSCs can use the intranasal pathway to gain access to the brain and to target 
brain tumors. Specifically, we have shown by fluorescent imaging, as well 
as PCR analysis, that after intranasally administered NSCs can migrate to 
glioma xenographs in the frontal lobe of mice. We have also demonstrated 
the potential for therapeutic efficacy of intranasally administered NSC.CEs 
followed by CPT-11.  Intranasal administration of therapeutic NSCs provides 
several advantages over conventional methods, including intravenous and 
intracranial injections [22-24], and overcomes the inherent weaknesses of 
these methods. For example, intracranial administration involves invasive 
surgery of the brain and a significant proportion of stem cells are lost at the 
site of injection, resulting in an overall low rate of engraftment and survival 
of administered stem cells. Intranasal delivery of NSCs may also be superior 
to intravenous delivery methods because the host immune system is not 
exposed to the NSCs. The brain is considered an immunologically privileged 
organ, the CNS immune responses are generally primed in the periphery, and 
the access of circulating immune cells to the CNS is tightly controlled by 
the BBB [25]. Thus intranasal administration could minimize the likelihood 
of an immune response to repeated rounds of such therapeutic cells. Thus, 
current drawbacks to intracranial and intravenous delivery of NSCs may be 
partially overcome by using intranasal delivery. The HB1.F3.CD NSC line 
has been characterized for genetic stability, cellular identity, therapeutic gene 
expression, and tumor targeting ability [5,26-27]. We have also determined 
that HB1.F3.CD NSCs express HLA class I antigens but do not express 
detectable levels of class II antigens, indicating that they are unlikely to elicit 
a CD4+ helper T or CD8+ cytotoxic T cell response [21]. We have confirmed 
the feasibility of using intranasal delivery of therapeutic NSCs to target brain 
tumors. Prussian blue staining of iron nanoparticle-labeled NSCs, Molday 
ION Rhodamine B fluorescence imaging and PCR analysis confirmed that 
intranasally administered NSCs targeted sites of glioma (Figures 1 and 2). 
Further, we have provided evidence that after intranasal administration, 
NSCs migrate specifically to sites of glioma in the brain and do not appear 
to be present in non-tumor areas of the brain or other organs. Our data also 
suggest that intranasal delivery can potentially serve as a practical method 
of delivering therapeutic NSCs to the brain. Of note, the extended survival 
of glioma-bearing mice treated with intranasally administered NSC.CE cells 
in combination with CPT-11 as compared to control groups, though modest, 
warrants further studies to refine and optimize. Testing the intranasal NSC.
CE + CPT-11 therapy in combination with other therapies to achieve a 
synergistic therapeutic effect is also of interest. We are further refining the 
intranasal delivery method, and are examining the clearance of NSCs through 
the circulation when they are injected intravenously. Intranasal delivery of 
NSCs represents a novel and promising tool for delivering NSCs to brain 
tumors for therapeutic approaches, such as enzyme/prodrug therapy of brain 
tumors [26]. If developed further, the intranasal delivery strategy could likely 
eventually be used to treat glioma patients and other CNS disease patients in 
a minimally invasive and highly effective manner.
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