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Supplemental Figure 1: Vascular measurements methods
(A). Sclerotic index measurement example of white matter vessel using NDP.view3 Web server (U13173-03, Hamamatsu Photonics K.K.). Twenty arterioles were selected for analysis, aiming to include most sclerosed vessels. Vessels in cross section were primarily selected and those in longitudinal section excluded. Many vessels were however in elliptical cross-section (as shown) and measures were therefore taken at both the shortest diameter and perpendicular to that axis and average values calculated. Internal diameters were measured using the endothelial borders, whereas external diameters taken from the basement membrane or adventitial borders and SI calculated (1 – (internal vascular diameter / external vascular diameter). The width of the perivascular space was also measured in the same axis as the vessel measurements. 
(B). PDGRF labelling and measurements of diameters of small vessels (ranging from 14 to 29 microns diameter as shown) taken as the shortest midpoint axis. Vessels were also categorized as type 1 vessels (black arrows) with circumferential labelling or type 2 (white arrowheads) with discontinuous or intermittent  labelling. Vessels were measured in longitudinal or cross-sectional axis and all non-contiguous, separate vascular structures were included. Single cells without capillary lumen were excluded. 
(C). COL4 labeled vessels in the middle temporal gyrus core  region. The asterisk in C is shown at higher magnification in Figures (D) and (E). COL4 detection using image analysis was used to outline and quantify the total number of vascular structures. All vessels with area greater than 25µ2, including irregularly shaped vessels (as shown with arrow in (E) and at higher magnification in (F)) had vessels diameter calculations using a python script generating random tangential intersects across the vessel lumen (as shown in a further example in (G)) from which the median value was calculated (note illustration in G does not correspond to the vessel shown in F). 
Bottom of figure shows a diagram of cases selected in groups of TLE, epilepsy controls and non-epilepsy controls for the neuropathology (vascular and myelin analysis), MRI/ diffusion weighted imaging (DWI) and gene expression studies. The arrows indicate case numbers common t each study. Statistical comparisons were made between : (1) Neuropathology data and DWI data, (2) Gene expression and DWI data and (3) Neuropsychology data and pathology data. The core inclusion criteria for each group are also shown. The control cases used for the DWI, neuropathology and gene expression studies were different for each study. ATL = anterior temporal lobectomy, ESBTB = epilepsy brain and tissue bank, L/R = left/right, M/F= male/female, HS=hippocampal sclerosis.   
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Supplemental Figure 2. White matter regions of interest
A-C. Examples of the white matter regions of interest (ROI) drawn with Qupath on sections labelled with PDGFR (A), neurofilament light chain (B) and COL4 (with vessel detection shown in yellow). Pink ROI is the superior temporal gyrus core ;  deep white matter (purple ROI). Turquoise ROI is the middle temporal gyrus core ; deep white matter (blue ROI). Green ROI is the inferior temporal gyrus core ; deep white matter (dark green ROI). Tissue artefacts were excluded from analysis (grey lines).
[image: A close-up of different colors of granite

Description automatically generated]
Supplemental Figure 3. Image analysis automated detection
Examples of automated detection of MAG, Iba1 and Tensacin C shown on the left with DAB staining and with different thresholds on the right side. Cell-pose method for estimation of neuronal number on NeuN stain is show in the cortex (left) compared to the white matter (right) with single, separate cells outlined in yellow. Cell-pose method for detection of white matter oligodendroglia is shown with OLIG2 on the bottom right (single cells outlined in red) with original DAB stain bottom left. 
