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A B S T R A C T

Despite many treatment options, cancer remains a growing problem and has become the second leading cause
of death globally. Here, we present fluorescence molecular tomography (FMT) data regarding the reversion of
third generation co-cultured U87+DBTRG and patient-derived GBM tumor model after treatment with novel
IL17A inhibitor named FLVM and FLVZ (organic derivatives of caffeic acid). FMT was used to determine tumor
angiogenesis volume (assessment of number of blood vessel; the expression of angiogenic factors CD34 and
other angiogenic cancer bio-markers) in U87+DBTRG and patient-derived gliomas. Immunohistochemistry was
used to determine microvessel density [CD34], and cell proliferation [Ki67]. Western blot was used to assess the
interleukin 17 A [IL17A], vascular endothelial growth factor [VEGF] and hypoxia-inducible factor-1α [HIF-1α].
Antibody array was used to assess the cancer bio-markers in co-cultured U87+DBTRG gliomas. Animal survival
was found to be significantly increased (P < 0.0001) after FLVM treatment compared with control-IL17A. After
FMT detection, FLVM, administered orally, was found to decrease tumor growth (P < 0.0001). FLVM and FLVZ
administration resulted in significant decreases in tumor hypoxia [HIF-1α (P < 0.05)], angiogenesis [CD34 (P <
0.05)], VEGF, IL17A and cell proliferation [Ki67 (P < 0.05)] and caused a significant increase of Bax, caspase
and FasL (P < 0.05), compared with untreated animals. Additionally, Leptin, LPL (P < 0.01), FFA (P < 0.05) and
adipogenesis were downregulated and no additive toxicity was found in mice except calorie-restriction like
effect. Use of FLVM can be considered as a novel inhibitor of IL17A for the treatment of human gliomas.

1. Introduction

Glioblastoma Multiforme (GBM) is the most angiogenic tumor with
the lower survival rate ( < 10%) than other cancer (WHO).
Angiogenesis has pivotal role to modulate the GBM tumor growth,
and in maintenance and localization of tumor in the brain. This
abnormal vasculature surrounding GBM provides resistance to drug
and increases the tumor cell invasion. The GBM angiogenesis is further
mediated by the pool of pro-inflammatory cytokines, chemokines and
growth factors. Particularly, tumorigenic effect of inflammatory IL17A,
IL6, IL1β, and IL23 and growth factor VEGF, and TGFβ in GBM
pathophysiology has been demonstrated in the literature (Andaloussi
et al., 2008; Prahlad et al., 2013; Julian et al., 2013; Jinhui et al., 2013;

Rolhion et al., 2001; Tchirkov et al., 2007). IL17A interacts with IL-6 to
promote the tumorigenicity and angiogenesis via direct upregulation of
vascular endothelial growth factor (VEGF) (Takahashi et al., 2005;
Angelo et al., 2007). The significant overexpression of these inflam-
matory cytokines has been identified in GBM microenvironment. It has
been found that T helper 17 cells (th17) produces large amount of
IL17A in GBM (Yao et al., 1995; Tzartos et al., 2008; Li et al., 2005).
Besides, Th17 cells need additional cytokines such as IL6, IL23, VEGF
and TGFβ to activate GBM pathophysiology (Bettelli et al., 2006; Wong
et al., 2009). In addition, IL17A induces the tumorigenic effect by
producing the adipocytes (Perez-Hernández et al., 2014; Wellen and
Hotamisligil, 2003; Rupnick et al., 2002). This adipogenesis is further
proliferated due to hypoxic condition of tumor (Zuniga et al., 2010;
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Shin et al., 2009). The adipogenesis is also, increased due to impaired
homeostatic process (Migrenne et al., 2011; Theander-Carrillo et al.,
2006). Therefore, the development of novel therapeutics, which inhibit
more than one ‘hallmark of cancer’ (e.g., pro-inflammatory cytokines,
angiogenesis, GBM cell invasion, proliferation, apoptosis and adipo-
genesis) could be crucial objective. However, the th17 cell lineage and
IL17A are now therapeutically targeted in autoimmune and inflamma-
tory diseases such as rheumatoid arthritis and psoriasis but it is not
therapeutically exploited in the in vivo glioblastoma (Lubberts, 2008;
Khan et al., 2016).

The rosmarinic acid (RA) is highly found in the plant with the most
of Lamiaceae family including Orthosiphone stamineus (OS) (Basheer
et al., 2012). RA is the ester of caffeic acid (CA) and also found in the
OS extract as very minor quantity. Both of RA and CA show the
antiangiogenic activity by inhibiting VEGF and VEGFR expression in
tumor microenvironment (Basheer et al., 2012; Sharmila and
Manoharan, 2012). The FLVM and FLVZ, are organic small molecule,
and derivatives of CA. In this study, we present anti-GBM effect of
FLVM (di-amine caffeate/rosmarinate, MW 238.29 g/mol) and FLVZ
(imidazole caffeate/rosmarinate, MW 304.35 g/mol) via inhibition of
pro-inflammatory cytokines IL17A and its mediated growth factor
VEGF and adipogenesis in tumor microenvironment. These small
molecules were designed, characterized and synthesized (details in
Supplementary information) (Fig. 1) prior to study. The response to
targeting multiple ‘hallmarks of cancer’ with FLVM and FLVZ, alone in
GBM was investigated, implementing third generation co-culture cell
line and patient-derived tumor models. Further, the toxicity and
molecular mechanistic activity of these compounds were assessed in
non-tumor bearing BALB/c mice and by protein antibody array,
respectively.

2. Materials and methods

This study was conducted to determine the efficacy of FLVM and
FLVZ alone, for glioblastoma inhibition. Different biological experi-
ments were conducted to demonstrate the activity of FLVM and FLVZ.
The compounds were orally administered into third generation co-
cultured U87+DBTRG glioma (Valerie et al., 2011) and patient-derived
glioma bearing Athymic Nude-Foxn1nu mice with high fat food and
about 3% of cutting down of food (daily intake of food is 3–6 g/mouse)
for 30 days (Bachmanov et al., 2002). The glioma models were divided

into treatment groups (FLVM, FLVZ, and anti-IL17A), control-vehicle,
control-IL17A, control-VEGF, and control-diet (cutting down of food).
The in-vivo blood-biochemistry indices, immunohistochemistry, wes-
tern blot and tumor progression (FMT imaging) were assessed to
demonstrate the in-vivo efficacy of FLVM and FLVZ. Further, adipo-
genesis parameters such as fat enzymes, glucose utilization index and
fat tissue mass, body weight and calorie intake were assessed to
determine the FLVM and FLVZ efficacy in glioblastoma growth.

