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Abstract

Obesity presents a significant challenge in managing patients with
craniopharyngioma (CP). Cyst fluid (CF), rich in inflammatory mediators,
is implicated in CP-related obesity, though the precise mechanism remains
unclear. This study investigated the impact of CF or C-X-C motif chemokine
ligand-1 (CXCL1) injections on body weight, Lee index, plasma lipid profiles,
hepatic lipid accumulation, leptin levels, NF-xB pathway, the suppressor
of cytokine signaling 3 (SOCS3) expression, and leptin sensitivity in rats.
Bioinformatics was employed to identify differentially expressed genes (DEGs)
between CF/CXCL1-treated and control SY5Y cells, as well as to confirm
enriched pathways. Western blotting was used for experimental validation,
including the effects of sodium salicylate (SS) on leptin sensitivity in SY5Y
cells. Injecting CF or CXCL1 into the brain, without hypothalamic damage, led
to increased body weight, Lee index, and hepatic lipid accumulation in rats,
alongside elevated fasting blood glucose, triglycerides, and total cholesterol,
while high-density lipoprotein cholesterol levels decreased. Additionally, CF
and CXCL1 could induce elevated leptin levels, a higher leptin-to-body weight
ratio, and resistance to exogenous leptin by activating the NF-kB pathway and
upregulating the expression of SOCS3 in rats. Further validation confirmed
that CF and CXCLI1 suppress leptin signaling by activating the NF-kB pathway
and upregulating SOCS3. Moreover, SS mitigated the inhibitory effects of CF
or CXCL1 on leptin signaling, preserving leptin sensitivity in SY5Y cells. These
results highlight the obesogenic role of CF and CXCL1, offering insights into
the development of morbid obesity through inflammatory factor-mediated

Abbreviations: BP, biological processes; CC, cellular components; CF, cyst fluid; CP, craniopharyngioma; CXCL1, C-X-C motif chemokine ligand-1;
DEGs, expressed genes; ELISA, enzyme-linked immunosorbent assay; FBG, fasting blood glucose; FC, fold change; GO, gene ontology; HDL,
high-density lipoprotein cholesterol; HI, hypothalamic involvement; KEGG, Kyoto encyclopedia of genes and genomes; MF, molecular function;
NF-kB, nuclear factor kappa B; SD, standard deviation; SOCS3, suppressor of cytokine signaling 3; SS, sodium salicylate; STAT3, signal transducer
and activator of transcription 3; TC, total cholesterol; TG, triglycerides.
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1 | INTRODUCTION
Craniopharyngioma (CP) is an uncommon intracranial
neoplasm characterized by benign histopathology (WHO
I), yet it exhibits aggressive behavior." Its proximity to
and invasion of critical adjacent structures often results
in significant functional impairment, leading to a high
prevalence of long-term morbidities such as endocrine
dysfunction,” psychiatric disorders,> and morbid obesity.*
Morbid obesity in patients with CP substantially di-
minishes quality of life and exacerbates the risk of met-
abolic disorders, including cardiovascular disease, type II
diabetes mellitus, and nonalcoholic fatty liver disease.>”’
Additionally, obesity in this population is notably resis-
tant to conventional treatments,’ complicating the man-
agement of its prevalence. The hypothalamic nuclei play a
pivotal role in regulating energy balance, as evidenced by
extensive research demonstrating that hypothalamic dam-
age induces obesity in rodent models and patients with
sellar tumors.’ ™! However, hyperphagia and obesity occur
in a significant proportion (over 50%) of patients with CP
without hypothalamic involvement (HI) or third ventricle
floor abnormalities,'® suggesting that mechanisms beyond
hypothalamic damage may contribute to obesity in CP.
The hypothalamus orchestrates energy expenditure and
feeding behavior by detecting peripheral metabolic sig-
nals." Leptin, a key metabolic regulator, acts on hypotha-
lamic nuclei to suppress food intake and promote energy
expenditure." Disruption of leptin signaling, commonly
seen as leptin resistance, destabilizes energy homeosta-
sis and body composition.'*'® In line with previous find-
ings,'®"#' our study also identified hyperleptinemia in
patients with CP, indicative of leptin resistance.** Various
factors, including inflammatory mediators, are implicated
in leptin resistance,® with evidence showing that these
mediators contribute to its pathogenesis.** Notably, two
independent studies revealed that CP cyst fluid (CF), rich
in inflammatory mediators, plays a role in obesity devel-
opment.25 26 Furthermore, in one of our studies, a positive
correlation was observed between C-X-C motif chemok-
ine ligand-1 (CXCL1) mRNA expression and leptin levels,
and CXCL1 was associated with significant weight gain
and new-onset obesity in patients with CP.*’ These results

leptin resistance, independent of hypothalamic damage. SS may serve as a
promising therapeutic approach for CP-associated obesity, though additional
clinical studies are necessary to confirm its efficacy.

