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Highlights
What are the main findings?

1. Preliminary qPCR and ELISA indicate elevated CHI3L1 expression in chordoma cells relative to
notochordal precursor cells.

2. Transcriptomic analyses of primary and recurrent human chordoma samples suggest that
CHI3L1 is differentially expressed in primary tumors compared to their recurrent counterparts,
highlighting subtype-specific molecular differences typically obscured in aggregated chordoma
datasets.

What are the implications of the main findings?

1. CHIBL1 may serve as a molecular marker of early chordoma development and a potential
therapeutic target, particularly in the primary tumor context.

2. These findings underscore the significance of distinguishing chordoma subtypes, which may
improve precision in future translational studies and targeted therapy development.

Abstract

Chordomas are rare, highly morbid tumors arising from notochordal progenitor cells along the spinal
axis, associated with severe neurological complications and high recurrence rates. Their resistance to
conventional therapies and limited options beyond surgical resection and high-dose radiation
underscore the urgent need for novel therapeutic targets. Publicly available preliminary RNA
sequencing data from the Chordoma Foundation identified chitinase-3-like 1 (CHI3L1), a secreted
glycoprotein implicated in immune checkpoint regulation and epithelial-mesenchymal transition
(EMT), as a promising candidate for chordoma immunotherapy. Yet, the comprehensive function of
CHI3L1 in chordoma immune response remains unclear. To evaluate its presence in chordoma, we
employed RNA-based analyses alongside enzyme-linked immunosorbent assays (ELISA) on
commercially available chordoma cell lines (JHC7, U-CH12, U-CH1, U-CH1-N) and human
chordoma tumor specimens. Our results demonstrate elevated CHI3L1 expression in chordoma cells
relative to notochordal precursors, with comparative analyses revealing higher CHI3L1 expression
in the primary tumor relative to recurrent samples. These findings suggest the potential role of
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CHI3L1 in chordoma tumorigenesis, emphasizing its relevance as a biomarker and therapeutic target
for primary tumors. Future studies are necessary to elucidate the mechanistic role of CHI3L1 in
chordoma immune evasion and to explore targeted interventions that may improve patient outcomes
in this aggressive cancer.

Keywords: chordoma; chitinase-3-like 1; tumorigenesis; cancer

1. Introduction

1.1. Chordoma

Characterized by high local recurrence and distant metastasis after resection, chordomas are rare
and slow-growing tumors of the spinal axis notable for their limited treatment modalities (1-3). Most
often diagnosed in patients between 40 and 60 years of age, these highly morbid tumors are believed
to arise from notochordal progenitor cells along the spinal axis and, thus, customarily manifest at the
skull base, mobile spine, and sacrum (4,5). Clinical presentation varies based on the primary anatomic
location of the tumor, though pain and neurological complications specific to the region are
commonly indicated (6-10). Historically, overall survival rates decline to 62% at five years, then
further decrease to 33% at ten, with recurrent and metastatic disease significantly diminishing patient
outcomes (11,12).

Modern treatment paradigms primarily rely on maximal en bloc surgical resection followed by
high-dose photon and proton radiation (13-22). Given that half of all resected chordomas reportedly
recur after five years, and nearly 90% after ten, a substantial challenge then becomes evident: after
exhausting maximal safe doses of radiation and surgical interventions, no proven clinical treatments
remain (23). Despite advances in radiation and surgery, chordomas remain resistant to
chemotherapy, highlighting the urgent need for targeted therapeutic agents and the growing interest
in exploring molecular treatments that target specific signaling pathways (24).

Molecular markers have emerged as a pivotal frontier in chordoma treatment, offering
significant potential to transform surgical decision-making and enhance patient outcomes (25-28).
These markers are increasingly vital for accurate diagnosis and subtyping, guiding personalized
treatment selection and prognostication. By providing critical insights into tumor behavior and
assessing the likely course of the disease, they may help tailor the extent of surgery and inform
multidisciplinary management.

