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Extended DataFig.15|Graphical abstract. Aberrantintratumoral expression  of high-affinity NMDAR-binding antibodies, which constrain tumour growth
of proteins normally restricted to the central nervous system (onconeural but, on crossing the blood-brain barrier, modulate NMDAR function on binding.
antigens), suchas NMDARs, is sufficient to recruit and induce maturation of Antibody-induced receptor modulationleads to disordered neuronal activation,
pre-existing B cells with unmutated germline-configuration receptors that manifesting asareduced seizure threshold in mice. The diagram was created

have low baseline NMDAR affinity. Affinity maturationresultsinthe production  using BioRender.
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Reporting Summary

Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

|X’ A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Gjve P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

OXX O OO0 000F%

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  Electrophysiological data for NMDAR currents were acquired using PatchMaster (HEKA). Cryo-EM data was collected using Thermo Fisher
Scientific EPU software (version 2.10.0.5). Surface plasmon resonance data was acquired using the Cytiva Biacore Evaluation Software.
Metabolic cage data was recorded using Oxymax for Windows (version 5.71). Flow cytometry data was acquired using Sony Cell Sorter, BD
FACSDiva and Guava inCyte software.

Data analysis For flow cytometry data, FlowJo (v10) was used for gating and analysis. Scanned histological sections were analyzed using ImageJ (v1.51) and
QuPath (v0.5.1). Cryo-EM data was processed using WARP (v2), Relion (v4), and cryoSPARC (v3.2 to 4.6, reflecting release of updated versions
during the study). Final structural models were generated in WinCoot (v0.9.8) and refined in PHENIX (v1.20.1), and figures were created using
UCSF ChimeraX (v1.4) and PyMOL (v2.5.5). B-cell receptor (BCR) phylogenetic reconstructions were performed using enclone (v0.5).
Electrophysiology data was analyzed using Origin (v8, OriginLab Corp). Downstream data analysis was performed using R (v4.4.0). In particular,
SPR data was analyzed using the anabel package (v3.0.1) for R. Gene expression data was analyzed using the edgeR (v4) package for R.

Code notebooks comprising R scripts and resource files required to reproduce RNA-seq, single-cell and Visium HD analyses are available from
Github and have been deposited in Mendeley Data (10.17632/3d7wfzbg2t.1).

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.




Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

New datasets generated: Cryo-EM maps and structural models (containing antibody amino acid sequences) will be deposited in the Electron Microscopy Data Bank
(EMDB) and Protein Data Bank (PDB), respectively, prior to publication. The plasmid sequence for the PB-TRE-Grin construct was deposited at GenBank under
accession number XXXX. Raw bulk RNA sequencing data have been deposited in NCBI Sequence Read Archive (SRA) under project ID PRINA1370999. Raw mouse-
derived single-cell RNA sequencing data have been deposited in NCBI SRA under project ID PRINA1371359. Raw human-derived single-cell RNA sequencing data
have been deposited in the European Genome-phenome Archive (EGA) under accession number XXXX — this data is stored under restricted access to protect patient
privacy. Mouse- and human-derived 10X Genomics output data directories (single-cell RNA sequencing, Visium HD), corresponding processed Seurat matrices and
configuration files for ‘cellranger multi’ have been deposited at Mendeley Data (10.17632/mgb9r3tgz8.1). Processed count matrices have been deposited at
Mendeley Data (10.17632/5tyvaxggpc.1).

Publicly available datasets: Processed scRNA-seq data from published human thymus samples is available from CELLXGENE, while raw data is available from ENA
with study accession PRIEB77091. Breast cancer clinicopathological, protein array (where available) and processed RNA sequencing data is available from cBioPortal
for TCGA-BRCA and METABRIC. Count-level bulk RNA sequencing data for TCGA-BRCA is available from UCSC Xena. Published cryo-EM models referenced in this
paper are available from PDB with accession codes 6wi0, 7saa, 9arf, 8vuv, 8vun, 8vuy, 8vus, 8jj1, 8jiz.

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender All patients recruited for this study were assigned female sex at birth, reflecting the epidemiology of TNBC and anti-NMDAR
encephalitis. Gender identity was not recorded separately and was not a variable in study design or analysis.