2.1. Cell line and transfection

The human glioblastoma cell lines of U87 MG and DBTRG MG and
patient-derived neurospehere were kind gift from school of medicine,
department of pharmacology, USM Hospital, Kelantan, Malaysia. The
cells were cultured with Dulbecco's modified eagle medium (DMEM)
(ATCC, USA) supplemented with 10% heat inactivated fetal bovine
serum (HIFBS) (GIBCO), 0.1% IL17A (Genscript, USA), 100 units/ml
penicillin–streptomycin (GIBCO), and 2 mM glutamine (GIBCO) in a
humidified incubator with 5% CO2 at 37 ℃. To transfect the IL17A, the
cells were cultured at a density of 1 × 106 cells/well in a 6 well plate.
Cells were transfected with 20 μg pEGFPN1IL17 using Xfect reagent
(Takara Bio, USA), according to the manufacturer's instructions. At
post-transfection, we used gentamicin in cell culture medium to
stabilize the positive transfection. After 10 days, the level of IL17A
was screened in transfected and non-transfected U87 MG and DBTRG
MG cells using ELISA kit (R &D, USA), according to manufacturer's
instruction. The transfected cells were cultured in T75 flask for the
preparation of spheroid.

2.2. Human GBM tumor-derived neurosphere culture and
transfection

Patient-derived GBM neurospehres were derived from Universiti
Sains Malaysia's Hospital patients undergoing surgery according to
IRB-approved protocols (ethically approved by the Research and Ethics
Committee of Universiti Sains Malaysia) as previously described
(Mustafa et al., 2013). Briefly, GBM tumor resection samples were
mechanically dissociated, and neurospheres were established and
propagated in an artificial Cerebrospinal Fluid (aCSF). The cells were
cultured in DMEM and maintained with other growth medium and
supplement as described above. The cells were transfected with IL17A
as discussed above.

2.3. Preparation of U87+DBTRG cell line spheroid

U87 MG and DBTRG MG cells were grown in the 25 cm2
flask with

vent cap (Biofil, USA). The cells were maintained in the flask using
culture media with Dulbecco's modified Eagle's medium (DMEM)
(ATCC, USA) containing 10% heat-inactivated fatal bovine serum, 2%
L-glutamine, 5% penicillin and streptomycin. The cells were housed in
the culture incubator (100% relative humidity, 95% air and 5% CO2)
(Binder, USA). Cells were observed by inverted microscope (Olympus,
USA). The media was changed on every other day routinely. After 75%
of confluent, cells were washed in PBS and trypsinized. After trypsini-
zation, cells were suspended with DMEM and centrifuged to remove
the trypsin and fresh media was added immediately. The cells were
suspended with matrigel at 2 ─ 8 ℃ for xenograft transplantation. In
addition, cells were suspended with glucose and seeded on the
petridish cover and maintained them with upside down of the cover
to form the spheroid inside the media in the CO2 incubator. The
spheroid was then immediately used for inoculation into the brain of
nude mice, which were < 200 µm in diameter measured through
microscope scale bar.

Fig. 1. Chemical structure of FLVM and FLVZ which are derivatives of caffeic acid (CA)
or. rosmarinic acid (RA). RA is the ester of caffeic acid. Pharmacokinetic features of the
compounds.
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2.4. Preparation of third generation co-cultured U87+DBTRG cell
line and patient-derived glioma

The co-cultured cell line spheroids (U87+DBTRG) and patient-
derived neurospheres were injected subcutaneously on the right flank
of 1st nude mice (n=10 per group) subcutaneously (Fig. 2). After 1st
implantation, 7 days was allowed to grow the tumor in 1st nude mice.
After a week, tumor was incised and implanted in the 2nd nude mice
and conversely, after another week, again tumor was incised from 2nd
nude mice to implant into the 3rd nude mice. This was the 3rd
generation GBM tumor which was finally used in the experimental
groups to prepare ectotopic xenograft tumor model. Following similar
procedures, the third generation patient-derived neurospheres were
prepared for orthotopic xenograft tumor model. This generation
variation will make a complexity in tumor like human GBM (Valerie
et al., 2011). It can variably infiltrate many kinds of cytokines to
survive.

2.5. Inoculation of third generation co-cultured U87+DBTRG cell line
and third generation patient-derived GBM tumor in Nude-Foxn1nu

mice

Athymic Nude-Foxn1nu mice (Charles River Laboratories,
Wilmington, MA) weighing 20–30 g (10 weeks old) (n=10 per group)
were purchased and housed in individual cages under conditions of
controlled temperature (23 °C) and illumination (12-h light/12-h dark
cycle). Mice were fed with ad libitum water and standard laboratory
chow. All animal procedures conducted in this study was followed in
accordance with all appropriate regulatory standards and animal ethics
guideline approved by the USM Animal Ethics Committee.

Before implantation, third generation U87+DBTRG cells and
patient-derived GBM cells were isolated from the glioma tissue of
nude mice grown on the right flank and cultured according to
previously described protocol (German and Carol, 2004). The third
generation co-culture cells were used in ectotopic xenograft model and
third generation patient-derived GBM cells were used in orthotopic
xenograft model. For orthotopic model, athymic nude mice were
anesthetized by intraperitoneal injection with 50 mg/kg ketamine
and 5 mg/kg xylazine. All surgical tools were sterilized by autoclaving
before performing the surgery. The animals were placed on the
stereotaxic frame. The position of the animal was secured using the
ear bars and ensured that head and eyes were aligned centrally. The
lower back and the tail were taped down for proper respiration. The
incision site was shaved and made on top of the skull behind the right
eye diagonally back to the left posterior of the skull. The skull was
exposed to visualize the bregma. The correct position of the hole was
drilled in the skull at caudate putamen (AP: 2 mm, ML: 1 mm, V:

