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Human Glioma Nude Mouse Xenograft Model in situ
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Backgrounds: Surgery and chemotherapy are difficult because of the specific location of the glioma. The establishment of a suit-
able in situ model of glioma is the premise of the treatment of glioma. 8 week-old female BALB/c nude mice were chose to es-

tablish the glioma model.

Methods: For the orthotopic glioma mice model, 1 x 10°cells/5 uL U87-MG-Luc or U87-MG cells which were trypsinized and
resuspended in sterile PBS were slowly injected into the right corpus striatum (1.8 mm lateral, 0.6 mm anterior to the bregma and
3.0 mm in depth) by a stereotactic fixation device using a mouse adaptor.

Results: The othotopic U87 glioma mice model identified by imaging on IVIS Spectrum and magnetic resonance imaging after 2
weeks from surgery. H&E-stained tumor sections in brain of the mice model were also observed.

Conclusions: After identification, the glioma mouse xenograft in situ model obtained could be used in the evaluation system of

therapeutic drugs or methods.
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Introduction

Journal of the National Cancer Center published its first online
article entitled "Statistics of Cancer Incidence and death in China
in 2015" by Academician Hejie's team!"’. Based on the data of
368 high-quality surveillance sites selected from 501 cancer sur-
veillance sites in China, covering a population of 310 million, ac-
counting for 22.52% of the total population in 2015. The article
comprehensively reflects the epidemic characteristics and region-
al differences of cancer spectrum in China, including the incid-
ence rate of brain tumor was 4.9 cases per 100, 000, and the mor-
tality rate was 2.9 cases per 100, 000. In 2020, 56, 000 people
died, ranking among the top 10 cancer deaths in China™™. Among
all kinds of brain malignancies, glioma is the most malignant
glioma among astrocytomas. It is a tumor produced by glial cells
or their precursors in the central nervous system (CNS)). It is ex-
tremely invasive and the most common CNS malignant tumor,
accounting for 47% of such tumors™®. The median survival for
this type of cancer is just 15-17 months, and less than 5% of pa-
tients with glioblastoma who receive standard treatment survive
five years. Glioma occurs frequently in teenagers and has a great
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impact on society and family™”. On March 4, 2021, the topic "Six-
year-old Girl Lin Nuoen died and donated organs to save 5
people in Fuzhou, Fujian province" was listed in the hot search
list on Weibo news, which was read 210 million times, liked 290,
000 times and triggered 33, 000 discussions within half a day. Lin
Nuoen was a glioma patient.

Due to the special location of glioma, surgery and chemother-
apy are very difficult. The premise of studying glioma therapy is
to establish a suitable in situ glioma model. The in situ glioma
model mice were suitable for the treatment study for drugs
crosses the blood-brain barrier (BBB). Proliferating tumor cells
invade local tissue, travel through the circulatory system and im-
plant in a foreign tissue. Metastasis leads to high death rates in
cancer patients. Cell line derived xenograft (CDX) mouse mod-
els are highly utilized in preclinical assessment of novel cancer
therapeutics and are a crucial link between initial high-through-
put in vitro screening data and anti-tumor efficacy. Metastatic
mouse models are utilized to understand the interactions of the
anti-metastatic therapeutic and tumor in regards to all organs,
bioavailability (e.g. half-life), clearance, immune response and
tumor efficacy. Due to the inability to palpate metastatic tumors,
the insertion of a luciferase (bioluminescence) or GFP (fluores-
cence) gene into the genome of the cell line of interest enables the
researcher to visually track and quantitate internal tumor progres-
sion throughout the inlife portion of the animal study.