Reporting on race, ethnicity, or ' Race and ethnicity were not reported for the Northwell cohort and were unavailable for vendor-supplied specimens. No

other socially relevant analyses requiring social groupings were performed.
groupings
Population characteristics The primary TNBC discovery cohort consisted of forty-eight women treated at Northwell Health with an age range of 26-89.

Peripheral blood was drawn intra-operatively and processed within two hours. Fresh tumour was available for a subset of
cases when excess clinical tissue permitted, minced, and viably cryopreserved at —80 °C. Five additional matched plasma—
tumour pairs were purchased from BioChain (age range 36-70), and one frozen tumour section (patient FRO01D525) was
obtained from Origene for Visium HD spatial transcriptomics. To define the physiological range of anti-NMDAR antibody
titres, plasma from twenty-three healthy women aged 18-30 years was procured from BiolVT under its IRB protocol as
controls to benchmark antibody titers observed in the patient cohorts. Finally, PBMCs for B-cell cloning were collected from a
28-year-old woman with confirmed ANRE who had consented to research participation at the University of Oxford. All TNBC
tumors satisfied standard immunohistochemical definitions of triple-negative disease (estrogen-receptor and progesterone-
receptor expression each < 1 % of tumor nuclei; HER2 score 0-1 + or 2 + with negative fluorescence in situ hybridization).

Recruitment Northwell patients were recruited during surgical scheduling visits and enrolled if they were > 18 years old, had stage 111l
TNBC, and could provide informed consent. No exclusions were made on the basis of race, ethnicity, socioeconomic status,
or comorbidity. Cases were selected based on available sample material, with investigators blinded to most
clinicopathological and demographic information at selection, minimizing selection bias. Potential self-selection bias exists as
participation required attendance at surgical visits and consent; however, this is unlikely to substantially impact results given
the blinded selection process and absence of other exclusion criteria.

Vendor cohorts were recruited independently by BioChain and Origene under broad-consent protocols that permit
anonymized research use of residual biospecimens; the authors played no role in that recruitment. Healthy control plasma
donors were enrolled by BiolVT through its established volunteer program. The ANRE participant was identified on the basis
of a confirmed diagnosis of anti-NMDAR encephalitis through a UK observational study of autoimmune encephalitis and
contributed a one-time blood sample.

Ethics oversight Human-subject oversight was provided by the Northwell Health Institutional Review Board (IRB 20-0150) for the prospective
TNBC cohort and the South Central-Oxford A Research Ethics Committee (REC16/YH/0013) for the ANRE study. Vendor-
procured specimens received IRB approvals from their respective institutions, as was verified by each vendor. The authors
affirm that all human research was performed in accordance with the relevant guidelines and regulations, and that informed
consent was obtained as described above.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences

|:| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size

Data exclusions

Replication

Randomization

For cryo-EM experiments, the dataset size is primarily determined by microscope availability and so this could not be pre-determined.

For electrophysiology experiments, only healthy ococytes were studied. Healthy oocytes were defined by a clear spherical shape with
distinguishable animal and vegetal hemisphere, as well as evident currents induced by glycine and glutamate. Electrophysiological data
collection for each antibody was measured using at least five NMDAR-expressing oocytes. No formal sample size calculation was performed;
this sample size is consistent with standard practice in Xenopus oocyte electrophysiology studies where technical variability is low and n=5 is
typically sufficient to detect biologically meaningful differences in receptor function.

For surface plasmon resonance experiments, each antibody-receptor pair dataset reflects a single data collection. No replicate experiments
were performed as single-cycle kinetics methodology generates binding data across multiple analyte concentrations within a single run, with
each concentration point contributing to the kinetic fit. This approach is standard for SPR kinetic analysis (see PMID 16337141) and provides
robust determination of binding parameters.

