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Figure 1. A transcriptomic atlas of epileptogenic and acute activity-dependent gene
expression in the human brain. (a) Schematic of the experimental approach to perform multi-
modal transcriptomic profiling of freshly resected cortical tissue from individuals with DRE. (b)
Table listing the number and types of cortical samples sequenced by patient. (c) Uniform Manifold
Approximation and Projection (UMAP) plot of all cells in the dataset colored by sample type,
legend in bottom right. (d) UMAP colored by cell type, legend on right. (¢) Representative non-
epileptogenic cortical section profiled by Xenium, colored by cellular niche. (f) Same as (e) but
colored by cell type according to legend in (g). (g) UMAP of Xenium data by cell type.
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984  Figure 2. Epileptogenic activity induces shared IEGs and divergent effector programs in
985 intratelencephalic-projecting glutamatergic neurons. (a) Abundance of differentially expressed
986  genes (DEGs) between focal and non-focal regions, thresholded at FDR < 0.05, [log2FC| >
987  log2(1.5). Red, upregulated in focal region; blue, downregulated in focal region. (b) Venn diagram
988  of focally downregulated DEGs shared among Exc L1.2/3IT, Exc L5IT GRIN3A, and Exc_L6IT
989 neurons. (c) Venn diagram of focally upregulated DEGs shared among Exc L2/3IT,
990 Exc LSIT GRIN3A, and Exc L6IT. A subset of shared immediate early genes (IEGs) is
991  highlighted. (d) Volcano plots of DEGs in Exc L2/3IT, Exc L5IT GRIN3A and Exc L6IT
992  neurons between focal and non-focal conditions. The top 10 upregulated DEGs in each cell type
993  are highlighted in color, with all other genes shown in grey. Dashed lines indicate FDR = 0.05 and
994  |log2FC| = log2(1.5) thresholds. (¢) Heatmap demonstrating canonical IEG expression across
995 major cell types between focal and non-focal regions. Colors indicate log2FC according to the
996  scale on the right, where warmer colors are expressed more highly in the focal region. Asterisks
997  denote significant genes with [log2FC| > log2(1.5) and FDR < 0.05, as determined by MAST
998 (Model-based Analysis of Single-cell Transcriptomics) using a generalized linear hurdle model,
999  with patient identity included as a latent variable to control for inter-individual effects. Non-

1000 significant genes are shown in gray; only genes with min.pct > 0.1 were tested. (f) Heatmap of

1001  Gene Ontology (GO) enrichment across all cell types based on DEGs between focal and non-focal

1002  conditions, broken into functional modules. Significantly enriched GO terms (FDR < 0.05) are

1003  colored by —logl0(FDR), with non-significant terms shown in grey. (g) Heatmap of differential

1004 intercellular communication networks between focal and non-focal regions inferred by CellChat.

1005  Senders, y axis. Receivers, x axis. Red boxes denote putative signaling from and to GABAergic

1006  neurons. (h) Chord diagram showing ligand—receptor signaling from GABAergic neurons to IT-

1007  projecting glutamatergic neurons inferred by CellChat using DEG-mapped interactions (min.

1008  pct >10%, [log2FC| > 0.1).
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1031  Figure 3. Acute electrode stimulation triggers shared and cell-type-specific gene programs
1032  in neuronal and glial cells. (a) Abundance of differentially expressed genes (DEGs) between
1033  stimulated and unstimulated non-focal regions, thresholded at FDR < 0.05 and [log2FC| >

1034  log2(1.5). Red, upregulated by stimulation; blue, downregulated by stimulation. (b) Volcano plot
1035 of DEGs in Exc_L2/3IT neurons between stimulated and non-focal regions. The top 10 DEGs
1036  upregulated by stimulation and the top 5 DEGs downregulated by stimulation are highlighted in
1037 red and blue, respectively, with all other genes shown in grey. Dashed lines indicate [log2FC| =
1038  log2(1.5) thresholds. (c) Venn diagram of stimulation-induced DEGs shared among Exc L.2/3IT,
1039  Exc LSIT GRIN3A, and Exc L6IT neurons. Nine shared IEGs are highlighted. (d) Heatmap
1040  displaying differential expression of canonical IEGs and HSPs in focal compared to non-focal
1041  regions. Colors indicate log2FC as shown in the scale on the right, with warmer colors reflecting
1042  higher expression following stimulation. Asterisks denote significant genes with [log2FC| >
1043  log2(1.5) and FDR < 0.05. Non-significant genes are shown in gray; only genes with min.pct >
1044 0.1 were tested. (e) Same as (d) except IEGs induced by acute stimulation are plotted. (f)

1045  Heatmap displaying differential expression of HSPs in focal compared to non-focal regions.
1046  Warmer colors reflect higher expression following stimulation. Colors indicate 10g2FC as shown
1047  in the scale on the right, with warmer colors reflecting higher expression following stimulation.
1048  Asterisks denote significant genes with [log2FC| > log2(1.5) and FDR < 0.05. Non-significant
1049  genes are shown in gray; only genes with min.pct > 0.1 were tested. (g) Same as (f) except HSPs
1050 induced by acute stimulation are plotted. (h) Heatmap of Gene Ontology (GO) enrichment across
1051  major cell types based on DEGs between stimulated and unstimulated non-focal regions.