craniopharyngioma, inflammatory mediator, leptin resistance, NF-kB pathway, obesity, SOCS3

suggest that inflammatory mediators, particularly CXCL1,
in CF may promote morbid obesity in patients with CP by
inducing leptin resistance in hypothalamic neurons.

Building on this, this study aims to investigate the
obesogenic effects of CF and CXCL1 and to elucidate the
role of leptin resistance in morbid obesity. Sodium sa-
licylate (SS), a known COX inhibitor, has demonstrated
anti-inflammatory effects on adipose tissue and improved
insulin sensitivity in both animal models and obese indi-
viduals.?®* However, whether SS ameliorates leptin resis-
tance remains unclear. Therefore, this study explores the
potential of SS to mitigate CF- or CXCL1-induced leptin
resistance.

2 | MATERIALS AND METHODS

21 | Cystfluid collection

The study design was approved by the Ethics Committee
of Beijing Tiantan Hospital, and informed consent was
obtained from all patients or their guardians for the use
of CF in research. CF was collected from four patients
diagnosed with adamantinomatous craniopharyngioma
during tumor resection using syringes, ensuring no blood
contamination. The pooled CF was subsequently stored at
—80°C until used in animal experiments. We confirmed a
pronounced pro-inflammatory cytokine profile within CF
compared to cerebrospinal fluid by the ELISA test (date
was not shown).

2.2 | Animal groups and interventions

The animal experimental protocol received approval from
the Ethical Committee of Experimental Animals at the
Beijing Neurosurgery Institute. Young male Sprague-
Dawley rats (6weeks of age, body weight ranges from
160 to 180g), sourced from Charles River Laboratories,
were housed in a controlled environment with regu-
lated temperature, humidity, and a 12-h light-dark cycle.
Throughout the study, the rats were given unrestricted
access to water and a standard Chow diet. Experimental
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interventions began 1week after their acclimatization to
the animal care facility.

The rats were randomly divided into four groups:
control (n=6), sham (n=6), CF (n=6), and CXCL1
(n=6). The control group did not undergo stereotactic
surgery, while the sham, CF, and CXCL1 groups under-
went stereotactic surgery for implantation of an osmotic
minipump (Alzet, model 2006, Durect Cupertino, CA,
USA) containing sterile saline, CF, or CXCL1 (10 pg/mL,
Peprotech, Inc.), respectively. Tena-Suck et al.*® reported
that syringe insertion and CF are capable of inducing
brain tissue damage. Therefore, we implant the osmotic
minipump allowing the substances to enter the lateral
ventricle slowly, to reduce the hypothalamic damage
caused by syring insertion or acute inflammation caused
by a high dose of CF. Avoiding hypothalamic damage is
critical for confirming the independent obesogenic role
of CF and CXCL1 in CP. Thus, we implanted an osmotic
minipump allowing CF into the lateral ventricle slowly
and chose the lateral ventricle rather than the hypothal-
amus as the insertion site. The implantation procedure
followed the established protocol.® In brief, anesthe-
sia was induced via intraperitoneal injection of sodium
pentobarbital (25mg/kg), and the anesthetized rats
were positioned in a stereotaxic apparatus (David Kopf
Instruments, Tujunga, CA, USA). The pump was placed
in a subcutaneous dorsal pocket and connected to a brain
infusion cannula via a vinyl catheter (Alzet brain infu-
sion kit 2, Durect Cupertino, CA, USA). Each cannula
was implanted into the left lateral ventricle at coordinates
relative to bregma (—0.8 mm anteroposterior; —1.3 mm
lateral; —4.5mm vertical from dura) and secured with
dental cement.’® We take steps (details were shown in
Supplementary Material 1) to reduce severe side effects,
such as fever, epilepsy attack, acute hydrocephalus, and
death, in experimental rats following stereotactic surgery
and improve the success rate of the animal model, in-
cluding choosing healthy rats, precise and gentle surgi-
cal techniques, a sterile environment, proper anesthesia,
accurate targeting, and providing 1-week postoperative
care. In the present animal experiment, a single rat ex-
hibited a mild fever persisting for 2 days postsurgery, and
the rat's body temperature normalized following the ad-
ministration of antibiotics.

