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Abstract: The neurotrophin receptor TrkB has been increasingly implicated in the progression, metastasis, and
drug resistance of breast cancer. While its natural ligand, brain-derived neurotrophic factor (BDNF), activates TrkB
signaling to promote tumor cell proliferation and survival. In this study, we identified that certain patient-derived
antibodies can function similarly as agonists, we investigated their binding region and functional activities using a
reporter cell assay and a combination of epitope mapping. Our results reveal distinct binding patterns associated
with agonistic activity and identify a key activation site targeted by these antibodies. These findings suggest that
TrkB agonist autoantibody mediated modulation of this region may influence cancer cell signaling and providing a
potential basis for further investigation into immune-related mechanisms in breast cancer.
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Introduction

The immune system primarily functions to de-
fend the body against pathogens and abnormal
cells. However, under certain pathological con-
ditions, it can paradoxically support cancer pro-
gression [1-3]. Within the dynamic and com-
plex tumor microenvironment (TME), diverse
immune cells play pivotal roles, including tu-
mor-infiltrating B cells. These cells secrete anti-
bodies, that recognize tumor-associated anti-
gens [4, 5]. Cancer cells often present mutated,
overexpressed, or aberrantly glycosylated sur-
face antigens that may break immune toler-
ance and stimulate autoantibody production
[6]. Some of these autoantibodies are not mere
bystanders; rather, they can function as ligand
mimetics [7]. The presence of autoantibodies
in cancer has gained increasing attention due
to their potential to modulate tumor biology.
Tumor cells often display aberrantly expressed
or mutated surface proteins, which can become
immunogenic and elicit an autoimmune res-
ponse. Currently, it seems that the impact of

autoantibodies on the progression of malignan-
cies is dependent on the context [8]. Some of
them are associated with active cancer surveil-
lance, thus preventing cancer progression,
whereas others may serve as accelerators and
thus promote cancer initiation and progression.
The recent study showed that certain autoanti-
bodies targeting nucleic acids can activate the
cytoplasmic pattern recognition receptor cyclic
GMP-AMP synthase (cGAS), thereby triggering
immune signaling and inducing cGAS-depen-
dent cytotoxic responses [9]. Among these au-
toantibodies, some have been shown to func-
tionally mimic natural ligands of growth factor
receptors, acting as agonists or antagonists
and influencing tumor progression, prolifera-
tion, and immune evasion. It has been reported
that tumor-infiltrating B cells and antibody-
secreting cells (ASCs) contribute to both anti-
tumor and pro-tumor responses [10]. Intratu-
moral antibodies often exhibit class switching,
high somatic hypermutation rates, and autore-
activity [11, 12]. These autoantibodies show
the immunity and immune response. In fact,

https://doi.org/10.62347/ECCZ9749


http://www.ajcr.us
https://doi.org/10.62347/ECCZ9749

Agonist autoantibodies target TrkB in breast cancer

studies have reported autoantibodies targeting
tumor-associated antigens such as HER2, p53
[13], NY-ESO-1, and MET in a substantial por-
tion of cancer patients [8, 13-16]. Notably,
some of these antibodies are associated with
favorable therapeutic outcomes, while others
correlate with more aggressive disease, under-
scoring the dual nature of humoral immunity in
cancer.