2.6 mm). A small hole in the skull at the marked position was drilled
using the driller. Patient-derived spheroid was maintained in 5 μl
DMEM media for implantation prior to the surgery. The Hamilton 25
microliter syringe with 26 gauge sharp needle was loaded with the
spheroid inoculum. The spheroids were reloaded in the syringe if they
were clumped together. The spheroids were implanted at a flow rate of
1 μl per min for a total of 6–8 min, (avoiding backflow) by syringe at a
depth of 4.5 mm below the surface of the brain. After the last of the
cells implantation, the needle was left in place for another 2 min, to
allow all the cells to settle in. After removing the needle the burrhole
was covered by the dental acrylic and the skin on the skull was sutured.
For ectotopic model, third generation co-culture cells were implanted
subcutaneously. Tumor was allowed to grow for 2 weeks and after that
treatment was started for 1 month. Mice were divided into control-low
food, control-high fat food, control-vehicle, control-IL17A, anti-IL17A,
FLVM and FLVZ groups (n=10). Mice were scanned at the 14th days
(control groups) and 31th days (all groups) of treatment using
prototype imaging scanner (Graves et al., 2003) of fluroscence mole-
cular tomography (FMT). Mice administered with Angiosense 750
probe agents were injected (in tail vein) 24 h prior to scan the brain
tumor under FMT. Mice were anesthetized immediately before ima-
ging. Data were measured according to the intensity of signal that
encounters the vasculature and hypoxia.

During the entire experimental course, much care was taken to
make animals suffer less from the tumorigenesis, such as, moribund
animals or the animals with tumor size above 1000 mm3 volume, was
euthanized immediately. Brain tumor volume (mm3) was determined
with the aid of a caliper applying the equation- tumor volume (mm3)
=1/2×L × W2 (where L is the length and W is the width of the tumor)
(Dimas et al., 2007; Hatziantoniou et al., 2006). Mice were tested up to
the tumor volume reached to maximum level of 800 mm3 in size
(Hatziantoniou et al., 2006).

2.6. FLVM and FLVZ treatment

FLVM and FLVZ were collected from EMAN Biodiscoveries SDN
BHD (Penang, Malaysia). About 10 mg of the compounds (96% purity)
were dissolved in sterile, cell-cultured tested DMSO (Sigma, USA) to
prepare a 10 mg/ml stock solution, which was stored in a moisture
controlled environment at RT. Mice were treated with 50 mg/kg of
FLVM, FLVZ alone, with oral administration and 12 ng/ml of IL17A
with intraperitoneal (I.P.) administration, respectively. The treatment
was started at 2 weeks of glioma model. The control groups were
treated with placebo (with vehicle i.e. DMSO), VEGF and IL17A, alone
with subclass of normal, high fat food (cholesterol, sugar and lipid) and
cutting down of food group (3% gradually decreased amount of food).
Each group consisted of 10 animals which were 10 weeks old (weight

Fig. 2. Preparation of 3rd generation glioma.
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20–35 g) Athymic Nude-Foxn1nu mice. The aged nude mice is used
because they could produce more Th17 cells and thereby large amount
of IL17A expression. Also, the source of IL17A was confirmed as the
presence of IL17A in third generation glioma cells at post-transfection
through ELISA assay.

2.7. Blood biochemistry, hematology and phenotype

Hemoglobin, Red blood cell (RBC) count, Hematocrit (Ht) i.e.
packed cell volume (PCV), Mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin
concentration (MCHC), Red cell distribution width (RDW), White cell
count, Platelets were determined with an SCIL VetABC counter (SCIL,
Viernheim, Germany). Serum iron, ferritin, erythrocyte protoporphyrin
and transferrin were assessed using AU400 automate; Olympus, Tokyo,
Japan and following Poulos and Lockwood, and Martin et al. (2004),
respectively) (Pallini et al., 2006; Poulos et al., 1980). Plasma FFA (free
fatty acid), insulin, Alanine transaminase (ALT), Aspartate transami-
nase (AST), gamma glutamyl transpeptidase (GGT), Total protein,
Albumin, Electrolytes, calcium, cholesterol and circulating glucose
using an automated H1 Technicon system as described in Laurie
et al., 2003 and plasma leptin, lipase activity, insulin and FFA were
determined using commercial kit (Lico and Sigma-Aldrich, respec-
tively). Mice body weight and %calorie were measured using Atwater
values. We have analyzed % calorie from food intake (fat, protein and
carbohydrate) according to Atwater values Eq. (1) (Atwater and
Bryand, 1991) and the assumption that the weight of the food is the
weight of the food as fat, carbohydrates, and proteins combined:

calories from food food by weight
food by weight

% = 9 × %
4 + 0. 05 × % (1)

The proportion of body weight and square surface area (g/m2) is
considered as body mass index (BMI) wherein body surface area is
calculated using the DuBois Eq. (2) (Sara et al., 2014),

Body surface m weight kg height( ) = 0. 007184 × ( ) × )2 0.425 0.725 (2)

2.8. Immunohistochemistry

Immunohistochemical analysis was conducted as previously de-
scribed with slight modification (David et al., 2006). Tissue sections
were prepared at 60 °C, dewaxed in xylene and rehydrated through
graded alcohol. Antigens retrieved using Dako's antigen retrieval buffer
(1x, pH 6.0) and by microwaving slides. Slides were cooled, washed
and then blocked with hydrogen peroxidase and BSA which then
treated with primary antibody CD34 (Anti-CD34 antibody [EP373Y])
and Ki67 (Anti-Ki67 antibody [EPR3610]) with DAKO antibody
diluent at 4 °C overnight at 1:250 dilution and secondary antibody
Dako's polyclonal goat anti rabbit biotinylated with DAKO antibody
diluent for 1 h at 1:500 dilution. Finally, avidin-biotin complex was
added on the tissues for 1 h and then dehydrated, and mounting.