For mouse experiments, the sample size was generally predetermined according to the type of experiment based on common practice. For B
cell isolation experiments, tumors from at least five mice were pooled together to ensure we captured a representative sample of tumor-
infiltrating B cells and to obtain sufficient cell numbers for downstream analysis.. For intracerebroventricular antibody infusion experiments to
detect seizure thresholds, we estimated that a sample size of 20 animals (10 per group) would be required, based on the power calculation
assuming a prevalence of any seizure of 5% in the MGO53-treated group and 60% in the SK3D-treated group, with an alpha of 5% and power
of 80%. For intracerebroventricular antibody infusion experiments to detect differences in energy expenditure, we estimated that a sample
size of 8 animals (4 per group) would be required. This is based on a power calculation assuming a mean energy expenditure of 0.6 kcal/hour
(SD 0.4) in the control group, doubling to 1.2 kcal/hour in the SK3D-treated group, with an alpha of 5% and a power of 80%. For tumor
treatment experiments in B-cell deficient mice, a sample size of 4 animals per group was used for this proof-of-principle study to demonstrate
feasibility of the approach.

For human sample experiments, all analyses were exploratory and no sample size calculation was performed.

No outlier data points were manually excluded.

For intracerebroventricular infusions, we deliberately included a C-terminal FLAG tag in SK3D IgG in order to exclude SK3D-treated mice
where we could not detect clear hippocampal anti-FLAG staining on endpoint brain sections. There are multiple reasons why
intracerebroventricular pumps can be blocked, including, but not limited to, mechanical blockage, infection, occlusion of the outflow point,
and we believe this exclusion criteria substantially improves the power of our study to detect differences between groups.

For cryo-EM analysis, no micrographs were excluded. For initial cryo-EM particle processing, particles were automatically excluded by multiple
rounds of heterogenous refinement, using manually selected low-resolution volumes reflecting antibody-receptor complexes. For datasets
where the proportion of bound particles was relatively low, antibody-bound 3D classes were manually selected.

All Western blot experiments were repeated at least three times.

Histological stains including immunohistochemistry and RNAscope were performed on multiple tumor sections and representative images
were selected for inclusion in the manuscript.

B cell isolation (from tumors and from tumor-draining lymph nodes) and sequencing was performed on two separate occasions with
independent cohorts of pooled mice, with NMDAR-binding B cell receptors isolated from both cohorts.

For the structural experiments, protein expression of antibodies and NMDA proteins was successfully reproduced at least three times. Cryo-
EM data collection for each antibody-receptor complex was generally performed in a single 24 hour period. In light of the very low proportion
of bound particles in the SK5B-Germline dataset, this was repeated on two separate occasions.

The underlying data for the seizure induction paradigm (Fig 5i) incorporates the results of three independent biological replicates, with the
results of each individual replicate confirming the association between SK3D treatment and seizure propensity. An additional replicate of
SK3D-induced seizure potentiation is shown in Fig. S25e. Metabolic cage data showing altered energy expenditure was replicated across at
least three independent cohorts.

Spatial RNA profiling was performed on a single TNBC tumor section as an exploratory analysis.Experiments with the 4T1-NMDAR tumor
model, including tumor growth kinetics, longitudinal antibody titers, and immunofluorescence of tumor sections, were performed across at
least three independent cohorts with consistent findings. B cell isolation from the 4T1-NMDAR model was performed across four independent
cohorts of mice. Electrophysiology dose-response experiments were performed using at least five independent oocytes per antibody at each
concentration tested. In vitro cytotoxicity assays were performed with multiple replicates per concentration showing consistent dose-
dependent effects, and the core findings were replicated in at least two experiments.

Patient plasma ELISA analysis was performed once per sample across 53 TNBC patients, with immunofluorescence and flow cytometry
validation performed on available tissue from a subset. All replication attempts were successful.

For comparison between SK3D-, SK5G- and mGO53- treated mice, the mice were randomized into treatment groups after the initial PBS run-
in. For tumor treatment experiments in B-cell deficient mice (Fig S23d), mice were randomized to receive either mGO53 or SK3D treatment
groups at the time of DOX initiation.For 4T1-NMDAR tumor experiments comparing DOX versus vehicle treatment (Fig 2, Fig S4), mice were
randomly allocated to treatment groups when tumors reached 100 mm?. For B cell isolation experiments, mice were not randomly allocated
but were instead selected based on high antibody titers (=500 ng/ml) measured by ELISA, as the experimental objective was to isolate and
characterize NMDAR-reactive B cells from mice with robust humoral responses. For electrophysiology experiments, oocytes from the same
batch were randomly assigned to different antibody treatment conditions to control for batch-to-batch variability in receptor expression
levels.