Breast cancer is the most common cause of
cancer-related deaths, driven by complex sig-
naling pathways that promote tumor growth,
spread, and resistance to treatment. The dis-
covery of new therapeutic strategies and the
improvement of patient outcomes are essential
[17-19]. Traditionally linked to neurodevelop-
ment, brain-derived neurotrophic factor (BDNF)
and its receptor TrkB encoded by NTRK2 have
emerged as oncogenic players in this context.
Breast cancer is molecularly classified by hor-
mone receptor (HR) status, estrogen receptor
(ER), progesterone receptor (PR), and HER2
expression, reflecting its clinical heterogeneity.
Emerging evidence indicates that TrkB signal-
ing contributes to tumor growth via PISK/AKT
and MAPK/ERK, promoting survival and prolif-
eration [20-22]. The reports also show TrkB sig-
naling significantly increases cell migration,
EMT, and resistance to anoikis, contributing
to cell survival during chemotherapy [23-25]. In
this study, we were guided by our previous stud-
ies [26-28], breast cancer patients have auto-
antibodies against TrkB, and we identified two
patient-derived antibodies against TrkB that
exhibit distinct functional activities. One anti-
body promotes breast cancer cell growth by
mimicking ligand-induced signaling, while the
other has inhibitory effects. We sought to inves-
tigate the binding specificity for this agonist
antibody. Through gene expression analysis,
cellular assays, and structural modeling, we
show that these antibodies recognize epitopes
within the extracellular domain of TrkB. Our
findings show that TrkB autoantibodies binding
region and may provide a framework for study-
ing TrkB signaling in diseases.

Materials and methods
Antibody expression
Two antibodies (93 and 641) were isolated from

breast cancer patients exhibiting high TrkB
expression [27]. The variable regions were se-
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quenced and cloned for recombinant expres-
sion. Antibody expression vectors were tran-
siently transfected into Expi293F cells using
the ExpiFectamine 293 transfection reagent.
Supernatants were harvested five days post-
transfection. Antibodies were purified by affini-
ty chromatography using a HiTrap Protein A
HP column (GE Healthcare, #17-0403-03) on
an AKTA purifier 100 system (GE Healthcare).
Elution was carried out with glycine buffer (pH
2.7), and the eluates were immediately neutral-
ized using Tris buffer. Buffer exchange to PBS
was performed using Ultracel 30 kDa centrifu-
gal filters (Merck Millipore). Antibody concentra-
tions were quantified using the Qubit Protein
Assay Kit (Thermo Fisher Scientific).

Expression and purification of recombinant
TrkB proteins

The coding sequences of human NTRK2
(UniProt ID: Q16620) corresponding to two frag-
ments of the TrkB extracellular domain (@amino
acids 32-426 and 197-426) were amplified
and cloned into a pcDNA expression vector
containing a C-terminal His-tag to facilitate
purification. The resulting constructs were tran-
siently transfected into Expi293F™ cells (Ther-
mo Fisher Scientific) using the ExpiFectamine™
293 Transfection Kit according to the manufac-
turer’s protocol. Five days post-transfection,
culture supernatants were collected by centrif-
ugation and filtered through a 0.22 ym mem-
brane. His-tagged recombinant proteins were
purified by immobilized metal affinity chroma-
tography (IMAC) using HisTrap™ HP columns
(Cytiva) under native conditions. Purified pro-
teins were analyzed by SDS-PAGE and stored at
-80°C until use.

Bioinformatics and structural modeling

Publicly available datasets were utilized to eval-
uate the expression profile and clinical signifi-
cance of TrkB (NTRK2) across various can-
cer types. Gene expression data for NTRK2
were retrieved from the UCSC Xena platform
(https://xena.ucsc.edu/public), encompassing
pan-cancer analyses. Mutational landscapes
of NTRK2 were assessed via the cBioPortal
for Cancer Genomics (https://www.cbioportal.
org/), with 32 breast cancer datasets selected
to investigate mutation frequencies and pat-
terns. Kaplan-Meier survival analyses were per-
formed using the KMplot database (https://
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kmplot.com/), focusing on breast cancer pa-
tient data linked to NTRK2 expression (probe
ID: 207152_at), to determine prognostic impli-
cations. For structural analysis, 93, 641 anti-
body and TrkB complexes were modeled using
AlphaFold3 (https://alphafoldserver.com). The
resulting structures were visualized and ana-
lyzed using PyMOL (https://www.pymol.org/),
enabling identification of binding epitopes con-
tacts. To estimate the binding affinity of the
93, 641 antibody TrkB-D5 complexes, we used
HADDOCK PRODIGY (https://rascar.science.
uu.nl/haddock2.4/), which predicts Kd values
based on the interface properties of the mod-
eled complexes.