1.2. Chitinase-3-Like 1

Immune checkpoints, one of the numerous avenues through which the immune system
regulates cancer progression, may be exploited by tumor cells in order to evade the host immune
response (29,30). Chitinase-3-like 1 (CHI3L1, also known as YKL-40), a member of the 18 glycosyl
hydrolase (18-GH) family, is a secreted glycoprotein endogenously expressed in various cells,
including immune cells (31). CHI3L1 has been correlated with poor prognosis and decreased survival
rates of cancer patients, and implicated in mechanisms leading to the immunosuppressive tumor
environment (32-35). In lung cancer, for instance, CHI3L1 modulates PD-L1 expression in immune
cells, leading to PD-1-mediated T-cell inactivation and fostering an immunosuppressive tumor
microenvironment (36). Furthermore, its role in enhancing tumor epithelial-mesenchymal transition
(EMT) makes it an ideal target for cancer immunotherapy (37).

Preliminary studies in our laboratory have noted differential expression between human
notochordal (where the cell of origin, notochordal cells, reside) and chordoma tissue and cell lines.
Initial RNA sequencing analysis of publicly available transcriptome data from the Chordoma
Foundation, derived from tissue deposited by the Xavier Lab at the Broad Institute, provides
evidence for the expression of CHI3L1 (Figure 1). There is a substantial expression of CHI3L1 in
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chordoma tissue and a more discrete expression in notochordal tissue. However, its detailed
involvement with the immune response has yet to be profiled in chordoma.
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Figure 1. CHI3L1 gene expression in publicly available transcriptome data from human tissue and cell lines.
Transcriptome data using the chordoma cell lines U-CH1 recurrent tumor (red, n = 3) and JHC? primary tumor
(blue, n = 2) or primary tissue samples from chordoma (yellow, n = 5) or notochord (green, n = 3) were assessed
for expression of the CHI3L1 gene. All datasets were aligned to the GRCH38 human reference genome assembly
using STAR version 2.6.1b, and libraries were normalized using the Bioconductor package edgeR (38,39).
Distribution of the observed expression in each group is displayed in the above boxplot with the observed
expression level (counts per million reads) for each sample overlaid. For human tissue samples, primary versus

recurrent tumor status was unknown.

In light of this data, our objective is to assess the presence of CHI3L1 in human chordoma tissue
and cell lines, with long-term aims encompassing the elaboration of its involvement in chordoma
tumorigenesis. Given its potential contribution to the tumor’s aggressive behavior and high rates of
recurrence in this manner, we believe that CHI3L1 may serve as a promising therapeutic target for
immunotherapy. This study will be the first extensive study that intends to evaluate the capabilities
of CHI3L1 as a biomarker of disease progression and potential target for novel therapeutic
interventions in human chordoma.

2. Materials and Methods

To confirm the expression of CHI3L1 in chordoma tissue, we investigated its presence in tumor
samples excised from patients and in commercially available chordoma cell lines (Figure 2).
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Figure 2. Schematic of experimental methods. Bulk RNA sequencing was performed on total RNA obtained
from the Chordoma Foundation and RNA extracted from intraoperatively collected patient specimens at a single
institution. Total RNA derived from other formalin-fixed, paraffin-embedded (FFPE) patient samples from the
same institution was profiled using NanoString. Commercially available chordoma cell lines were cultured, with
extracted RNA analyzed by quantitative PCR (qPCR) and collected supernatant assessed by enzyme-linked
immunosorbent assay (ELISA). Created in BioRender. Campilan, B. (2026) https://biorender.com/omo5qlm.

2.1. Human Samples

Chordoma tissue samples were obtained from patients at a single institution and stored in a de-
identified manner in accordance with institutional protocols. Institutional Review Board approval
was established for both fresh frozen tissue collection (Protocol 862559) and acquisition of formalin-
fixed, paraffin-embedded (FFPE) samples (Protocol 816619). Fresh tissue was apportioned and either
stored by the surgical pathology department as FFPE cassettes or transported directly from the
operating room to the laboratory in liquid nitrogen. FFPE scrolls were cut at 10um each. All samples
were stored at -80°C until used for nucleic acid work.