For human patient sample analysis, samples were analyzed from consecutively recruited patients meeting inclusion criteria (female,
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histologically confirmed TNBC, plasma collected at surgery). This was an observational study and no experimental allocation was performed.
For the subset of patients selected for immunofluorescence and flow cytometry validation, samples were selected based on antibody titer
status (Ab-High vs No-Ab) and tissue availability.

For cryo-EM resolution estimation and to avoid overfitting, cryo-EM particles were randomly split into two sets during 3D refinement.

Blinding For the majority of experiments, the investigators were not blinded to group allocation as they performed both the experiment and analysis
making blinding not possible. Seizure scoring was performed by investigators who were not blinded to treatment group but all sessions were
video recorded, and scoring was verified by an independent review of all recordings with timestamped seizure episodes. The seizure events
assessed - generalized tonic-clonic seizures, forelimb clonus, tail dorsiflexion, and myoclonic jerks - represent distinctive, stereotyped
behaviors that can be unambiguously identified on video review, minimizing the potential for observer bias
Notably, blinding was performed specifically for detection of NMDAR expression in histopathological slides and initial electrophysiological
screening of matured antibodies.

For cryo-EM particle processing blinding was not possible as careful analysis of all intermediate results is required to generate high-resolution
reconstructions.

For tumor volume measurements in mouse experiments, investigators were not blinded to treatment allocation. However, tumor dimensions
were measured using calipers according to a standardized protocol, and the quantitative nature of these measurements limits the potential
for bias.

For experiments with automated or quantitative readouts - including ELISA, flow cytometry, surface plasmon resonance, metabolic cage
measurements (energy expenditure, activity, body weight), and RNA/DNA sequencing, blinding was not relevant as data acquisition and
primary analysis were performed using automated instruments and computational pipelines that eliminate subjective interpretation.

For patient sample analysis, investigators analyzing plasma ELISA results were not blinded to clinical information. However, the quantitative
nature of ELISA measurements and the observational study design make blinding not applicable to this analysis.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies |:| ChlIP-seq
Eukaryotic cell lines D IZ Flow cytometry
Palaeontology and archaeology D MRI-based neuroimaging

Animals and other organisms
Clinical data

Dual use research of concern
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Plants

Antibodies

Antibodies used Anti-NMDAR: 003-102 (recombinantly purified in this study, originally isolated from a patient in PMID 27543972), 1gG2 (purified from
hybridoma supernatant in the study, originally isolated from an immunized mouse in PBMID 35177668). We further report a panel of
mouse-derived NMDAR-binding antibody clonotypes (SK3D, SK5A, SK5B, SK5G) and one human-derived NMDAR-binding antibody
clonotype (OX1), with amino acid sequences provided in PDB files.

For Western blotting: anti-GluN1 (Cell Signaling, 5704, dilution 1:1000), anti-GluN2B (Cell Signaling, 4207, dilution 1:1000).
For immunohistochemistry or immunofluorescence:

Anti-GluN1: custom as above, dilution 1:150 (fluorophore-conjugated)

Anti-GluN2B: custom as above, dilution 1:150 (fluorophore-conjugated) or 1:250 (HRP-conjugated)

Anti-CD3: BioLegend, 100209, dilution 1:100

Anti-panCK: Novus Biologicals, NBP1-48348, dilution 1:200

Anti-CD45R: Proteintech, CL555-65139, dilution 1:100

Anti-FLAG: Cell Signaling Technology, 14793, dilution 1:500

Validation Anti-NMDAR: A cryo-EM structure for the specific binding of 003-102 IgG to the NMDAR GIuN1-ATD has been previously reported
(PDB 8VUR). A cryo-EM structure for the specific binding of 1gG2 1gG to the NMDAR GIuN2B-ATD has been previously reported (PDB
7TE9). We performed additional verification of these antibodies using brain sections as a positive control, shown as Supplementary
Figure 2. For mouse-derived NMDAR-binding antibodies described in this study, we report cryo-EM, ELISA and SPR data confirming
NMDAR binding. For Western blot antibodies, manufacturers provide validation data using rat and mouse brain lysates, confirming a
specific band at the expected molecular weight.