TrkB reporter cell assay

TrkB-CRE-bla 293 reporter cells were stimu-
lated with either BDNF or anti-mtTrkB antibod-
ies for 5 hours. Following incubation, adherent
cells were loaded with the CCF4-AM substrate,
detached using Accutase, and analyzed by
flow cytometry. Upon activation, beta-lactama-
se expression led to cleavage of CCF4, disrupt-
ing FRET. Consequently, excitation at 405 nm
yielded a blue fluorescent signal at 450 nm,
accompanied by a reduction in green fluores-
cence at 520 nm.

Western blotting

TrkB-overexpressing 293T cells were serum-
starved overnight in culture medium lacking
fetal bovine serum (FBS). Cells were then stim-
ulated with BDNF or antibodies for 10 minutes
at 37°C. Following treatment, cell lysates were
harvested and subjected to Western blot analy-
sis to assess total and phosphorylated levels of
AKT and ERK using antibodies purchasing from
Cell Signaling Technology.

ELISA binding assay

Microwell plates (Nunc) were coated overnight
at 4°C with 100 ng per well of either recombi-
nant TrkB ectodomain or neutravidin pre-bound
with biotinylated peptides. The next day, plates
were blocked with PBS containing 0.1% Tween-
20 and 5% non-fat milk for 1 hour at room tem-
perature. After washing with PBS/0.1% Tween-
20, wells were incubated for 1 hour at 37°C
with HRP-conjugated anti-human Fc antibod-
ies. For assays using biotinylated peptides,
Streptavidin-HRP was used. Plates were then
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washed thoroughly, and 50 ul of ABTS sub-
strate solution was added to each well. After
a 30-minute incubation, the reaction was
stopped by adding 50 pl of 2 M H,SO,, and
absorbance was measured using a microplate
reader.

Results

NTRK2 expression and clinical correlation in
breast cancer

To investigate the NTRK2 in breast cancer, we
analyzed its expression across different molec-
ular subtypes. Understanding how NTRK2 var-
ies among subtypes may provide insight into its
functional significance and therapeutic poten-
tial. We analyzed NTRK2 expression in the
TCGA database and the results (Figure 1A)
show that NTRK2 is differentially expressed
across breast cancer subtypes. Its expression
is lowest in HER2 and LumB subtypes, indicat-
ing limited involvement in these tumor types. In
contrast, Basal and LumA subtypes exhibit sig-
nificantly higher NTRK2 expression, with a
broader range observed in Basal tumors and a
more consistent elevation in LumA. To assess
the prognostic relevance of NTRK2, we investi-
gated the mRNA expression levels of NTRK2,
using the clinical Kaplan-Meier Plotter data-
base. The results (Figure 1B) show that breast
cancer patients with high expression of NTRK2
had significantly lower overall survival than
those with low expression (hazard ratio [HR]:
1.46, P=0.04). NTRK2 expression and the sur-
vival rate of TNBC breast cancer, and found
that the median survival for TNBC patients with
low expression of NTRK2 is 38 mo and 24.31
mo for those with high NTRK2 expression.
Taken together, these findings suggest that
NTRK2 may play subtype-specific roles, partic-
ularly in basal-like and LumA tumors. Higher
TrkB levels correlated with a poor overall sur-
vival rate. In addition, we explored mutational
analysis (Table 1) revealed that several muta-
tions, including V53M, P56L, N67S, V87D,
R136H, D230N, A284T, and D386N, were fre-
quently observed in breast cancer patients.
Moreover, C607W, C623W, V673M, and V689M
were also identified in intracellular domain.
These mutations may contribute to abnormal
TrkB function and autoantibody generation.
Taken together, these findings show NTRK2
was associated with breast cancer and higher
expression is associated with poor survival rate
in TNBC.
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Figure 1. NTRK2 expression and survival curves in breast cancer patients. A. TCGA database Violin plot depicting
NTRK2 expression across various breast cancer subtypes (LumA, LumB, HER2+, Basal). B. Kaplan-Meier analysis
of NTRK2 mRNA in TNBC patient samples shows the probability of survival with high (red) or low (black) expression
of NTRK2 mRNA. Hazard ratio (HR), 95% confidence intervals (Cl), breast cancer patients (n=196).