Researchers are extensively carrying out basic research on
glioma animal model”™. Hara et al. analyzed and established the
glioma model based on human genetic abnormalities and the hu-
man glioma model based on cells, especially the of the tumor
model in situ”. Due to the easy, economical and efficient cul-
ture of cell lines, tumor models such as U251"" and 9L"* have
been established at present. However, as the cell lines were con-
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tinuously propagated in vitro, the cells continuously propagated
adapted to the environment of external petri dish. The success
rate of tumorigenesis in vivo is greatly reduced"” ', Moreover,
the tumor model with stable expression of green fluorescent pro-
tein (GFP) was established based on inbred immunodeficient
mice!"™. the complex relationship between tumor and host can be
intuitively distinguished. The method of establishing green fluor-
escent BALB/C nude mouse model and its model application
were used widely!* "™,

Based on the above, we have carried out relevant work. The
surgery process for U87-MG cells expressing luciferase (U87-
MG-Luc) implanted in situ in the normal nude mice was profiled
in the present articles.

Methods

Materials

The U87-MG cell line was bought from the National Infrastruc-
ture of Cell Line Resource. The U87-MG-Luc cell line were pur-
chased from Shanghai Sciencelight Biology Science & Techno-
logy Co. Ltd. (China). DMEM medium, penicillin-streptomycin
and fetal bovine serum (FBS) were obtained from Thermal Fish-
er Scientific (China). The nude BABL/c mice were purchased
from Huafukang Bioscience Company (China).

Methods

All the animal experiments were performed in accordance with
the National Institutes of Health regulations for the care and use
of animals in research and were approved by the Medical Ethics
Committee of Peking Union Medical College (No.
YZS20191004). The bioluminescence imaging was performed
using IVIS Spectrum (PerkinElmer, USA) to monitor tumor
growth status. The brain locator (SANS, China) was used to
transplant operation.

U87-Luc basic tumor xenograft study design and description
of establishing the glioma model process

Female nude mice aged 6-8 weeks (about 18 g) were selected.
The mice were anesthetized with 2% pentobarbital sodium on the
dosage of 80 mg/kg. The U87-MG or U87-MG-Luc cells were di-
gested by trypsin (digestion time was about 30 s) centrifugated
and re-suspended by sterile PBS. The number of cells was adjus-
ted to 1x10° /mL.

The mouse head skin was sterilized by a cotton swab in 75%
alcohol or iodine soiution. The scissors and tweezers were steril-
ized. The skin and the fascia of mouse were cut and opened. the
surface of the skull was blow dry. The two points of Bregma and
lambda should be find as showing in the Fig. 2. The skull should
be drill in the same height on the two points of Bregma and
lambda with the head fixed on the brain locator. The red dot in
the Fig. 1 was the drill position. Then, the mice were fixed on the
microinjector. The needle of the microinjector with U87-MG or
U87-Luc MG cells was inserted the skull. The needle enter the
brain for 3.5 mm and slowly inject 5 pL by the speed of 0.5
pnL/30s. Then the needle should be stopped for 3—5 min after the
injection. At last, the needle was removed slowly. The wound
was sealed with bone wax and suture.

Then anesthetized the mice with isoflurane and used IVIS
Spectrum Live Imaging System (PerkinElmer, USA) to achieve
whole body fluorescent distribution. The magnetic resonance
imaging (MRI) (4.7 T /30 cm Bruker Biospec scanner, Germany)
was also used to observe tumor xenograft status.

Histopathological Evaluation

For histological analysis, the brain of the mice model in the dif-
ferent groups were fixed in 4% paraformaldehyde for 24 h. Par-
affin-embedded sections were stained with H&E and observed on
a microscopy.

Fig. 2. The Mice awaiting surgery on the stereotaxie apparatus.
In vivo imaging of the mice model by Spectrum and MRI
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Results and Discussion