2.9. Western immunoblot

Expression of proteins in glioma (ectotopic U87+DBTRG glioma)
following FLVM and FLVZ treatment alone, were measured using western
blot. The western blot (David et al., 2006; Julian et al., 2013; Bertin-Ciftci
et al., 2013) were analyzed to confirm the inhibitory potential of the
IL17A, VEGF and HIF1α. U87+DBTRG glioma tissues were incised from
mice. Tissues were lysed using ice-cold cell extraction buffer (Biousource,
Camarillo, CA). Protein concentrations were calculated based on Bio-Rad
DC assay kit (Bio-Rad Laboratories). Sodium dodecyl sulfate-polyacryla-
mide gel electrophoresis (SDS-PAGE, 1–8%, EDTA: 10 mM; Tris-Hcl pH
8, 1: 50 mM) was used to separate protein samples. Resolved proteins
were transferred into HybondTM-ECLTM nitrocellulose membrane
(Amersham Biosciences, UK). Membrane was blocked in freshly prepared

5% bovine serum albumin for 1 h at room temperature. Following
blocking, membrane was probed overnight with antibodies (VEGF
(Millipore), IL17A (Santa Cruz Biotechnologies, Santa Cruz, CA, USA),
HIF1α (Millipore) (diluted as 1:1000 in freshly prepared 5% bovine
serum albumin) with agitation at 4 °C. Following the first probe, blotted
membrane was washed twice and probed with goat anti-rabbit peroxidase
conjugated IgG secondary antibody (diluted as 1:2000 in 5% TBS-Milk)
for one and a half hours at room temperature. Immunobloted membrane
was subjected to enhanced chemiluminescence (ECL) detection reagent,
and bands were detected with LAS-3000 luminescent image analyzer
(Fujifilm).

2.10. Protein antibody array

Protein antibody array was conducted according to manufacturer
instruction (RayBiotech Inc., USA). Mouse plasma of patient-derived
orthotopic xenograft model was used for the determination of affected
inflammatory, apoptotic and angiogenic proteins. Protein concentra-
tion was determined by BCA Protein Assay Reagent (Pierce, USA).
Protein array membranes were immersed in blocking buffer and
incubated with 50 μg of proteins overnight at 4 °C. After washing with
the kit buffers, samples were incubated overnight with biotinylated
detecting antibodies at 4 °C and, after further washing, exposed over-
night to Alexa Flour 555-conjugated streptavidin. Slides were comple-
tely dried. Signals in the array membranes were depicted and quanti-
fied by scanner Agilent microarray scanner G2505C. The array data
were quantified by scanning the membrane and analysis of the array
image file was performed using image analysis software according to
the manufacturer's instruction. The intensity of protein signals was
quantified by Image Studio Lite and ImageJ software. After back-
ground subtraction, the data were normalized and analyzed. Signal
intensities were quantified by densitometry, and fold change was
calculated by comparing with controls.

2.11. Pathway analysis

The fold changes of the probe proteins as compared to control were
load into the Preranked program for gene set enrichment analysis
(GSEA) (Subramanian et al., 2005). The pathways for the probe
proteins were retrieved from PathwayCommons (Cerami et al., 2011).
The proteins were connected in the network if they are forming a
protein complex, or one controls the expression of another according to
literature.

2.12. Statistical analysis

Microsoft excel 2013 and GraphPad prism V6.02 were used for
statistical analysis. All data were evaluated with one-way ANOVA
multiple comparisons test. A p value < 0.05 was considered statistically
significant. Data are reported as mean ± S.E.M.

3. Results

3.1. Anti-GBM efficacy of FLVM and FLVZ in third generation co-
cultured U87-DBTRG and patient-derived glioma

Ectotopic third generation co-culture cell line glioma model were
used to determine the effect of FLVM and FLVZ against the growth,
angiogenic and adopogenic response of tumor. Further, the FLVM was
selected for orthotopic glioma model (patient-derived tumor model)
but the FLVZ was not considered for the orthotopic study. The
physicochemical properties and toxicology parameters of the com-
pounds were used to rank the best effective compound for further
glioma model (orthotopic) study. The schematic schedule of the
treatment was shown in Fig. 3A. Tumor growth inhibition (%ΔT/ΔC)
was measured (at each week of experiment) in ectotopic model and
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Fig. 3. Anti-GBM efficacy and non-toxic effect of FLVM and FLVZ in third generation co-culture U87+DBTRG ectotopic xenograft glioma bearing nude mice. (A) Schematic timeline
representation of the treatment schedule of compounds. (B) Compounds antitumor efficacy analysis. (C) Box and whisker plot showed the upper quartile, lower quartile, median, and the
error bars show maximum and minimum tumor volumes. (D) Daily recorded tumor size during treatment. The compound showed no toxicological effect after treatment. (E) Percent
weight of mice during treatment of FLVM and FLVZ. Weight was recorded daily. Control-vehicle with high fat food and cutting down of food was studied (data not shown). Tumor
volume was lower in cutting down diet mice group than control-vehicle and control-IL17A. Control-IL17A and control-vehicle were used to compare with treated group. (F) Percent
calorie of mice. (G) Blood general chemistry parameters after treatment. (H) Liver enzymes after treatment of mice. (I) Protein status of the mice. (H) Renal function parameters of mice.
(J) RBC count after treatment. (K) Immune cells count after treatment. Bars represent the value as mean ± S.E.M. of 10 animals per group. Asterisk represents the p value as *P < 0.05,
**P < 0.01, ***P < 0.0001 as significant value.
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found 87%, 11%, 2% and 4% after treatment with IL17A, anti-IL17A
mAB, FLVM and FLVZ, respectively (Fig. 3B). The ratio of the median
tumor volume of the treated and the control group refer to the %ΔT/ΔC
for a particular day. The much lower the value (%ΔT/ΔC), the better
tumor growth of inhibition. The value of %ΔT/ΔC < 42% is considered
as standard threshold to identify the effective anticancer compound
(Bissery et al., 1991). The median ectotopic xenograft tumor volume
was 8.40 mm3, 16.20 mm3, 135.66 mm3, 487.90 mm3 and 41.78 mm3

for FLVM, FLVZ, control-vehicle, control-IL17A and anti-IL17A,
respectively (Fig. 3C) (Control-low-food group data not shown). The
tumor volume was measured each day and presented in Fig. 3D. The

median tumor volume can be denoted as 0.15%, 0.16%, 77.93% growth
(P < 0.0001) in FLVM, FLVZ and control-vehicle group in comparison
with control-IL17A.