Table 1. NTRK2 protein change/mutation in breast cancer patient sample retrieved data by cBioPor-
tal for cancer genomics

Protein Change Cancer Type Study of Origin

V53M Breast Invasive Ductal Carcinoma
P56L Breast Invasive Ductal Carcinoma
N67S Breast Invasive Ductal Carcinoma
V87D Breast Invasive Ductal Carcinoma
R136H Breast Invasive Ductal Carcinoma
D230N Breast Invasive Ductal Carcinoma
A284T Breast Invasive Ductal Carcinoma
D386N Breast Invasive Ductal Carcinoma
C607TW Breast Invasive Ductal Carcinoma
C623W Breast Invasive Ductal Carcinoma
V673M Breast Invasive Lobular Carcinoma
V689M Breast Invasive Ductal Carcinoma

(
Breast Invasive Carcinoma (TCGA, PanCancer Atlas67
Breast Invasive Carcinoma (TCGA, PanCancer Atlas67
Breast Invasive Carcinoma (TCGA, PanCancer Atlas67
Breast Invasive Carcinoma (TCGA, PanCancer Atlas67
Breast Invasive Carcinoma (TCGA, PanCancer Atlas67
Breast Invasive Carcinoma (TCGA, PanCancer Atlas67

Breast Invasive Carcinoma (TCGA, PanCancer Atlas67)
Breast Invasive Carcinoma (TCGA, PanCancer Atlas67)
The Metastatic Breast Cancer Project (Provisional, December 2021)
Breast Cancer (MSK, Cancer Cell 2018)
Breast Invasive Carcinoma (TCGA, PanCancer Atlas67
Breast Invasive Carcinoma (TCGA, PanCancer Atlas67

)
)
)
)
)
)
)
)

TrkB antibody characterization and structural
prediction

Two patient-derived antibodies, 93 and 641,
both of which specifically bind to the TrkB
receptor [27]. The antibody 93 was found to
promote breast cancer cell growth and anti-
body 641 was shown the inhibition of tumor
growth. These findings prompting us to investi-
gate whether these antibodies trigger distinct
downstream signaling events and the binding
region of TrkB. First, we used two TrkB reporter
cell lines, TrkB-NFAT-CHOK1 and TrkB-CRE-293
cells to study 93 and 641 Ab signaling. The
results (Figure 2A, 2B) showed that antibody
93 significantly enhanced TrkB-mediated re-
porter activity, suggesting an agonistic func-
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tion, whereas 641 did not show the signal. To
further validate these observations, we con-
ducted Western blot analysis to examine phos-
phorylation of key downstream signaling pro-
teins. TrkB-overexpressed 293 cells were in-
cubated with BDNF, antibody 93 or 641. The
result shown in Figure 2C, antibody 93 indu-
ced pAKT and pERK phosphorylation of TrkB,
resembling the activation pattern triggered by
the natural ligand BDNF. In contrast, antibody
641 showed minimal induction of phosphoryla-
tion, especially in ERK. These results demon-
strate that although both antibodies target
TrkB, they exert opposing functional effects on
receptor signaling. Antibody 93 acts as a TrkB
agonist, promoting downstream activation and
potentially enhancing tumor cell growth.
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Figure 2. Characterization the TrkB antibodies 93 and

641. A. TrkB-NFAT-bla CHO-K1 reporter. B. TrkB-CRE-bla 293

reporter cell lines were used and treated with BDNF (100 ng/mL), antibody 93 or 641 at 10 ug/mL or isotype anti-
body for 5 h. Cells were incubated with the CCF4-AM substrate and subjected to FACS based on the FRET signal. C.