2.2. Cell Culture

All commercial chordoma cell lines were purchased from the American Type Culture Collection
(Manassas, VA, USA) and seeded in T-75 flasks (Fisher Scientific Cat. 07-202-001). JHC? primary
sacral chordoma cells were cultured in DMEM/F12 (ATCC Cat. 30-2006) media (40); primary U-CH12
sacral chordoma cells in IMDM/RPMI (ATCC Cat. 30-2005/30-2001), L-glutamine (ATCC Cat. 30-
2214), and ITS-G (Fisher Scientific Cat. 41-400-045) (41); chordoma-derived U-CH1-N notochordal
cells in Minimum Essential Medium Eagle (Sigma Aldrich StableCell Cat. M6074-500ML) media (42);
and U-CH1, recurrent sacrococcygeal chordoma cells, in IMDM/RPMI and L-glutamine, with
collagen coating (Corning Cat. 354236) as per supplier instructions (43—-47). Media was supplemented
with 10% fetal bovine serum (Cat. 30-2020) and 1% penicillin-streptomycin solution (Cat. 30-2300)
from ATCC.

For all cell lines, once confluent, supernatant was collected from centrifuged media that had been
utilized to culture the cells for an average of 1 week. Supernatant was stored at 4°C until analyzed
via ELISA. Cells were flash-frozen to form 5 x 105 cell pellets, after which total RNA was extracted.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.2276.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 January 2026 d0i:10.20944/preprints202601.2276.v1

5 of 14

2.3. RNA Extraction

Total RNA from FFPE scrolls was isolated as instructed using the RNeasy FFPE Kit (Cat. 73504)
from Qiagen. Total RNA from cell lines was isolated using TRIZOL Reagent (Cat. 15596026) from
ThermoFisher Scientific. To validate RNA integrity and purity and select the highest-quality samples
for downstream analyses, we conducted picochip and nanodrop assays to evaluate DV200 values, as
well as the 260/280 and 260/230 ratios, respectively.

2.4. NanoString

Total RNA from 7 patient FFPE chordoma specimens (4 primary, 3 recurrent) was isolated
according to the above procedure. RNA was sent for quantification of 770 genes using the NanoString
nCounter PanCancer Pathways Panel. Differential gene expression was performed in NanoString’s
proprietary user interface, nSolver, by selecting each of our samples for Advanced Analysis and using
the default parameters. Genes were identified as differentially expressed if the gene exhibited |fold-
change! >0 and padgj < 0.01. Results were visualized in RStudio using EnhancedVolcano and pheatmap.
All scripts for data analysis and image generation can be found at this link <https://github.com/j-
rdt/chi3l1-chordoma>.

2.5. Bulk RNA Sequencing

Total RNA from 5 patient chordoma specimens (2 primary from Chordoma Foundation, 1
locally-retrieved primary, 2 recurrent from Chordoma Foundation) was isolated according to the
above procedure. RNA was sent to GeneWiz for bulk sequencing with rRNA depletion, ERCC spike-
in, and read depth of 20M reads/sample. Data were stripped of identifiable personal health
information. Bioinformatic analyses were performed in RStudio, using the DESeq2 package for
differential gene expression analysis, EnhancedVolcano for visualizing the differential expression for
each gene, and pheatmap for visualizing gene expression levels in each sample; default parameters
were used for all packages (48-50). False discovery rate p-value adjustment was performed using the
Benjamini-Hochberg procedure. Genes were identified as differentially expressed if the gene
exhibited |logz(fold-change)| > 2 and pa¢j < 0.01.

2.6. RT-PCR & gPCR

Reverse transcription (RT-PCR) & quantitative polymerase chain reaction (qPCR) were
performed on RNA from primary sacral chordoma cell lines JHC7 (n = 8) and U-CH12 (n = 9),
recurrent chordoma cell line U-CH1 (n = 12), and chordoma-derived notochordal-like cell line U-
CH1-N (n = 7). RT-PCR was carried out using the Invitrogen™ SuperScript™ III First-Strand
Synthesis System (ThermoFisher Scientific Cat. 18080051), and qPCR by the SYBR Green method
(Applied Biosystems™ Cat. A25742). Primers were as follows: CHI3L1, forward 5'-
GATGTGACGCTCTACGGCAT-3" and reverse 5-TGATAAAGTCCGGCGACTC-3’; GAPDH,
forward 5-GAGAAGGCTGGGGCTCATTTG-3" and reverse 5'-GGTGCTAAGCAGTTGGTGGT-3'
(51). Samples without detectable amplification were assigned a maximum threshold cycle (Ct) value
of 40 for normalization purposes. Relative expression (RE) values of CHI3L1 mRNA were calculated
relative to housekeeping gene GAPDH in each sample using the 2-4¢ method.