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Supplemental Figure 4: Vascular measurements methods, SMA analysis
(A). For each large region of interest (ROI) of the core and deep white matter of the superior temporal gyrus (pink shades), mid temporal gyrus (blue shades) and inferior temporal gyrus (green shades) smaller regions of interest were randomly placed (each small box 0.25 mm2) to represent in total 10-20% of the large region area. In a pilot study of five cases (three TLE and 2 controls) comparison of vascular density data from evaluation of the larger ROI compared to small ROI showed good agreement using (B) Bland Altman plot (green dots = core, red dots = deep) and (C) Spearman’s correlation (see also supplemental methods). (D). SMA+ vessels with discontinuous labelling on automated detection using Qupath were occasionally overcounted as separate vascular structures and therefore an additional step tagging these vessels as (E) Type 1 (circumferential SMA) or (F) Type 2 (discontinuous SMA) was carried out and mean densities and vessel diameter calculated for each region. 
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Supplemental Figure 5: NeuN, Tenascin and neurofilament labelling
(A). NeuN labels single interstitial neurons in both core and deep white matter in TLE and control groups. (B). Tenascin C shows predominant expression in the white matter (lower figure), focally extending into the cortex around blood vessels and glial cells (top figure). (C). Relatively uniform patterns of axonal labelling were noted in core and deep white matter in TLE with neurofilament markers (compared to myelin markers) for neurofilament light chain NF-L, (D) medium (NF-M) and (E) heavy chain (NF-H); these are shown on serial sections with the same vessel indicated with an asterisk in each figure.  
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Supplemental Figure 6: Vascular measurements results
[bookmark: _Hlk154064078](A) COL4 vascular densities / mm2 and (B) SMA total vascular density /mm2 (standard deviation in error bars) for all regions of interest/ROI (Superior temporal gyrus (STG) core and deep white matter (red shades) and middle temporal gyrus (MTG) core and deep white matter (blue shades)) in TLE, non-epilepsy controls (NEC) and epilepsy control (EPC) groups. (C) PDGFR vessel types :  Vessels were categorized into small capillaries (less than 5 microns diameter), capillaries (5-10 microns diameter), small arterioles (10-25 microns diameter) and arterioles (> 25 microns diameter) in superior temporal gyrus core and deep white matter (STGC, STGD) and middle temporal gyrus core and deep white matter (MTGC, MTGD) and the relative density (graphs on left) and proportion (graphs on right) of vessel types calculated in TLE, non-epilepsy controls (NEC) and epilepsy control groups (EPC). In the superior temporal gyrus: Kruskal Wallis non-parametric tests between groups showed higher ultra-small capillary densities and relative proportions in the NEC group in the STGC (p=0.03) and STGD white matter (p=0.007) with higher small and larger arteriole measures in the STGD in the EPC group (p=0.04). In the middle temporal gyrus, differences were only observed in the MTGD between groups with lower ultra-small capillary density and proportions (p= 0.01) but higher capillary (p=0.04), small arteriole (p=0.035) and larger arteriole densities (p=0.018) in the TLE than NEC group. The bars with two arms represent Mann-Whitney tests (two groups as shown) and one arm Kruskal Wallis (for three groups). (D-G).  PDGFR vessel densities and diameters classified as type 1 or type 2 vessels in ROI between the three groups (see also data in Supplemental Table 2). (H-K). SMA vessel densities and diameters classified as type 1 or type 2 vessels in ROI between the three groups (see also data in Supplemental Table 2). (L). Double label SMA/PDGFR quantitative analysis:  Vessels in ROI in the core or deep white matter of STG and MTG were counted in the eight cases as: SMA+/PDGFR+ (type 1) with continuous SMA peri-vascular coverage or SMA+/PDGFR+ (type 2) with incomplete SMA coverage. Vessels only PDGFR+ were counted but SMA+/ PDGFR- vessels were not detected. The diameter of each counted vessel was also measured. Data is shown graphically with significantly higher type 2 vessels in TLE cases. The proportion of double-labelled vessels PDGFR+/SMA+ was lower in TLE (p=0.028 Mann Whitney test). Significance shown in graphs * p<0.05, ** p <0.01 and *** p<0.001

Supplemental Figure 7. Pathology correlations
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(A. B.) Pyramid graphical representation of pathology factors which showed significant differences between the superficial and deep white matter (data shown is average scores across all core and deep white matter regions) in non-epilepsy (NEC) and epilepsy control groups (EPC). Significance values shown as p values using Wilcoxon signed rank test. 