After 4weeks postsurgery, body weight and nose-to-
anus length were recorded to calculate the Lee index, a
reliable measure of obesity in rodents analogous to the
human body mass index.** Blood samples were collected
from the medial canthus using a heparinized capillary
tube under anesthesia; Subsequently, euthanasia was per-
formed to facilitate the collection of liver and brain tis-
sues. The Lee index is calculated by dividing the cube root
of body weight (in grams) by the length (in centimeters).*!

;'IC-ASEBJournaI

An overview of the experimental design is provided in
Figure 1A.

2.3 | Levels of leptin, blood glucose, and
blood lipids measurement

Each blood sample was collected in a heparinized
Eppendorf tube and maintained at 4°C for 1 h before cen-
trifugation at 5000 rpm for 10 min. The resulting plasma
was then transferred to a freezer and stored at —80°C for
subsequent analyses. Leptin and blood lipid levels, includ-
ing triglycerides (TG), total cholesterol (TC), and high-
density lipoprotein cholesterol (HDL), were measured
using enzyme-linked immunosorbent assay (ELISA) kits
from Gelatins Biological Reagent Co., LTD (GLC8776,
GLC1435, GLC-A10116, GLC-A10126). Fasting blood glu-
cose (FBG) was determined using a glucose assay kit with
O-toluidine from Beyotime Biotechnology (Catalog No.
S02018S, Shanghai, China).

2.4 | Lipid accumulation in the liver

Liver weights were recorded for each rat, and liver sam-
ples were stored at —80°C for further analysis. Lipid
droplets in the liver were quantified through oil red O
staining, following established protocols.’® Fresh liver
tissues were embedded in an optimal cutting tempera-
ture compound (Fisher Healthcare, Houston, TX), sec-
tioned at 10 pm thickness on a cryostat, and fixed in 4%
paraformaldehyde (PFA)/PBS for 10min. After rins-
ing with water and 60% isopropanol, the sections were
stained with oil red O (Millipore Sigma, St. Louis, MO)
for 5min, followed by rinsing with water and isopro-
panol. The slides were then mounted with glycerin jelly
containing 7% (w/v) gelatin in a water-glycerol mixture
(50/50).

2.5 | Histological change and impact on
NF-xB pathway in hypothalamic tissue

After the mice were sacrificed, the brain tissue was
collected. The hematoxylin-eosin (H&E) staining was
conducted to reveal histological changes and examine
hypothalamic damage.* First, the brain tissue was pre-
pared into 4 um continuous frozen sections. Then, the
section was stained with hematoxylin for 3 min, rinsed
with tap water for 2min, treated with 1% hydrochlo-
ric acid alcohol for 2s, rinsed with tap water for 2 min,
treated with 1% ammonia water for 20s, stained with
0.5% eosin alcohol for 10s, dehydrated with alcohol
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FIGURE 1 (A) Overview of the animal experiments; (B) Body weight of rats after 4 weeks of stereotactic surgery; (C) Lee index of rats
after 4weeks of stereotactic surgery. Data are expressed as mean + standard deviation. ns, no significance; **p <.01; ***p <.001.

gradient, transparentized with xylene, and sealed with
neutral resin. Finally, pathological changes in the brain
were observed under a light microscope. Western blot-
ting (WB) was conducted to detect the NF-kB signal
pathway and downstream expression of SOCS3 in hy-
pothalamic tissue samples. The specific methodology
employed for this procedure is comprehensively de-
tailed in the section dedicated to WB. Additionally, the
reverse-transcription quantitative polymerase chain re-
action (RT-qPCR) was adopted to examine the expres-
sion of SOCS3 from the sample of hypothalamic tissue
of each group. The detail was described in our previous
studies.?>?’ Briefly, total RNA was extracted from the
samples using a Steadypure universal RNA extraction
kit (Accurate Biotechnology, Hunan, China, Cat No.
AG21017). The sequences of the SOCS3 primer used were
5'-GCCTCAAGACCTTCAGCTCCAAG-3’ (forward) and
5'-CGGTTACGGCACTCCAGTAGAATC-3' (reverse).>*
SYBR Green qPCR Mix (Biosharp Biotechnology,
BL698A) was used to perform qPCR on QuantStudio
5 RealTime PCR System following the manufacturer's
protocol. The housekeeping gene GAPDH was used for
normalization. The relative mRNA expression was de-
termined using the 27**“T method and was expressed as
log2 (X+1).