Mice were monitored daily for body weight, calorie intake and
tumor growth. Tumor growth was at opposite direction (the higher the
growth the lower the weight) with body weight (Fig. 3E) and caloric
intake (Fig. 3F). After 30 days of treatment, growth of tumor was
suppressed in treated group compared to control-IL17A and control-
vehicle. Despite the weight and calorie loss, the treated mice did not
show any abnormal physiological and biochemical parameters that a
reduction in body weight, caloric intake and therefore reduced blood

Fig. 4. Survival rate and toxicology parameters in third generation patient-derived orthotopic xenograft glioma bearing nude mice after treatment with FLVM and FLVZ. (A) Kaplan-
Meier survival analysis. Groups of male nude mice were implanted in the brain with 3rd generation patient-derived GBM tumor and then dosed through oral route with control-vehicle,
control-IL17A, anti-IL17AmAB, FLVM and FLVZ. The mice were started to treat at 2 weeks of glioma model. Treatment was continued till 35 days. (B) Summary of the survival analysis.
No toxicological effect of the compounds were found after treatment. (C) Percent weight of mice during treatment of FLVM and FLVZ. Weight was recorded daily. Control-vehicle with
normal supply of food and cutting down of food (about 3% decreased amount daily) was studied (data not shown). Control-IL17A and control-vehicle were used to compare with treated
group. (D) Percent calorie of mice. (E) Blood general chemistry parameters after treatment. (F) Liver enzymes after treatment of mice. (G) Protein status of the mice. (H) Renal function
parameters of mice. (I) RBC count after treatment. (J) Immune cells count after treatment. Bars represent the value as mean ± S.E.M. of 10 animals per group. Asterisk represents the p
value as *P < 0.05, **P < 0.01, ***P < 0.0001 as significant value.
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glucose and insulin level caused a reduction in tumor growth. Likewise,
the mice also, showed normal health status similar to control-vehicle
assessed from the hematology, iron and protein status (Fig. 3G–L).

Treatment with FLVM and FLVZ resulted the statistically long
survival in orthotopic model in compared to control-vehicle and
control-IL17A (P < 0.0001) (Fig. 4A). At day 21, 100% of the animals
were survived and at day 35, 80% of the animals were survived
(Fig. 4B). Percent weight and calorie loss were also obtained in
orthotopic model after treatment. The sodium, potassium, chloride,
liver functional proteins such as ALP, AST, ALT, GGT and albumin,
globulin, renal functional markers, RBC, WBC and platelets were not
affected in this model (Fig. 4E–J). Importantly, FLVM and FLVZ might
have immunotherapeutic kind of effect (due to inhibition of inflam-
matory cytokines) leading to long-term survival of animals. We did not
find any abnormal psychopharmacological activity after treatment of

FLVM and FLVZ while high fat diet (control-vehicle) and IL17A
supplemented mice (control-IL17A and treated groups) showed 2-fold
more glucose, leptin, lipoprotein lipase (LPL), tryglyceride (TG), free
fatty acid (FFA) and insulin level, and slow movement (Fig. 5A–I).

Tumor volume was assessed by FMT imaging after treatment with
FLVM and anti-IL17A mAB in orthotopic xenograft mice. Tumor
volume was found as 126 mm3 and 161 mm3 for FLVM and anti-
IL17A mAB (P < 0.001), respectively. The fluorescence intensities
(Fig. 6A–E) and H&E whole brain tissues sections showed the
observed antitumor efficacy of FLVM (Fig. 6F–G).

We determined the blood vessel density using CD34 and cell
proliferation marker using Ki67 at post-treatment. The percentage of
CD34 and Ki67 positive cells were quantified using ImmunoRatio
software (Fig. 7) (Tuominen et al., 2010). We observed the 36.71%,
37.80% and 19.70% less neovascularization and 18.30%, 12.90%, and

Fig. 5. Analysis of adipogenesis parameters and psychopharmacological activity after treatment with FLVM and FLVZ alone, in third generation co-culture U87+DBTRG ectotopic
glioma model. (A) cumulative food intake. (B) Fat mass gain in brain tissue. (C) Percent calorie. (D) Blood glucose level. Glucose utilization rate in adipose tissue. (E) brown adipose
tissue. (F) white adipose tissue (G) Brain. (H) IL17A concentration in tissues. (I) Insulin, leptin and other fat enzymes were determined. (J) Ambulatory activity in mice. (K) adipogenic/
angiogenic cell cluster in mice epididymal fat pad. Hoecht stain (blue) is shown for fat cells and bodipy (red) for blood vessels. Fat mass was determined by NMR analysis. Bars represent
the value as mean ± S.E.M. of 10 animals per group. Asterisk represents the p value as *P < 0.05, **P < 0.01, ***P < 0.0001 as significant value. (For interpretation of the references to
color in this figure legend, the reader is referred to the web version of this article.)
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Fig. 6. Glioma tumor volume (representative animals after 35 days of intracerebral implantation of third generation patient-derived GBM) in orthotopic xenograft model after
treatment. FMT imaging of glioma-bearing mice which were either (A) control-vehicle, (B) control-IL17A or treated with (C) anti-IL17A and (D) FLVM (oral administration via gavazing,
n=10). Cells were transfected with the IL17A and third generation tumor was developed for implantation. FMT was conducted on live animals after 24 h of injection of angiosense
imaging agent. (E) The histogram shows the volume of tumor in the brain. (F) H&E tissue section of whole brain of orthotopic xenograft mice showed the presence of tumor. Totally
regressed tumor was found after treatment with FLVM (evaluated after 35 days of treatment). (G) The histogram shows the volume of tumor in the brain sections. The significant
difference in mean FMT intensities and tumor volume in section was obtained when comparing control-IL17A and treated group with FLVM and anti-IL17A. Bars represent the value as
mean ± S.E.M. of 10 animals per group. Asterisk represents the p value as *P < 0.05, **P < 0.01, ***P < 0.0001 as significant value.
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15.80% of low cell proliferation in treated tumor sections in compared
to control-vehicle and control-IL17A (Fig. 7). In particular, control-
IL17A showed higher vessels and proliferation than control-vehicle.
The H&E tissue section showed highly differentiated (cytoplasm and
nucleus ratio) in the control compared to treated mice (Fig. 7). These
data represented the significantly shrunken tumor volume after treat-
ment with anti-IL17A mAB, FLVM and FLVZ. The data of control-
vehicle and control-diet (cutting down food daily) were identical (data
not shown).