2.7. ELISA

CHIBL1 enzyme-linked immunosorbent assay (ELISA) measurements were obtained using the
Human Chitinase 3-like 1/YKL-40 Quantikine ELISA Kit (R&D Systems Cat. DC3L10). Supernatant
was collected from JHC?7 (n = 6), U-CH12 (n = 9), U-CH1 (n = 9), and U-CH1-N (n = 6) cell lines
according to the protocol described above. The ELISA plate included duplicates of controls, samples,
and standards. Each well contained 50uL of its respective solution and was incubated for 2 hours at
room temperature with the assay diluent RD1-34 from the kit. Post-incubation, wells were washed 4
times with the kit-supplied wash buffer and incubated overnight with the Human CHI3L1 Conjugate
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at 4°C. The following day, the wells were washed 4 times with a prepared wash buffer and incubated
with a substrate solution for 30 minutes at room temperature. After stop solution was added, the
plate was read on the Glomax Discover Microplate Reader (Cat. GM3000) from Promega.

3. Results

3.1. Transcriptomics

The transition between primary and recurrent chordomas is hypothesized to involve the
dysregulation of immune system surveillance. To assess this hypothesis, we evaluated the expression
of key genes in patient-derived tumor tissue using a NanoString cancer transcriptomics panel.
CHI3L1 was the most downregulated gene (Figure 3A). The higher gene expression of CHI3L1 in
primary cells is an effect of one primary sample in particular (Figure 3B). Principal component
analysis shows that this sample clusters with other primary cells (Figure 3C).
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Figure 3. Differential gene expression from the NanoString PanCancer Pathways Panel. A. Volcano plot of
differential expression of genes in recurrent chordomas compared to primary, from patient-derived, fixed-
formalin, paraffin-embedded tumor tissue. Red: |FC|>2 and p<0.05; Green: |FC|>2 and p>0.05; Blue: |FCl<2
and p<0.05; Black: IFCI<2 and p>0.05. B. Heatmap indicating the expression level of 56 differentially expressed
genes in each sample. Blue indicates below-average gene expression, while red indicates above-average gene
expression across all samples. CHI3L1 was enriched in the 4th primary chordoma sample. C. Principal

component analysis of each sample’s transcriptome. Samples are colored by tumor type (primary vs recurrent).

To validate the differential expression of CHI3L1 in chordoma, we performed whole
transcriptome sequencing of human tissue provided by the Chordoma Foundation and locally
retrieved at a single institution (3 primary, 2 recurrent). CHI3L1 was again the most downregulated
gene in recurrent cells (Figure 4A). This result was driven by one sample in particular with extreme
CHI3L1 expression (Figure 4B). Principal component analysis shows that this sample generally
clusters with the other primary cells (Figure 4C). These results indicated CHI3L1 is a marker of
interest in chordoma cells.
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Figure 4. Differential gene expression from whole transcriptome sequencing of patient-derived chordoma
cell lines. A. Volcano plot of differential expression of genes in recurrent compared to primary chordomas from
patient-derived, fixed-formalin, paraffin-embedded tumor tissue. Red: |FC|>2 and p<0.05; Green: |FC|>2 and
p>0.05; Black: |FCI<2 and p>0.05. B. Heatmap indicating the expression level of 60 differentially expressed
genes. Blue indicates below-average expression and red indicates above-average expression across all samples.
C. Principal component analysis of each sample’s transcriptome. Samples are organized by tumor type (primary

Vs recurrent).