2.6 | Leptin sensitivity test

To assess whether CF or CXCL1 induces leptin re-
sistance, a leptin sensitivity test was conducted, as
outlined in Figure 4A. Four weeks poststereotactic
surgery, baseline measurements of food intake, body
weight, and the Lee index were recorded. Starting in
the fifth week, rats received daily intraperitoneal injec-
tions of rat leptin (150 pg/kg) at 17:00 for three consec-
utive days.*®> Changes in daily food intake, body weight,
and the Lee index were monitored throughout the fifth
week.

2.7 | Cell culture and leptin receptor
overexpression

Human neuroblastoma SYS5Y cells, which closely resemble
neurons, have been widely used to study the mechanisms
of leptin resistance.***” In this study, SY5Y cells were cho-
sen as a substitute for hypothalamic neurons, which lack
passage characteristics, to reduce variability in obtaining
primary neurons from different rats. SY5Y cells (CL-0208),
generously provided by Procell Life Science & Technology
Co., Ltd., were cultured in Dulbecco's modified Eagle's
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medium with 10% (v/v) heat-inactivated fetal calf serum
at 37°C in a humidified incubator containing 5% CO, and
95% air. Following the manufacturer's protocol, Lip2000
Transfection Reagent (Biosharp Biotechnology) was used
to transfect the human leptin receptor construct into SY5Y
cells, and stable transfectants were selected using G418
antibiotic.>® As a result, the SY5Y cells used in subsequent
experiments stably overexpressed the leptin receptor.

2.8 | Bioinformatic analysis

A bioinformatic analysis was conducted to examine
the effects of CF and chemokine CXCL1 on biological
processes and pathway activation. Initially, SY5Y cells
were pretreated with sterile saline (5pL/mL), CF (5uL/
mL), or CXCL1 (100 ng/mL) for 4h. Nine samples were
then collected, consisting of three control group sam-
ples treated with saline, three CF group samples treated
with CF, and three CXCL1 group samples treated with
CXCL1. The cells were washed with ice-cold PBS be-
fore RNA extraction, followed by the alignment of se-
quencing data to the human reference genome (hg38).
Transcript quantification was normalized using tran-
script per million values and log(x+1) transformed.
Further details of RNA extraction and sequencing have
been described in previous work.*® For statistical anal-
ysis, the CF and CXCL1 groups were combined into a
single CF/CXCL1 group. Differentially expressed genes
(DEGS) between the CF/CXCL1 group and the control
group were identified using the “limma” R package,
with significance defined as log2 fold change (FC) >1
and an adjusted p-value <.05. Finally, Gene Ontology
(GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment analyses for the DEGs
were performed using the Database for Annotation,
Visualization, and Integrated Discovery (DAVID; ver-
sion 6.8; https://david.ncifcrf.gov/).

2.9 | Experiment validation

The experiment was divided into four groups: the control
group (SYSY cells cultured under normal conditions),
the leptin group (SYS5Y cells treated with human leptin at
200ng/mL for 2h), the CF group (SYSY cells pretreated
with cystic fluid at 5 pL/mL for 4 h, followed by treatment
with human leptin at 200ng/mL for 2h), and the CXCL1
group (SY5Y cells pretreated with CXCL1 at 100 ng/mL for
4h, followed by treatment with human leptin at 200 ng/
mL for 2h). After these treatments, cells were harvested
for WB analysis.

;'IC-ASEBJournaI

2.10 | Drugintervention

To assess the potential of SS, a nonsteroidal anti-
inflammatory agent, in mitigating the effects of CF and
CXCL1 on leptin resistance, another set of experiments
was performed with four groups: the CF group (cells
pretreated with CF at 5pL/mL for 4h, then exposed to
leptin at 200ng/mL for 2h), the CF+SS group (cells
pretreated with CF at 5pL/mL and SS at 1 pg/mL for 4h,
followed by leptin treatment at 200ng/mL for 2h), the
CXCL1 group (cells pretreated with CXCL1 at 100 ng/mL
for 4h, then treated with leptin at 200 ng/mL for 2h), and
the CXCL1+SS group (cells pretreated with CXCL1 at
100ng/mL and SS at 1pg/mL for 4h, followed by leptin
treatment at 200ng/mL for 2h). After these treatments,
the cells were collected for subsequent WB analysis.