3.2. FLVM inhibits IL17A mediated homeostasis, adipogenesis/
angiogenesis clusters and fat enzymes in ectotopic GBM model

The effects of FLVM and FLVZ were analyzed to assess the
antiadipogenic activity. The weight and calorie loss of the treated
tumor bearing mice were the potential findings to assess the anti-
adipogenic activity. The IL17A and VEGF antibodies were adminis-
tered (I.P.) in tumor bearing mice for 4 weeks to examine the inhibitory
extent of the adipogenesis and angiogenesis of the compounds. The
cumulative food intake of tumor bearing mice was assessed. The

Fig. 7. Immunohistochemical analysis and representative tumor of third generation co-culture U87+DBTRG ectotopic xenograft glioma. (A) Hematoxylin and eosin (H&E)-stained
representative sections (purple, nuclei; pink, cytoplasm) (top row), CD34 (middle row) and Ki67 (bottom row) stained (brown, blood vessels; purple, nuclei) of ectotopic glioblastoma.
Photomicrographs showed the significantly larger ratio of nucleus, blood vessels and proliferation in the control-vehicle and control-IL17A group than treated group (captured at 40X,
scale bar 20 µm). (B) Histogram shows the CD34 and Ki67 positive cells (%). (C) Representative tumor obtained from third generation ectotopic glioma models: (i) FLVM, (ii) FLVZ, (iii)
control anti-IL17A, (iv) control-vehicle, and (v) control-IL17A. Bars represent the value as mean ± S.E.M. of 10 animals per group. Asterisk represents the p value as *P < 0.05, **P <
0.01, ***P < 0.0001 as significant value. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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control-IL17A mice took higher amount food than control-vehicle
(Fig. 5A). During treatment (FLVM and FLVZ alone, not combination),
mice tended to take little amount of food (67–78 g) (Fig. 5-A). The fat
mass was measured in the peripheral organ of brain and found reduced
fat mass (0.12–0.21 g) (Fig. 5B) after treatment. Mice daily body
weight and calorie intake were measured which showed calorie
reduction (92% to 90%) and weight loss (83% to 79%) (data not
presented) compared to control-vehicle significantly in non-tumor
bearing mice (Fig. 5C). The weight and calorie loss effect suggested
the geronotological (calorie restriction effect is termed as “gerontology”
that reduce calorie intake without incurring malnutrition) activity of
the FLVM and FLVZ. As a result, weight and calorie loss cannot affect
other blood-biochemistry indices (Civitarese et al., 2007; Dube et al.,
2008; Larson-Meyer et al., 2008; Timmers et al., 2011). The FLVM and
FLVZ mimic the effects of calorie restriction and/or endurance train-
ing. Glucose level in plasma (Fig. 5A–D) and glucose utilization index
in brown adipose tissue (BAT) (Fig. 5E), white adipose tissue (WAT)
(Fig. 5F), and in brain tissue (Fig. 5G) was assessed wherein lower
utilization was determined after treatment. The blood glucose level was
decreased at 3.2 moml/l to 2.8 mmol/l. The glucose utilization was
decreased at 3.5 ng/min/mg to 5 ng/min/mg, 18 ng/min/mg to 31 ng/
min/mg and 0.44 ng/min/mg to 0.35 ng/min/mg in BAT, WAT and

brain tissue, respectively. Significantly increased tissue level of IL17A
in plasma (115 pg/ml), brain (82 pg/ml) and adipocytes (219 pg/ml)
was determined and found less in compared to anti-IL17A (plasma:
25 pg/ml, brain: 21 pg/ml, adipocytes 32 pg/ml) and IL17A inhibitor
(plasma: 18 pg/ml, brain 15 pg/ml, adipocytes 27 pg/ml for FLVM;
plasma: 12 pg/ml, brain 6 pg/ml, adipocytes 29 pg/ml for FLVZ)
treated mice (Fig. 5H). IL17A, anti-IL17AmAB, FLVM and FLVZ
resulted differential changes of insulin, leptin, glucose, triglyceride
(TG), lipoprotein lipase (LPL), free fatty acid (FFA) in tumor bearing
mice (Fig. 5I). In addition, mice were assessed to determine any
psychological abnormalities. Anti-IL17A and IL17A inhibitors (at the
dose of 50 mg/kg) did not produce any significant problem on total
ambulation, central ambulation, and emotional defecation except the
standing behavior (Fig. 5J). The ambulation was significantly affected
by the IL17A inhibitor (FLVM, FLVZ at the dose of 300 mg/kg) that
might be due to high direct effect in the central or peripheral nervous
system. Brain Glucose and leptin metabolism was directly influenced as
the modulator of adipogenesis in mice.

The weight gain of the normal control-vehicle group was lower than
control-IL17A and control-VEGF group. This effect was found in the
epididymal fat pads of tumor bearing mice. Additionally, we have
observed the markedly inhibition of the adipocytes and blood vessel

Fig. 8. Analysis of inflammatory, apoptotic and angiogenic cancer bio-markers after treatment of FLVM and FLVZ in mouse plasma of third generation glioma model (FLVZ was not
screened for inflammatory and apoptotic bio-markers). (A) Inflammatory array in orthotopic glioma model. (B) Apoptotic array in orthotopic glioma model. (C) Angiogenic array in
orthotopic glioma model. Heatmap was presented using fold up- and down-regulation of the proteins and the color key showed the value of fold regulation. Fold change was calculated as
the ratio of sample and control data. (D) Western immunoblot of FLVM and FLVZ. In third generation ectotopic glioma model. (E) Level of IL17A in transfected and non-transfected co-
cultured U87+DBTRG spheroid (data not shown for patient-derived glioma). Array was conducted in tumor bearing mice plasma and western immunoblot was conducted in
U87+DBTRG glioma tissue. (F) No effect was found on IL17AR expression after treatment. It revealed the compounds efficacy against IL17A. Bars represent the value as mean ± S.E.M.
of 10 animals per group. Asterisk represents the p value as *P < 0.05, **P < 0.01, ***P < 0.0001 as significant value.
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formation in fat pads (Fig. 5K). The numbers of adipogenic/angiogenic
cell clusters of the FLVM and FLVZ treated mice were 2 and 4 cells
clusters/Ipf, respectively. The colocalization of vessels and accumula-
tion of adipocytes were significantly affected after treatment. The
metabolic energy of the tumor was then suffered due to this effect
because the calorie was restricted due to compounds effect on fat
burning. Further, IL17A was found as downregulation condition that
may cause this effect. The inhibition of adipogenesis and angiogenesis
provided poor nutrient enrichment into the tumor microenvironment.