Anti-CD3: Manufacturer provides validation data, specifically they show staining in the expected anatomical distribution of mouse
spleen. We performed additional verification of this antibody using mouse spleen as a positive control.

Anti-panCK: Manufacturer provides validation data, specifically showing staining of epithelial cells (e.g. Hela) by flow cytometry and
immunohistochemistry in epithelial tissues (e.g. breast carcinoma), Western blot for lysate of epithelial cells showing bands at the
expected molecular weight for keratins. We have further confirmed that the distribution of positive staining in our samples
corresponds to epithelial tissue as visible by H&E stained sections.

Anti-CD45R: RA3-6B2 clone has been previously validated. We performed additional verification of this antibody using mouse spleen
as a positive control, which confirmed staining in the expected anatomical distribution. The manufacturer specifically reports
immunohistochemical staining in mouse tonsil and mouse spleen samples, showing a pattern of staining in the expected anatomical
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distribution; they further report positive staining by flow cytometry in mouse splenocytes.

Anti-FLAG: Manufacturer provides validation data (Western blot). We performed additional verification of this antibody by staining
mouse brain sections through the hippocampus with FLAG-tagged anti-GluN1 antibody, and using these stained sections as a positive
control.

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s)

Authentication

4T1 cells were obtained from the laboratory of M.Egeblad, which were originally obtained from ATCC. Sf9 insect cells were
obtained from Thermo Fisher Scientific (11496015). HEK293S GnTI- cells were obtained from American Type Culture
Collection (CRL-3022). Xenopus oocytes were harvested from the frogs raised in the animal facilities of Cold Spring Harbor
Laboratory.

None of the cell lines were authenicated after arrival in our lab except for 4T1, for which a previously identified mitochondrial
mutation was verified in our hands.

Mycoplasma contamination All cell lines were tested for Mycoplasma and confirmed negative prior to use in experiments.

Commonly misidentified lines  No misidentified lines were used in this study.

(See ICLAC register)

Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in

Research

Laboratory animals

Wild animals

Reporting on sex

Field-collected samples

Ethics oversight

Female BALB/c, BALB/c-IghJ-KO (Cyagen C001345), C57BL/6 mice (8—14 weeks old) were used for tumor implantation and antibody
infusion experiments. Wild-type mice were obtained from Jackson Laboratory. All animals were housed under specific pathogen-free
conditions with a 12:12 light-dark cycle with controlled temperature (21-23°C) and humidity (40-60%) in animal facilities at Cold
Spring Harbor Laboratory (CSHL). Mice were allowed to acclimatize for at least one week after arrival in the facility.

Xenopus laevis oocytes were harvested from outbred adult female frogs raised in the animal facilities at CSHL. Adult female Xenopus
laevis (wild-type, outbred stock), ~2—4 years old, obtained from Xenopus 1 Corp. (Dexter, Ml, USA).

No wild animals were used in this study.

In consideration of the clinical context, where TNBC1, ANRE2,3, and their co-occurrence3,4 are predominantly observed in female
patients, we have proactively chosen to model the underlying biology in female mice to maximize translational relevance.
Furthermore, there are significant differences in symptom frequency and severity between male and female ANRE patients5,6. This
sexual dimorphism may be partly explained by sex hormone activity as estrogen receptor signaling directly modulates NMDAR
expression7,8 in the brain.

1. Gucalp, A. et al. Male breast cancer: a disease distinct from female breast cancer. Breast Cancer Res. Treat. 173, 37-48 (2019).

2. Dalmau, J. et al. An update on anti-NMDA receptor encephalitis for neurologists and psychiatrists: mechanisms and models. Lancet
Neurology 18, 1045-1057 (2019).

3. Titulaer, M. J. et al. Treatment and prognostic factors for long-term outcome in patients with anti-NMDA receptor encephalitis: an
observational cohort study. Lancet Neurology 12, 157-165 (2013).