211 | Western blotting

For WB, cells were washed twice with ice-cold PBS and
lysed in RIPA buffer (Beyotime Biotechnology, P0O013B,
Shanghai, China) on ice for 30 min. Following lysis, su-
pernatants were collected after centrifugation at 12000g
for 10min at 4°C. Protein concentrations were determined
using a BCA protein assay kit. Proteins were separated
by 10% SDS-PAGE and transferred onto polyvinylidene
difluoride membranes (IPVH00010, Millipore, Merck,
Billerica, MA, USA). The membranes were subsequently
probed with the indicated primary antibodies and horserad-
ish peroxidase (HRP)-conjugated secondary antibodies, fol-
lowed by detection using an Enhanced Chemiluminescence
Reagent (WBKLS0100, Millipore). The density of protein
bands was quantified using Multi Gauge V 3.1 software,
with results expressed as fold changes relative to the con-
trol group (pretreated with sterile saline), normalized to
B-actin. Phosphorylated STAT3 (Tyr705) and STAT3 an-
tibodies were obtained from Assay Biotechnology, while
phosphorylated IkB Alpha (Ser32/36), IkB Alpha, phos-
phorylated p65, and p65 antibodies were sourced from
Proteintech Group, Inc. SOCS3 antibody was purchased
from Immunoway Biotechnology Company.

2.12 | Statistical methods

For statistical analysis, parametric variables were re-
ported as means with standard deviations (SD) and
evaluated using the Student's t-test. Data analysis was
conducted using IBM Statistical Package for the Social
Sciences (SPSS, version 19.0) and GraphPad Prism
(version 9.0). A paired t-test was employed to assess
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differences in body weight before and after injections.
One-way ANOVA followed by Tukey's or Sidak's post
hoc tests was applied to compare baseline data across
the four experimental groups. Statistical significance
was set at p <.05.

3 | RESULTS

3.1 | Body weight and Lee index in rats
The results of the study concerning body weight and Lee
index across the four experimental groups are shown in
Figure 1B,C. Both the CF and CXCL1 groups demonstrated
significantly higher body weight and Lee index compared
to the control and sham groups. No statistically significant
differences were observed between the sham group
and the control group for these measures. Similarly, no
significant differences in body weight or Lee index were
detected between the CF and CXCL1 groups.

3.2 |
in rats

Leptin and metabolic profiles

Following the 4-week intervention, leptin concentrations
in both the CF and CXCL1 groups were significantly
elevated compared to the control and sham groups
(Figure 2A, all p<.001). The leptin concentration-to-
body weight ratios also showed marked increases in the
CF and CXCL1 groups relative to the control and sham
groups (Figure 2B, all p<.01). Additionally, the CF and
CXCL1 groups exhibited significantly higher levels of
FBG (Figure 2C, all p<.01), TC (Figure 2D, all p<.05),
and TG (Figure 2E, all p <.05), while HDL concentrations
were significantly reduced in these groups compared to
the control and sham groups (Figure 2F, all p <.05).

3.3 | Parameters of the liver of rats

The mean liver weights were 10.01 +£0.87g in the control
group, 10.13+0.77g in the sham group, 20.40+1.08g
in the CF group, and 20.53+1.08g in the CXCL1 group
(Figure 3A). Corresponding liver-to-body weight ra-
tios were 2.98%, 3.00%, 5.04%, and 5.06%, respectively
(Figure 3B). These results indicate significantly higher
liver weights and liver-to-body weight ratios in the CF and
CXCL1 groups compared to the control and sham groups
(Figure 3A,B, all p<.05). Consistently, oil red O staining
revealed substantial hepatic lipid accumulation in the CF
and CXCL1 groups, characterized by larger and more nu-
merous lipid droplets (Figure 3C-E).