3.3. No additive toxicity was found after treatment of FLVM and FVZ,
alone in tumor bearing and non-tumor bearing mice

To determine the inhibitory efficacy of IL17A, high fat diet supplied
athemic nude mice were administered with 12 ng/ml (I.P. once daily)
of IL17A and 50 mg/kg (oral, once daily) of FLVM and FLVZ alone, for
the analysis of functional biochemical and physiological parameters.

Fig. 9. Inflammatory protein network analysis in third generation patient-derived glioma bearing mice after treatment of FLVM. Network shows the upstream and downstream proteins
which one control other one. Network was constructed using pathway commons after loading of probe proteins and fold change data. Fold change was calculated as the ratio of sample
and control data. Blue indicates downregulation and red denotes upreulation. White shows neutral role of protein activity. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.)

Fig. 10. Angiogenesis protein network analysis in third generation patient-derived
glioma bearing mice after treatment of FLVM. Network shows the upstream and
downstream proteins which one control other one. Network was constructed using
pathway commons after loading of probe proteins and fold change data. Fold change was
calculated as the ratio of sample and control data. Blue indicates downregulation and red
denots upreulation. White shows neutral role of protein activity. (For interpretation of
the references to color in this figure legend, the reader is referred to the web version of
this article.)

Fig. 11. Angiogenesis protein network analysis in third generation patient-derived
glioma bearing mice after treatment of FLVZ. Network shows the upstream and
downstream proteins which one control other one. Network was constructed using
pathway commons after loading of probe proteins and fold change data. Fold change was
calculated as the ratio of sample and control data. Blue indicates downregulation and red
denots upreulation. White shows neutral role of protein activity. (For interpretation of
the references to color in this figure legend, the reader is referred to the web version of
this article.)
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The pharmacokinetic data of the compounds was shown the Cmax of
14.5 µg/ml, and T1/2 at 4 h (Fig. 1). The new derivatives showed
significantly similar hematology, serum iron and protein status of the
treated mice related to control tumor bearing (data shown in Fig. 3E–
L) and non-tumor bearing mice (Supplementary Table S1).
Hyperexcitation, and abnormal gait, abnormal chewing, tremors,
muscle fasciculations, difficulty in breathing, profuse secretions, hy-
persalivation, loss of motor coordination, intense convulsions were not
observed. Animals did not exhibit signs of clinical toxicity in non-tumor
bearing mice. Complete blood count and blood biochemistry were
evaluated in tumor bearing and non-tumor bearing mice after treat-
ment. The administration of anti-IL17A mAB, FLVM and FLVZ did not
enhance hematological toxicity in tumor bearing and non-tumor
bearing mice (P < 0.0001) (Supplementary Table S1). The RBC, WBC
and platelets were normal with minor changes. No measurable changes
were found in the biochemical parameters. We did not find any safety
related incidence in animals after treatment and observed LD50 was
≥500 mg/kg.

3.4. FLVM and FLVZ showed multi targeted antiglioblastoma efficacy

We examined the inflammatory, apoptosis and angiogenesis anti-
body array consisting of 119 caner bio-markers in tumor bearing mice
plasma. As expected for anti-inflammatory inhibition, FLVM inhibited
the expression of the following cytokines of IL17A, IL6, IL12, IL13, IL-

10, IL-1, TNFα and I-309 significantly after treatment (Fig. 8A). The
FLVZ was not included in the inflammatory analysis but apoptosis and
angiogenesis protein array analysis. The apoptotic bio-markers of Bax,
caspase and FasL were upregulated after treatment (Fig. 8B). This was
surprising given that FLVM may require inactive confirmation of the
cytokines for potent interaction. The IL17A inhibitor (i.e. FLVM,
FLVZ) showed differential expression of the angiogenic bio-markers
of angiopoietin-1, angiopoietin-2, endostatin, MMP, PECAM-1, Tie-2,
and VEGFR2 ( > 2 fold downregulation) representing multi-targeted
anti-angiogenic efficacy (Fig. 8C). The western immunoblot showed the
inhibition of IL17A, HIF1α and VEGF phosphorylation after treatment
with FLVM and FLVZ in tumor bearing mice (ectotopic U87+DBTRG
glioma) (Fig. 8D). The presence of IL17A in nude mice was confirmed
by ELISA assay after transfection of IL17A (Fig. 8E). The western blot
data also showed that IL17AR was not affected after treatment with
FLVM and FLVZ (Fig. 8F). The mechanism of the IL17A inhibitors
(FLVM, FLVZ) in the oncogenic signaling pathways was constructed in
the pathwayCommon networks to visualize the affected signals (color
description, red: upregulation, blue: downregulation) (Figs. 9–12).
GSEA preranked program was used to analyze the affected cancer
pathways after treatment. We found that hemostasis, angiopoietin
receptor, vascular wall, Jak/Stat signaling, inflammatory, death recep-
tor, alzheimers disease, Fas, Caspase, and Hypoxia pathways were
affected. The pathway graph is shown in the Fig. 13.

4. Discussion

4.1. FLVM inhibited glioblastoma in-vivo through targeting IL17A,
VEGF and HIF1α

Despite the enormous discovery of cancer therapies, cancer is still
growing regardless. It has been identified that the cancer therapy is
ineffective due to not studying the efficacy of the therapy in highly
infiltrative bio-markers and patient derived glioma tumor model. The
utilization of heterotransplant model would be a great potential to
determine the antit-GBM efficacy of new drugs to show their effect
through inhibiting the phenotypic behavior of cancer biomarkers of
tumor generations (Strojnik et al., 2006). In addition, U87 and DBTRG
gliomas have non-diffusive infiltrative growth pattern, profused neo-
vascularization, irregular nucleoli, mitotic figures and are easy to co-
culture (Valerie et al., 2011). Moreover, the co-culture cell line and
patient-derived glioma model can simulate the human GBM like
changes in sensitivity to anti-neoplastic drugs.