8-12 weeks old NOD/SCID or Nude (Nu/Nu) mice could be
chose and firstly acclimated to the facility for 5-7 days prior to
tumor cell injection/implantation. The surgical procedure for
glioma nude mouse xenograft model in sifu was profiled in the
Methods Section. For the orthotopic glioma mice model, 1 x 10°
cells/5 uL U87-Luc cells which were trypsinized and resuspen-
ded in sterile PBS was slowly injected into the right corpus stri-
atum (1.8 mm lateral, 0.6 mm anterior to the bregma and 3.0 mm
in depth) by a stereotactic fixation device using a mouse adaptor.
The glioma tumors were allowed to grow and tumor growth was
monitored throughout the study after an intraperitoneal (IP) injec-
tion of luciferin for imaging. After 5 min post-intraperitoneal in-
jection of D-luciferin, the images were obntained. The othotopic
U87 glioma mice model identified in Fig. 3. The tumor location
and the ability to capture a quantifiable value for orthotopic or
metastatic tumor progression is the main strength of the luci-
ferase expression (emitted photons) in the U87 MG-Luc model.
The orthotopic glioma mice models were imaged and evaluated
using IVIS Spectrum Live Imaging System (PerkinElmer, USA).
Signals in the region of interest were quantified in units of mean
photons, per second, per square cm and per steradian.

To identify the location of the tumor, the 3D imaging for the
orthotopic glioma mouse model of U87-MG-Luc cells was ob-
served by IVIS Spectrum as shown in Fig. 4. The fluorescence of
bioluminescence from U87-MG-Luc cells were shown in the
mouse brain and the tumor site were consistent with the surgical
site. The virtual skeleton from Spectrum software system helped
us determine the tumor location further.

Further, the MRI imaging was also used to observe tumor
xenograft status in situ as shown in Fig. 5. The gliomas show
more contrast enhancement (white on the outside) as shown in
the red circle in Fig. 5. In clinic, a biopsy to confirm diagnosis of
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Fig. 3. Expression of luciferase in U87- MG-Luc orthotopic model.
The implanted glioma mouse model fluorescence was captured after
intraperitoneal luciferin injection 5 min.

glioma was the gold standard. A biopsy also provides informa-
tion to help guide treatment decisions. The cells in the tissue will
be stained by hematoxylin and eosin (HE) and observed under a
microscope to confirm that the sample tissue is cancerous. The
hematoxylin stains cell nuclei a purplish blue, and eosin stains the
extracellular matrix and cytoplasm pink, with other structures
taking on different shades, hues, and combinations of these col-
ors. Histological features of gliomas in Fig. 6 marked hypercellu-
larity, nuclear atypia, microvascular proliferation, and necrosis.
The tumor shows palisading of tumor cells around necrotic foci.

If the subcutaneous tumor model were tried to be achieve, the
operation process will be simple. E ach mouse receive one subcu-
taneous injection in the flank of the hind or the front leg!'> .
Each site will receive one million tumorigenic cells in a volume
of 100 pL containing 50% matrigel (use of matrigel matrix im-
proves tumor cell survival and tumor formation). The injection
sites were palpated three times weekly until tumors were estab-
lished. Once palpable tumors are observed, tumors are measured
and mouse weights recorded 2 times a week. The tumors sizes
should be measured and record until they reach an average size of
150-250 mm 3. Injected animals should be monitored daily with
cage-side observations, and body weight measurements''”’. Then
the animals model could be randomized into treatment groups
and treated according to the treatment schedule.

It should be noted that animals should be euthanized when tu-
mor size was over 2,000 mm3 limit. Gross necropsy and tissue
collection should be performed as defined for termination of ex-
periment. Animals showing signs of morbidity due to tumor bur-
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Fig. 4. The 3D imaging for the orthotopic glioma mouse model of U87-
MG-Luc cells by IVIS Spectrum.
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Fig. 6. The microscopic image of H&E-stained tumor sections in
brain of the mouse model.v

den or treatment toxicity are euthanized and processed as defined
for termination of experiment.

Conclusions

For the orthotopic glioma mouse in situ model, the vibrant U87-
MG-Luc or U87-MG cells were slowly injected into the right cor-
pus striatum in the selected immunodeficient nude mice by a ste-
reotactic fixation device. The othotopic U87 glioma mice model
was successfully established by imaging on IVIS Spectrum, MRI
and H&E-stained brain pathological sections. The glioma mouse
xenograft in situ model obtained could be used in the evaluation
system of therapeutic drugs or methods.
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