3.4 | Impact of CF and CXCL1 on the
NF-kB pathway and expression of SOCS3
in the hypothalamus

Figure S1 presents images of cortical sections stained
using the H&E technique for the four experimental
groups. No significant morphological alterations, such as
pyknosis, neuropil degradation, necrosis, cell shrinkage,
inflammation, vacuolation, and edema, were observed
across these groups. Furthermore, the WB analysis
indicated activation of the NF-xB pathway (Figure 4A-C)
and elevated expression of SOCS3 (Figure 4A,D) in the
CF and CXCLI1 groups. Additionally, an increased level
of SOCS3 mRNA expression was detected in the CF and
CXCL1 groups (Figure 4E).

3.5 | Effect of leptin on food intake, body
weight, and Lee index of four groups

Given leptin's critical role in regulating energy intake,
the study investigated whether CF and the inflammatory
mediator CXCL1 contribute to obesity by altering the
leptin response. A leptin sensitivity test was performed
at the beginning of the fifth week. As expected, leptin
administration produced an anorexigenic effect in the
control and sham groups, evidenced by reduced food
intake (Figure 5B,E), body weight (Figure 5C,F), and Lee
index (Figure 5D,G). In contrast, the CF and CXCL1 groups
displayed diminished sensitivity to leptin, as indicated by
stable food intake (Figure 5B,E), weight gain (Figure 5C,F),
and elevated Lee index values (Figure 5D,G), suggesting
the presence of leptin resistance.

3.6 | Identification of differentially
expressed genes, biological

processes, and pathways associated

with the contribution of CF and CXCL1 to
obesity

As illustrated in Figure S2A, SYSY cells treated with
CF or CXCL1 exhibited 811 DEGs (661 upregulated,
150 downregulated) compared to the control group.
GO and KEGG pathway analyses identified the most
significantly enriched terms. KEGG analysis revealed
that these DEGs in the CF/CXCL1 group were strongly
associated with the NF-kB, TNF, and IL-17 signaling
pathways (Figure S2B). In the biological process (BP)
category, these DEGs were notably enriched in pro-
cesses such as cytokine response, positive regulation of
NIK/NF-kB signaling, and I-xkB kinase/NF-xB signal-
ing (Figure S2C). Additionally, GO analysis indicated
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that these DEGs were linked to terms such as extra-
cellular matrix, membrane raft, CXCR cytokine recep-
tor binding, and structural components of chromatin
(Figure S2D,E).

3.7 | CF and chemokine CXCL1 inhabit
leptin-induced JAK-STAT3 pathway
activation

Based on the KEGG analysis results, it was hypothesized
that CF and CXCL1 induce leptin resistance by
activating the NF-kB pathway, upregulating SOCS3
expression, and consequently inhibiting JAK-STAT3
pathway activation. As shown in Figure 5, leptin
treatment normally activates the JAK-STAT3 pathway,
as evidenced by increased phosphorylated STAT3
levels (Figure 6A,B). However, pretreatment with
CXCL1 and CF significantly reduced leptin signaling

activation (Figure 6A,B) by elevating phosphorylated
p65 (Figure 6A,C), phosphorylated IxB (Figure 6A,D),
and SOCS3 expression (Figure 6A,E).

3.8 | Theimpact of SS
on the activation of NF-kB pathway and
expression of SOCS3

As shown in Figure 5A-E, CF and CXCL1 inhibited
the JAK-STAT3 pathway and induced leptin resist-
ance in SYS5Y cells by activating the NF-xB pathway
and upregulating SOCS3 expression (Figure 6). To as-
sess whether SS could counteract the detrimental ef-
fects of CF and CXCL1 on leptin-induced JAK-STATS3
pathway activation, SY5Y cells were pretreated with
SS. As expected, SS pretreatment resulted in decreased
levels of phosphorylated p65 (Figure 6F,H), phos-
phorylated IkB (Figure 6F,I), and SOCS3 expression
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(Figure 6F,J), thereby reactivating the JAK-STAT3 path- 4 | DISCUSSION