In the present study, we assessed the glioblastoma inhibitory
potential of FLVM and FLVM via targeting IL17A mediated angiogen-
esis and adipogenesis. Pro-inflammatory cytokines in homeostasis
process and glioblastoma are of paramount importance. We exempli-
fied that the FLVM and FLVZ inhibited the glioblastoma through
targeting IL17A, VEGF and HIF1α. It might be crucial to control VEGF,
leptin, LPL and glucose metabolism for the treatment of glioblastoma.
In this study, we developed third generation co-cultured U87+DBTRG
cell line and patient-derived glioma model to mimic the heterogenic
feature of human glioblastoma in nude mice that might reveal the
human GBM (Valerie et al., 2011). The aged nude mice were used
because T-cells can be matured at this stage and produce IL17A in the
body to induce the glioblastoma progression (Hunig and Bevan, 1980;
Tartour et al., 1999; Wainwright et al., 2010). In addition, we used
IL17A transfected glioma cells as a source of IL17A in glioblastoma
progression. The inhibition of tumor growth was observed for 30 days
in mice. Here, we showed the effect of FLVM and FLVZ on the
inoculation of third generation co-cultured cell line and third genera-
tion patient-derived tumor model. The reduction of tumor volume was
readily observed with significant prevention of tumor after 30 days
treatment. We observed significantly increased survival rate of tumor
bearing mice after treatment of RA derivatives in compared to control
group. We determined the anti-GBM efficacy of FLVM and FLVZ in

Fig. 12. Apoptotic protein network analysis in third generation patient-derived glioma
bearing mice after treatment of FLVM. Network shows the upstream and downstream
proteins which one control other one. Network was constructed using pathway commons
after loading of probe proteins and fold change data. Fold change was calculated as the
ratio of sample and control data. Blue indicates downregulation and red denotes
upreulation. White shows neutral role of protein activity. (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of this
article.)
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glioma bearing mice. We found that inhibition of IL17A and HIF1α
could regulate the glucose and calorie in mice. IL17A signaling
increased the glioblastoma progression (Zuniga et al., 2010) through
weight and calorie gain in control-vehicle and control-IL17A group
(Fig. 3C–F). The reason of weight and calorie gain in mice due to
increasing of adipocytes and angiogenesis through oxidation of fat
(Byung et al., 2015; Silvennoinen et al., 2013). Here, we reported the
inhibition of glioblastoma by reducing the expression of IL17A, VEGF,
and HIF1α after treatment with FLVM and FLVZ. These cytokines were
targeted by FLVM and FLVZ that was the reason of inhibition of
calorie, adipocytes and angiogenesis. FLVM and FLVZ modulated the
nutrient partitioning toward cutting down the adipocyte storage by
reducing the glucose, triglyceride, angiogenesis and fat oxidation. This
activity of FLVM and FLVZ resulted a significant weight and calorie
loss in mice (Fig. 3C, D). On the other hand, the iron and protein status
of mice were in normal range after treatment. The result suggested that
weight and calorie loss did not affect the iron and protein status of the
mice (Civitarese et al., 2007; Dube et al., 2008; Larson-Meyer et al.,
2008).

The growth of glioblastoma was significantly inhibited in compared
to control after treatment. This implies that the inhibition of IL17A and
adipogenesis might decrease the high glucose metabolism and adipo-
cytes in the brain (Fig. 5B). It appears that in order to achieve this
mechanism, increased level of fat storage enzyme (i.e. LPL) and pro-
inflammatory cytokines are required to control the CNS homeostasis
mediated adipogenesis. In line with this, we observed that FLVM and
FLVZ significantly controlled the glucose metabolism in brain, blood
and tumor (Fig. 5E–G). Further, adipocytes and blood vessel inhibition
might have effect in reduction of glioblastoma growth (Laurence et al.,
1990; Boutwell et al., 1949). We found significantly pro-angiogenic
effect in control-IL17A group wherein growth of glioblastoma was 2
fold more than the control-vehicle group (Fig. 3C-D). On the other
hand, anti-IL17A mAB significantly reduced the glioblastoma growth.
We speculate that IL17A might modulate the neuroendocrine factors to
increase adipocytes in mice brain and other peripheral organs to
mediate the glioblastoma progression (Murphy et al., 2010; Chabot

et al., 2002; Yu et al., 2013). In addition, simultaneous progression of
glioblastoma, adipogenesis and angiogenesis are influenced by envir-
onment, diet and thermogenesis (Kamal et al., 2011). The result
suggests that IL17A could work in hypothalamus to induce peripheral
glucose and adipocyte metabolism, fat enzymes, and peripheral organ
fat (Harley et al., 2014) which might increase the angiogenic VEGF,
VEGFR2, IL6, and TNFα signaling activity to induce the glioblastoma
(Strojnik et al., 2006; Murphy et al., 2010) (Figs. 3–6 and Fig. 8). The
modulation of angiognic signaling might be due to upstream chaperon
protein HSP90 signaling through IL17A (Strojnik et al., 2006). We
found that IL6 and HIF1α were downregulated more than 2 folds in
compared to control. This markedly decreased expression was not
observed in the lean mice. The glioblastoma bearing mice weight was
> 34 g than the lean mice with < 20 g. It was clear from our data that,
IL17A and VEGF increased the weight and calorie intake through
induction of adipocytes and angiogenesis in mice in compared to
control-vehicle (Stewart et al., 2006; Tzartos et al., 2008). The glucose
level was impaired in brain, blood and fat tissues which was an evident
of irregular homeostasis process in control-IL17A group (Fig. 5D–G.).
The result showed glioblastoma inhibitory potential of FLVM and FLVZ
via targeting IL17A mediated angiogenesis and adipogenesis in the
glioma model with significant survival rate and safety. The present
study was shown the anti-GBM potential of novel IL17A inhibitor
which could be warranted to determine their clinical efficacy in future
studies.
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