1052  Significantly enriched GO terms (FDR < 0.05) are colored by —log1 0(FDR), with non-significant
1053  terms shown in grey.
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1077

1078  Figure 4. Disambiguating disease- and activity-regulated transcripts in the human brain.
1079  (a)-(d) Scatter plots of DEGs in Exc L23IT (a), Exc L5IT _GRIN3A (b), Exc_L6IT (c), and
1080 Inh SST (d) neurons induced by both the eME and acute stimulation, as determined by MAST
1081  (Model-based Analysis of Single-cell Transcriptomics) using a generalized linear hurdle model,
1082  with patient identity included as a latent variable to control for inter-individual effects. The top
1083 10 shared upregulated and top10 shared downregulated DEGs in each cell type are labeled with
1084  gene symbol. Upregulated and downregulated DEGs are highlighted in red and blue (|log2FC| >
1085 log2(1.5), FDR < 0.05), respectively. (¢) Venn diagram displaying overlap between the 1,301
1086  unique transcripts upregulated within the eME and the transcripts induced by acute stimulation.
1087  (f) Venn diagram displaying overlap between the 711 unique transcripts downregulated within
1088 the eME and the transcripts downregulated by acute stimulation. (g) Gene ontology (GO)

1089  analysis of upregulated shared and unique transcripts as plotted in (e). (h) Heatmap showing
1090 differential expression of mitochondrial electron transport chain (ETC) complex genes and
1091  PLCB-ITPR2 axis components across major neuronal and non-neuronal cell types. The left panel
1092  shows focal versus non-focal regions, and the right panel shows stimulated versus non-focal
1093  regions. Genes are grouped by ETC complexes (Complex I-V) and the PLCB-ITPR2 axis as
1094  indicated. Colors represent log2 fold change (log2FC) according to the scale on the right, where
1095  warmer colors indicate higher expression relative to the non-focal region. Asterisks denote
1096  significantly differentially expressed genes with |[log2FC| > log2(1.5) and FDR < 0.05, as

1097  determined by MAST (Model-based Analysis of Single-cell Transcriptomics) using a generalized
1098 linear hurdle model, with patient identity included as a latent variable to control for inter-

1099 individual effects. Non-significant genes are shown in gray; only genes expressed in at least 10%
1100  of cells in either group (min.pct = 0.1) were tested.
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1124  Figure 5. Reactive astrocytes and microglia balance neuroinflammation within

1125  epileptogenic cortex. (a) Uniform Manifold Approximation and Projection (UMAP) plot of
1126  astrocytes following hierarchical sub-clustering, colored by subtypes (left). Feature plots

1127  showing expression of CD44 and APOE corresponding with RA and LARA scores (right). (b)
1128  Heatmap displaying the top 10 most highly enriched genes within each astrocytic subtype, colors
1129  indicate gene-wise z-score—normalized expression across astrocytic subtypes. (c) Volcano plot of
1130 DEGs in reactive astrocytes between focal and non-focal regions. The top 10 DEGs upregulated
1131  in focal and the top 10 DEGs downregulated in focal are highlighted in red and blue,

1132  respectively, with all other genes shown in grey. Dashed lines indicate [log2FC| = log2(1.5)
1133  thresholds. (d) Gene ontology terms enriched in reactive astrocytes in focal regions compared
1134  with non-focal regions. The y axis indicates —logl O(FDR). (e) Confocal images of cortical

1135  sections of focal and non-focal regions immunostained for the microglial marker IBA1 (green).
1136  Scale bar, 100 um. (f) Average area of individual microglia in focal versus non-focal regions. (g)
1137  Average density of microglia in focal versus non-focal regions. (f),(g) unpaired t test, n = 5 focal
1138  and 4 non-focal regions. (h) Example images of Xenium data showing microglia (red) within the
1139  L2/3 niche. Scale bar, 0.5 mm. (i) Box plots of microglial proportions across cortical layers in
1140 Xenium data in focal versus non-focal cortex. Each point represents one sample. Boxes indicate
1141  median and interquartile range, with whiskers extending to 1.5% IQR. P values were calculated
1142  using a two-sided Wilcoxon rank-sum test within each layer. Red, focal; blue, non-focal.
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1172  Figure 6. Circulating CD14+ monocytes display signs of activation in individuals with DRE.
1173  (a) Experimental approach to identify gene expression changes in peripheral blood mononuclear
1174  cells (PBMCs) isolated from four individuals in the study or seven healthy controls. (b) Uniform
1175  Manifold Approximation and Projection (UMAP) plot of all cells in the dataset colored by
1176  individual donor, legend in bottom right. (c) As in (b) but colored by cell type. (d) Abundance of
1177  differentially expressed genes (DEGs) between DRE and control individuals, thresholded at FDR
1178 < 0.05 and |log2FC| > log2(1.5). Red, upregulated in DRE; blue, downregulated in DRE. (e)
1179  Volcano plot of DEGs in CD14" monocytes between DRE and healthy controls. The top 10 DEGs
1180  upregulated in DRE are highlighted in color, with all other genes shown in grey. Dashed lines
1181  indicate |log2FC| = log2(1.2) thresholds. (f) Top 10 GO terms enriched within DEGs of CD14*
1182  monocytes upregulated in DRE versus healthy conditions. The y axis indicates —loglO(FDR). (g)
1183  Violin plot of predicted ATF3 regulon activity in CD14* monocytes from peripheral blood between
1184  DRE and healthy conditions, inferred by SCENIC. **p < 0.001 (two-sided Wilcoxon rank-sum
1185  test). (h) Heatmap of gene-set module scores across PBMC cell subtypes in DRE patients and
1186  healthy donors. Values are shown as column-wise Z-scores. Columns are grouped by major
1187  immune lineages (Myeloid, B cell, T/NK and Platelet) and labeled by the corresponding module.
1188  Asterisks indicate DRE—healthy differences for each subtype—module pair (two-sided Wilcoxon
1189  rank-sum test; *P < 0.05, **P < 0.01, ***P < 0.001).
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