TrkB-overexpressed 293 cells were incubated with BD

NF, antibody 93 or 641. After a 10-min incubation at 37°C,

cell lysates were prepared and analyzed for the total and phosphorylated AKT, and ERK.

To further explore the structural basis of these
functional differences, we employed Alpha-
Fold3 modeling to predict the TrkB-antibody
complexes. The predicted structures (Figure
3A-C) showed that 93 and 641 major interact
with TrkB D5 domain via CDRH1 and CDRH2.
We found that agonist 93 Ab and 641 Ab bin-
ding to different amino acid residues in D5
domain of Trkb which results in epitope over-
lapping. This binding orientation may contrib-
ute to its agonist activity of 93 and antagonist
activity of 641. We also further measured the
Kd value of both the complex. We observed
that 93 Ab has better Kd value than 641 Ab to
D5 domain as shown in Table 2.

The validation and epitope mapping of TrkB
antibodies

To investigate the specific binding region of
TrkB-targeting antibodies, we first expressed
two recombinant fragments of the TrkB extra-
cellular domain. One spanning amino acid 32-
426 and the other 197-426. Domain-specific
ELISA showed that both antibodies, 93 and
641, preferentially bind to the 197-426 frag-
ment, indicating their epitopes is located within
this region (Figure 4A). To further refine epitope
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mapping, we synthesized a panel of overlap-
ping peptides spanning amino acids 211-420
of the TrkB extracellular domain, with each pep-
tide overlapping by 10 amino acids to ensure
comprehensive coverage of potential binding
epitopes. ELISA assays were performed using
antibodies 93 and 641 to determine their spe-
cific binding patterns. As shown in Figure 4B,
4C, both 93 and 641 Ab demonstrated binding
to TrkB peptides; however, 93 Ab displayed
noticeably stronger binding to peptides number
13-15 compared to 641 Ab. In contrast, anti-
body 641 showed weaker and broader binding,
suggesting a different or more conformationally
sensitive epitope. These results identify the
binding site of antibody 93 within peptides
13-15 and suggest this region may be involved
in receptor activation and functional signaling.

Discussion

Breast cancer remains a leading cause of can-
cer-related mortality, driven by complex signal-
ing networks that regulate tumor initiation,
growth, metastasis, and therapeutic resistance
[29, 30]. Among these, BDNF and its receptor
TrkB encoded by NTRK2, which are traditionally
associated with neurodevelopment but are in-

Am J Cancer Res 2025;15(9):3947-3956
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A CDRH-3

CDRH-1 TrkB D5 domain

CDRH-1 641 Heavy
Chain

c CDR Regions Interacting Interacting CDR Regions Interacting Interacting
(IMGT residues of 93 residues of Trkb (IMGT residues of 641 residues of Trkb
Numbering) Fab region D5 domain Numbering) Fab region D5 domain
CDRH-1 Arg 31 Phe 305, Thr 306, CDRH-1 Asn 28 Thr 306
Cys 302, Cys 345 CDRH-1 Asn31 Cys 302, Cys 345,
CDRH-1 Asn 33 Asp 298, His 300 Gly 344, Phe 305
CDRH-2 Asp 54 Lys 333 CDRH-1 Tyr 32 Glu 293
CDRH-2 Ser 56 Lys 333 EDRHE- Asn S5 Asp:298
FR-3 Asn 74 His 335 EORI2 Rap-5e il
CDRL-1 Arg 34 Phe 378 CRRR-S a9 298
CDRL-1 Tyr 36 Ser 297 CDRL-1 Arg 34 Ser 297, Phe 378
CDRL-2 Arg 51 Ser 207 GORlA Tyr 30 Seral
CDRL-2 Ser 56 Trp 381 €hRl2 Arg 51 b
CDRL-2 Ser 56 Gly 380

Figure 3. AlphaFold 3 predicted structural model of the anti-TrkB antibody bound to the TrkB receptor. A. Predicted
complex of TrkB with the 93 antibody. TrkB is displayed as green surface, while the heavy and light chains of the 93
antibody are shown as yellow and violet cartoons, respectively. B. Predicted complex of TrkB with the 641 antibody.
TrkB is shown as an orange surface, with the heavy and light chains of the 641 antibody depicted in green and
blue color cartoon, respectively. C. Summary of the interaction interfaces between the Fab regions of 641 and 93

antibodies and the TrkB epitope.