3.2. gPCR and ELISA

To assess the relative expression of CHI3L1 across chordoma cell lines, total RNA extracted from
primary chordoma cell lines JHC7 and U-CH12, recurrent chordoma cell line U-CH1, and chordoma-
derived notochordal-like U-CH1-N cells was used for RT-qPCR. Relative quantification showed
significantly higher CHI3L1 mRNA levels in both primary chordoma cell lines compared to the
recurrent U-CH1 line. Additionally, JHC7 cells exhibited significantly higher expression relative to
notochordal-like U-CH1-N cells (Figure 5).
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Figure 5. Relative expression of CHI3L1 mRNA across different cell types measured by qPCR. Primary
chordoma cell lines (JHC7 and U-CH12) exhibited significantly more CHI3L1 mRNA expression than the
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recurrent chordoma (U-CH1) cell line (JHC7 vs. U-CH1 unpaired t-test, p =0.0112; U-CH12 vs. U-CH1 unpaired
t-test, p = 0.0480). JHC? cells exhibited significantly increased expression relative to notochordal-like U-CH1-N
cells (unpaired t-test, p = 0.0390). Error bars represent the standard error of the mean.

To evaluate secreted CHI3L1 levels in various chordoma cell lines and controls, an ELISA was
performed on media supernatants after 1 week in culture. The results suggest higher levels of
secreted CHI3L1 in the primary cell lines JHC7 and U-CH12, as well as the recurrent cell line U-CH1,
compared to the low levels observed in the control notochordal UCH1-N cells (Figure 6).
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Figure 6. Secreted CHI3L1 levels across different cell types measured by ELISA. After 1 week, secreted CHI3L1
was measured in the culture supernatant of notochordal-like cells (U-CH1-N), primary chordoma cells (JHC7
and U-CH12), and recurrent chordoma cells (U-CH1). Primary chordoma cells (U-CH12) demonstrated a
significant difference in expression between JHC7 cells (U-CH12 vs. JHC7 unpaired t-test, p = 0.0175) and U-
CHI1-N (U-CH12 vs. U-CH1-N unpaired t-test, p = 0.0135). Error bars represent the standard error of the mean.

4. Discussion

While en bloc resection yields the greatest long-term survival for chordoma patients, it is
frequently linked to heightened morbidity. En bloc sacral amputation for sacral chordoma may result
in the loss of bowel, bladder, and sexual function, along with impaired ambulation and chronic pain
(15,52). In cases where sacral tumors invade the rectum, achieving negative margins to optimize
patient survival may necessitate colon resection and colostomy, further diminishing quality of life.
Cytoreductive chemotherapy or immunotherapy regimens aimed at reducing tumor volume may
enable less invasive resections and, in turn, improve patient outcomes.

Similarly, patients with clival chordoma may also benefit from preoperative cytoreduction to
facilitate surgical intervention. Although endoscopic surgical resection for clival chordoma is
employed at some highly specialized centers, the anatomical complexity of the clivus often limits its
success. As a result, radiation therapy remains the mainstay of treatment at many institutions (53—
55). However, this procedure carries risks of cranial nerve complications, which can lead to vision
loss, permanent swallowing dysfunction, and airway compromise. Given the substantial morbidity
of current treatments and high recurrence rates, novel therapeutic strategies are urgently needed for
patients with this disease.

Research into chordoma has historically been limited due to the tumor's rarity, with few
dedicated studies and a scarcity of clinical trials. Its low incidence, coupled with the complexity of
the disease, has hindered the development of targeted therapies, leaving patients with limited
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treatment options and poor prognoses. Current research efforts are largely focused on
comprehending the molecular biology of chordoma, particularly the role of proteins such as
brachyury, which is overexpressed in nearly all chordoma tumors (3). However, much remains to be
understood about the underlying mechanisms driving tumor growth, recurrence, and progression.

Notably, previous studies have conflated primary and recurrent chordoma samples into a single
analytical cohort, potentially obscuring meaningful molecular distinctions between these stages of
disease progression. Preliminary data from our research center have begun to address this gap by
exploring these stage-specific differences, isolating Chitinase-3-like 1 (CHI3L1), a glycoside hydrolase
involved in tissue injury, remodeling, and repair, as a promising candidate for chordoma recurrence
(31).