way (Figure 6F,G). These results suggest that SS effec-

tively mitigates the inhibitory effects of CF and CXCL1 CP is classified as a benign tumor with a 5-year sur-
on the JAK-STAT3 pathway and restores leptin sensitiv-  vival rate exceeding 90%. However, survivors, particu-
ity in SY5Y cells (Figure 6F,G). larly pediatric patients, often suffer from significantly
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diminished quality of life due to persistent adverse ef-
fects.®® Among these, weight issues are the most fre-
quently reported by caregivers, with 57.3% of survivors
classified as obese, 29.3% as overweight, and 1.2% as un-
derweight.*’ These weight issues not only contribute to
an increased risk of cardiovascular mortality and lower
self-esteem among survivors but also place additional
burdens on caregivers, reducing their quality of life.>*
Therefore, understanding the specific mechanisms driv-
ing obesity in patients with CP is of paramount clini-
cal importance. Although tumor wall cells possess the
ability to secrete inflammatory mediators,*"** we chose
to utilize CF instead of tumor wall cells in our animal
model. This decision was made to prevent mechanical
damage and the mass effect associated with orthotopic
transplantation on the hypothalamus, as well as to ad-
dress the inadequate concentration of inflammatory
mediators within the central nervous system that re-
sults from ectopic transplantation. Utilizing CF allows
for a targeted examination of the independent effects of
inflammatory mediators on obesity. In this study, the
obesogenic effects of CF and the inflammatory media-
tor CXCL1 were confirmed, supporting the hypothesis
that both contribute to leptin resistance and obesity
by activating the NF-kB pathway and overexpressing
SOCS3. Elucidating the cross-talk between tumors and
the hypothalamus via inflammatory mediator secretion

will deepen our understanding of obesity pathogenesis
in CP.

Over the past few decades, numerous studies have
highlighted the clinical consequences of hypothalamic
damage caused by tumors or their treatments, including
psychosocial disorders, hyperphagia, sleep disturbances,
decreased energy expenditure, and hypopituitarism, all of
which contribute to morbid obesity in patients with CP.**
Consequently, obesity in patients with CP is often viewed
as a natural result of hypothalamic damage. Consistent
with previous findings, this study demonstrated that
CF injection in rats led to abnormal physiological out-
comes, including increased body weight (Figure 1B), el-
evated Lee index (Figure 1B), altered plasma metabolic
profiles (Figure 2C-F), and hepatic lipid accumulation
(Figure 3). Considering that reduced levels of inflam-
matory mediators (e.g., CXCL1, CXCL9, FGF2, GrB,
IL-1, IL-6, IL-8, MMP8, MMP9, and CTSS) are linked to
anorexia nervosa, which is characterized by decreased
food intake and significant weight loss,** and that CF,
enriched with inflammatory mediators, promotes weight
gain as observed in this study, it is reasonable to conclude
that inflammatory mediators play a critical role in energy
balance regulation. Furthermore, our previous research
identified elevated mRNA expression levels of three in-
flammatory mediators (CXCL1, CXCLS8, and TNF) as
independent risk factors for weight gain or new-onset
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obesity in patients with CP.*” Extending these findings,
we investigated the specific role of CXCL1 in obesity and
found that CXCL1 injection into the brain elicited simi-
lar effects on body weight as CF injection (Figures 1-3),
reinforcing the causal relationship between CXCL1 and
obesity in rats. These results provide compelling evidence
that CP tumor tissue contributes to weight gain not only

through hypothalamic structural damage but also by se-
creting inflammatory mediators.

Appetite-regulating peptides bind to the hypothala-
mus and either stimulate or inhibit appetite. These pep-
tides are categorized into orexigenic peptides (which
stimulate appetite, such as ghrelin)45 and anorexigenic
peptides (which inhibit appetite, such as leptin, insulin,

FIGURE 6 Cystfluid and the inflammatory mediator CXCL1 induce leptin resistance in SY5Y cells, while SS can rescue SY5Y

cells from the inhibitory effects of cyst fluid and CXCL1 on leptin signaling. (A) Representative Western blots showing that cyst fluid or
CXCL1 induces leptin resistance in SY5Y cells; (B) Leptin activates the JAK-STAT3 pathway in SY5Y cells pretreated without cyst fluid or
CXCLL1. In contrast, leptin fails to activate the JAK-STAT3 pathway in SY5Y cells pretreated with cyst fluid or CXCL1, indicating leptin
resistance; (C-E) SY5Y cells pretreated with cyst fluid or CXCL1 show activation of the NF-xB pathway and overexpression of SOCS3; (F)
Representative Western blots showing that SS preserves leptin sensitivity in SY5Y cells; (G-J) SY5Y cells pretreated with cyst fluid plus SS
or CXCL1 plus SS exhibit higher levels of phosphorylated STAT3 and lower levels of phosphorylated p65, phosphorylated IkB, and SOCS3
compared to cells pretreated with only cyst fluid or CXCL1, indicating that SS maintains leptin sensitivity. ns, no significance; *p <.05;
**p <.01; ***p <.001. CXCL1, C-X-C motif chemokine ligand-1; IkB, inhibitor of nuclear factor-kappa B Alpha; NF-kB, nuclear factor
kappa B; p65, p65 protein; P-IkB, phosphorylated inhibitor of nuclear factor-kappa B Alpha; P-p65, phosphorylated p65 protein; P-STAT3,
phosphorylated signal transducer and activator of transcription 3; SOCS3, suppressor of cytokine signaling 3; SS, sodium salicylate; STAT3,
signal transducer and activator of transcription 3.
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and glucagon-like peptide-1).*° Despite the presence
of hyperleptinemia*’ and hyperinsulinemia®® in obese
patients with CP, these biofactors seem ineffective in
suppressing appetite, as many CP survivors still expe-
rience hyperphagia,” indicative of leptin and insulin