Table 2. The predicted binding affinities for
TrkB antibodies-TrkB D5 domain

Antibody TrkB Receptor Kp (NM)
93 D5 domain 0.051 nM
641 D5 domain 0.93 nM

Table presenting the predicted binding affinities (Kd
values) for each antibody - TrkB interaction, as estimated
using the PRODIGY web server.

creasingly implicated in oncogenesis. The im-
mune system, while primarily a defense mecha-
nism, can paradoxically support tumor progres-
sion under pathological conditions. Tumor cells
often present mutated, overexpressed, or aber-
rantly glycosylated surface antigens that may
break immune tolerance and stimulate autoan-
tibody production. Some of these autoantibod-
ies are not mere bystanders; rather, they can
function as ligand mimetics. A classic example
of pathogenic autoantibodies is the thyroid-
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stimulating autoantibody found in patients with
Graves’ disease. These antibodies bind to the
thyroid-stimulating hormone (TSH) receptor, le-
ading to excessive synthesis and unregulated
release of thyroid hormones [31, 32]. Similarly,
our previous work and that of others have
shown that autoantibodies targeting TrkB can
exhibit either agonistic or antagonistic activity,
with direct consequences for tumor cell behav-
ior. In this study, we were guided by our previ-
ous study and were curious that from two
patient-derived antibodies that both bind to
TrkB have opposing functional effects. Anti-
body 93 mimics BDNF by activating TrkB signal-
ing pathways, enhancing phosphorylation of
downstream effectors, and promoting breast
cancer cell proliferation. In contrast, antibody
641 shows no agonistic activity and inhibits
tumor cell growth, functioning more like an
antagonist. These functional differences were
traced to their binding orientations, as revealed
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peptide no.

Peptide no. Sequence Region

1 Blank

2 GKSITLSCSVAGDPVPNMYW 211-230
3 AGDPVPNMYWDVGNLVSKHM 221-240
4 DVGNLVSKHMNETSHTQGSL 231-250
5 NETSHTQGSLRITNISSDDS 241-260
6 RITNISSDDSGKQISCVAEN 251-270
7 GKQISCVAENLVGEDQDSVN 261-280
8 LVGEDQDSVNLTVHFAPTIT 271-290
9 LTVHFAPTITFLESPTSDHH 281-300
10 FLESPTSDHHWCIPFTVKGN 291-310
11 WCIPFTVKGNPKPALQWFYN 301-320
12 PKPALQWFYNGAILNESKYI 311-330
13 GAILNESKYICTKIHVTNHT 321-340
14 CTKIHVTNHTEYHGCLQLDN 331-350
15 EYHGCLQLDNPTHMNNGDYT 341-360
16 PTHMNNGDYTLIAKNEYGKD 351-370
17 LIAKNEYGKDEKQISAHFMG 361-380
18 EKQISAHFMGWPGIDDGANP 371-390
19 WPGIDDGANPNYPDVIYEDY 381-400
20 NYPDVIYEDYGTAANDIGDT 391-410
21 GTAANDIGDTTNRSNEIPST 400-420