4. Will, A. & Akalin, M. Paraneoplastic Limbic Encephalitis with NMDA Receptor (NR1) Antibodies in Breast Cancer (S08.007).
Neurology 78, S08.007-S08.007 (2012).

5. Viaccoz, A. et al. Clinical specificities of adult male patients with NMDA receptor antibodies encephalitis. Neurology 82, 556-563
(2014).

6. Miao, A. et al. Analysis of Relation Between Electroclinical Features and Cerebrospinal Fluid Antibody Titers in Patients With anti-
NMDAR Encephalitis. Clin. EEG Neurosci. 50, 56—62 (2018).

7. Gegenhuber, B., Wu, M. V., Bronstein, R. & Tollkuhn, J. Gene regulation by gonadal hormone receptors underlies brain sex
differences. Nature 606, 153-159 (2022).

8. Cyr, M. et al. Ovarian steroids and selective estrogen receptor modulators activity on rat brain NMDA and AMPA receptors. Brain
Res. Rev. 37, 153-161 (2001).

No field collected samples were used in the study.

All animal experiments and care were performed in strict accordance with the Cold Spring Harbor Laboratory (CSHL) Institutional
Animal Care and Use Committee (IACUC)

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Seed stocks N/A

Novel plant genotypes  N/A

Authentication N/A

Flow Cytometry

Plots
Confirm that:

X, The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).

All plots are contour plots with outliers or pseudocolor plots.

X, A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation

Instrument
Software

Cell population abundance

Gating strategy

For mouse tumor or tumor-draining lymph node scRNAseq suspensions - dissected tumors were minced and dissociated with
the Tumor Dissociation Kit (Miltenyi Biotec, 130-096-730) and the gentleMACS Dissociator (Miltenyi Biotec) according to the
manufacturer’s protocol. For human tumor scRNAseq suspensions - viably frozen tumors were thawed and dissociated with
the Tumor Dissociation Kit (Miltenyi Biotec, 130-095-929) and the gentleMACS Dissociator (Miltenyi Biotec) . After RBC lysis,
cells were resuspended in flow cytometry buffer (PBS with 2% FBS) and incubated in Fc blocking buffer (mouse or human).
Cells were then washed and stained with corresponding antibodies (+/- labeled NMDAR) in the dark for 30 minutes. For DOX-
treated 4T1-NMDAR cells, To prepare cells for flow cytometry, adherent cells were trypsinized and then the trypsin was
neutralized with serum-containing media before cells were resuspended in flow cytometry buffer (PBS with 2% FBS).

For tumor scRNAseq sorting - Sony SH800. For flow cytometry on DOX-treated 4T1-NMDAR cells - Guava EasyCyte. For flow
cytometry on mouse and human tumor suspensions - Dual Fortessa Cell Analyzer.

For tumor scRNAseq sorting - Sony Cell Sorter Software. For flow cytometry on DOX-treated 4T1-NMDAR cells - Guava InCyte
software. For flow cytometry on mouse and human tumor suspensions - BD FACSDiva software.

For tumor scRNAseq sorting of NMDAR-reactive B cells, sorting was performed in 'semi-purity’ mode which is expected to
yield cell purity above 97%. To characterize other components of the tumor microenvironment, this pure fraction was mixed
with CD45-negative cells. For flow cytometry of DOX-treated 4T1-NMDAR cells, and flow cytometry analysis of mouse and
human tumor suspensions, no sorting was performed, only phenotypic analysis.

Gating strategy for intratumoral cell populations are displayed in Fig. S5a, Fig. S6a and Fig. S65a. Briefly, putative cells (cf.
debris) and singlets were identified from FSC-A/SSC-A plots and FSC-A/FSC-H plots, respectively, using a standard gating
approach. Live cells were identified from histograms of log-scaled LIVE/DEAD Violet staining according to the manufacturer's
protocol, selecting the lower peak of the bimodal distribution. For the CD45, CD86, I1gD, CD138, CD3 and CD19 channels,
negative cells and positive cells were selected as the lower and higher peaks of the bimodal distribution, respectively. For the
PE channel, reflecting capture of labeled NMDAR, we manually selected the tail of the distribution.

X, Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.
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