resistance. A high preoperative leptin level that fails to
prevent weight gain, while serving as an independent
predictor of significant weight gain and new-onset obe-
sity, further supports the existence of leptin resistance
in patients with CP.>* Hypothalamic damage contributes
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to this resistance by reducing sensitivity to endogenous
leptin and ghrelin.'® Intracerebroventricular leptin in-
jections also fail to reduce food intake once the arcu-
ate nucleus is damaged.*”° Following CF or CXCL1
brain injections, without hypothalamic damage caused
by syringe insertion and a high dose of CF (Figure S1),
rats exhibited hyperleptinemia (Figure 2A), an elevated
leptin-to-body weight ratio (Figure 2B), activation of NF-
kB pathway in the hypothalamus (Figure 4), higher level
of SOCS3 expression in the hypothalamus (Figure 4),
and resistance to exogenous leptin (Figure 5). To date,
this study is the first to link CF or inflammatory medi-
ator CXCL1 to leptin resistance and obesity at a cellu-
lar functional level rather than through hypothalamic
structural damage. These findings offer novel insights
into the mechanisms driving morbid obesity in CP sur-
vivors, particularly those without HI or with mild HI.

Lifestyle modifications, such as diet and exercise,
are fundamental for managing alimentary obesity, but
these interventions may be challenging for many CP
survivors due to hyperphagia and visual impairments.”
Additionally, obesity in patients with CP is often unre-
sponsive to lifestyle interventions.® While bariatric sur-
gery has been performed in CP individuals with morbid
obesity, the total weight reduction after 24 months was
less than that of normal controls,”*® suggesting that bar-
iatric surgery may be less effective for CP-related obesity.
Therefore, pharmacotherapy may offer a more viable ap-
proach to preventing and treating obesity in patients with
CP. Given the complexity of obesity's pathophysiological
mechanisms, individualized pharmacotherapeutic inter-
ventions based on specific underlying mechanisms are
crucial for improving the management of morbid obesity
in patients with CP.

Leptin, the product of the ob gene, was identified and
cloned from rodent adipose tissue in 1994, establishing
its vital role in body weight regulation.>* Most obese in-
dividuals, however, are not leptin-deficient but instead
exhibit elevated circulating leptin levels, indicating leptin
resistance. As a result, research has increasingly focused
on overcoming leptin resistance.”* Growing evidence
suggests that human obesity is linked to hypothalamic
inflammation, which disrupts insulin and leptin signal-
ing, thereby impairing energy balance regulation and pro-
moting weight gain.”® The vitro experiments confirmed
that CF enriched with inflammatory mediators, as well
as the pro-inflammatory factor CXCL1, induces leptin re-
sistance by activating the NF-kB pathway and upregulat-
ing SOCS3 (Figure 6A-E). Additionally, the study found
that SS, a nonsteroidal anti-inflammatory drug, inhib-
its SOCS3 overexpression and preserves leptin sensitiv-
ity (Figure 6F-J). Thus, this study demonstrated that SS
has the potential to attenuate leptin resistance and may

represent a novel therapeutic option for preventing and
treating morbid obesity in patients with CP.

5 | CONCLUSION

Our findings offer significant insights into the complex
pathogenesis of obesity in patients with CP. Beyond
hypothalamic damage, leptin resistance driven by
inflammatory mediators present in CP cyst fluid merits
greater attention. Additionally, preliminary evidence
suggests that SS may have the potential to mitigate leptin
resistance. However, further multicenter prospective
studies are necessary to confirm its clinical efficacy in
managing obesity in patients with CP.
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