Figure 4. Epitope mapping and validation of TrkB antibody binding regions for 93 and 641 antibodies. A. Binding
activity of antibodies 93 and 641 against two recombinant fragments of the TrkB extracellular domain: residues 32-
426 and 197-426. BSA was used as a negative control. B. A panel of overlapping synthetic peptides covering amino
acids 211-420 of the TrkB extracellular domain was synthesized, with each peptide overlapping by 10 amino acids
to ensure complete coverage. For ELISA assays, biotinylated peptides were immobilized on streptavidin-coated 96-
well plates. Antibodies 93 and 641 were added at a concentration of 10 ug/mL, followed by HRP-conjugated anti-
human Fc antibodies (1:5000 dilution). C. Peptide sequence list. Amino acid sequences of the overlapping peptides

used for epitope mapping in (B).

by AlphaFold3 modeling and peptide mapping,
which showed that 93 and 641 interact with
overlapping but distinct epitopes within the
TrkB D5 domain. Importantly, we also identified
a previously uncharacterized activation inter-
face on TrkB. This discovery may provide a
direction in which we can use engineered anti-
bodies to selectively contact or block this acti-
vation site to inhibit oncogenic TrkB signals
or, conversely, to activate TrkB in a clinical
setting.

In this study, our finding highlight the clinical
relevance of NTRK2 in breast cancer. Analysis
of TCGA datasets revealed that TrkB expres-
sion varies across subtypes, with particularly
high expression in basal-like and luminal A
tumors. In particular, higher TrkB expression
correlated with poor survival in triple-negative
breast cancer (TNBC) patients, suggesting that
TrkB is not only a marker of aggressive disease
but also a potential driver. In addition, muta-
tional profiling uncovered recurrent alterations
in the extracellular domain (e.g., P56L, D230N,
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A284T), which may further modulate receptor
activity and antigenicity, potentially contribut-
ing to autoantibody generation in the tumor
microenvironment. Importantly, it is not clear
that the relationship between these mutated in
TrkB and autoantibodies. The further studies
will be necessary to investigate whether these
TrkB mutations can function as neoantigens in
patients and whether they influence the gener-
ation or binding of TrkB-targeting autoantibod-
ies. These findings suggest that certain autoan-
tibodies, such as antibody 93, may mimic the
natural ligand BDNF and activate TrkB signal-
ing pathways, including PI3K/AKT and MAPK/
ERK as illustrated in the proposed model
(Figure 5). In the context of cancer, activation
of TrkB promotes cell survival, proliferation,
migration, and invasion. Thus, agonistic auto-
antibodies may play an unexpected tumor-pro-
moting role by sustaining TrkB-mediated onco-
genic signaling.

In summary, we defined the epitope recognized
by TrkB agonist antibody 93 and identified the

Am J Cancer Res 2025;15(9):3947-3956
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Figure 5. Proposed model of TrkB activation and
downstream signaling in breast cancer. TrkB auto-
antibodies may activate PI3K/AKT and MAPK/ERK
pathways similar to the natural ligand BDNF, thereby
promoting cancer cell growth and survival. This mod-
el illustrates a potential mechanism by which ago-
nistic autoantibodies contribute to TrkB-mediated
oncogenic signaling in the tumor microenvironment.

activation site on the receptor. Future studies
should aim to more precisely characterize the
kinetics and signaling duration of antibody 93
and BDNF. A deeper understanding of these
dynamics will be essential for elucidating their
roles in downstream immune modulation and
therapeutic efficacy. These findings extend our
understanding of the role of TrkB autoantibod-
ies in breast cancer and TrkB receptor function.
We currently do not have direct evidence dem-
onstrating that high TrkB expression leads to
the breakdown of immune tolerance, however,
previous studies have shown that overexpres-
sion of membrane receptors such as EGFR,
HER2, MET, can elicit autoantibody responses
in cancer patients. Similarly, autoantibodies
specific to estrogen receptor also has been
reported to associated with humoral immune
activation. These precedents support the pos-
sibility that elevated TrkB expression, particu-
larly in aggressive breast cancer subtypes,
may trigger a similar immune response contrib-
utes to the breakdown of immune tolerance
and the generation of autoantibodies could be
further study. The potential role of TrkB in dis-
rupting immune tolerance and promoting auto-
antibody generation warrants further inves-
tigation.
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