Dysregulated CHI3L1 expression has been documented in several solid cancers, with both
circulatory and tissue levels strongly associated with chemoresistance and poor prognosis (36,56-58).
As a result, CHI3L1 is increasingly regarded as a biomarker of tumor progression and therapeutic
resistance. Moreover, CHI3L1 has been reported as a biomarker in bone and soft tissue sarcomas,
highlighting its diagnostic and prognostic value (31,57,59). Importantly, recent investigations have
identified that CHI3L1 significantly enhances the epithelial-mesenchymal transition (EMT) and
promotes tumor development and metastasis, potentially through beta-catenin and MAPK signaling
activation (31,60-62). Emerging evidence also implicates CHI3L1 in immune evasion through
inhibition of T-cell co-stimulation via ICOS/ICOS ligand and CD28-B7 signaling, promotion of
immunosuppressive myeloid cell accumulation, and suppression of tumor suppressive pathways
involving PTEN and p53 (63,64).

Our study aims to address a critical gap in the chordoma research landscape by investigating
the role of CHI3L1, a protein known to contribute to tumor growth and immune system evasion, in
chordoma oncogenesis. By confirming the presence of CHI3L1, we seek to provide a foundation for
further elucidation of the molecular mechanisms that drive this rare and aggressive cancer.

Preliminary qPCR and ELISA assays reveal elevated CHI3L1 expression in chordoma cells
relative to notochordal precursor cells, underscoring its potential role in disease initiation and
progression. Moreover, differential gene expression analyses between primary and recurrent
chordoma cell lines and fresh human tissue samples indicate that some primary cells express elevated
amounts of CHI3L1, whereas recurrent chordoma cells exhibit relatively reduced expression. This
trend supports the hypothesis that CHI3L1 may play a role in the progression from notochordal
progenitor cells to primary tumor cells, with its expression diminishing as chordoma cells replicate
or differentiate. Taken together, these findings provide initial evidence of the importance of CHI3L1
as a molecular marker in early tumorigenesis, with possible therapeutic relevance most pronounced
in the primary tumor setting.

In the long term, we aim to elucidate the mechanistic role of CHI3L1 in chordoma progression
and immune evasion, with the goal of developing targeted therapeutic strategies that can impede or
halt tumor growth. Robust in vitro and in vivo systems are crucial for the thorough appraisal of
therapies and the appreciation of tumor-immune interactions. As such, additional studies require
analysis of primary, recurrent, and metastatic cell lines, and the assembly of a broader patient sample
to investigate the relevant mechanistic role of CHI3L1 across the chordoma disease progression. A
larger pool of cell lines and tissue samples is already being prepared for NanoString and RNA-seq
experiments at our institution to replicate these findings. Consistent with emerging evidence
implicating CHI3L1 in immune evasion, ongoing studies at our center are investigating CHI3L1-
mediated immune crosstalk in chordoma, with a particular focus on patient-derived CD8+ T cells and
myeloid populations, using co-culture models with autologous chordoma cells and the JHC7 cell line.
Proposed future research also aims to leverage in vivo animal models to elucidate the mechanisms
underlying chordoma oncogenesis and evaluate therapeutic strategies. Humanized mouse models
are particularly promising for exploring chordoma development and treatment within the context of
the tumor microenvironment and immuno-oncology (65).
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Given the rarity, aggressive nature, and limited treatment options available for chordoma, this
research represents a pivotal step toward identifying new therapeutic strategies by advancing our
understanding of its molecular drivers. By implicating CHI3L1 as a key element in chordoma
pathogenesis and immune evasion, this study lays the groundwork for targeted interventions and
frameworks that may reduce recurrence and improve long-term outcomes. As chordoma remains
primarily a surgical disease, novel therapeutic approaches are especially promising and well-suited
to this patient population. Understanding how CHI3L1 shapes the immunosuppressive tumor
microenvironment may also inform new therapeutic avenues, particularly for recurrent or treatment-
resistant cases. The molecular mechanisms central to this study may have broader relevance for other
rare cancers that share similar immunological or signaling profiles, thereby extending the potential
trajectory of our findings to improve survival and quality of life beyond chordoma.
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