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(C, D.)  Heat Maps for Spearman’s correlations (r values shown in boxes) of pathology variable in Core (C) and Deep (D) white matter. Positive correlations shown in red and negative correlations in blue (darker colors for greater correlation coefficient). Significant values are shown in yellow font (p<0.05). There was an impression for clustering of vascular morphometry measures showing more frequent correlations with glial and myelin markers (outlined with black border) in both core and deep white matter. 
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Supplemental Figure 8. Hippocampal sclerosis (HS) compared to no-HS cases
(A). Bar graphs of pathology measures in HS and non-HS cases for PLP and PDGFR Type 1 vascular diameter in the core white matter showing significant differences between groups (p<0.05); other pathology variables did not show a difference in deep or core white matter regions. (B)  Gene expression showed reduced Olig2 and MAG (C) in deep white matter (p<0.05) in HS compared to non-lesional surgical epilepsy cases. (D).  Heatmap of the correlation matrix of pathway scores indicating positive correlation (orange) between Angiogenesis and Myelination. (Blue = negative correlation).  (E and F). The expression of genes known to interact with MAG such as MBP, SOX10 and NGFR, were significantly reduced in HS cases compared to no-HS cases (P<0.05; refer to the line graph in (E) for a visualization illustration, and table in (F) for specific fold change reduction). The network map extracted from STRING DB (a functional protein association network database [66] (F, left) shows the close interaction between MAG and MBP, SOX10, NGFR. (G). Series of correlation plots to illustrate the distribution of MAG and gene of interests, and their relationships in HS (grey) and no-HS groups (red). A positive association was observed between MAG and genes associated with myelination and angiogenesis in HS and no-HS groups (P<0.001, blue boxes), including MBP (Pearson’s coefficient, HS, no-HS dataset; 0.951, 0.953), NGFR (0.853, 0.778), OLIG2 (0.931, 0.929), PLLP (0.992, 0.977), SOX10 (0.943, 0.12). PTPRN2 (-0.695, -0.697) and RTN4 (-0.577, -0.670) negatively correlated with MAG expression in HS and no-HS cases (P<0.001; orange boxes). (H). Covariate plots where pathways scores, calculated by nSolver, were plotted against pathology groups (HS ‘true’ or no-HS ‘false’). The graph indicated that the pathway scores for myelination, angiogenesis, activated microglia, autophagy, lipid metabolism, cytokines, chromatin modification were lower in HS cases compared to no-HS cases, while the opposite was observed by other pathways.   
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Supplemental Figure 9. Clinical correlations of pathology measures with age.
(A-C). Age at surgery:  Correlated positively with SMA vascular diameter in the core white matter across all gyri (A) and with neurofilament-medium (NF-M) inversely in the deep white matter (B) whereas PDGFR type 1 vascular densities in the deep white matter positively correlated with age. (D-F). Duration of epilepsy: COL4 vascular density negatively correlated with duration in the core (D) and neurofilament-heavy chain labelling (NF-H) and (E) PDGFR type 2 vascular densities (F) in the deep white matter (all Spearman’s correlations, R2 value indicated on graphs, using graph pad statistical analysis ; p values <0.05 to 0.005). (G). Visual illustration showing the expression of targeted genes in cases with age of surgery over or under 40 years. The older cohort (green) show lower expression (p<0.05) of MAG, PLLP, OLIG2 mRNA compared to the younger cohort (purple) whereas the gene expression of PDGFR is higher in the younger cohort than the older cohort.
14

image1.jpeg
NEUROPATHOLOGY MRI/DWI GENE EXPRESSION

DWIIMAGING
+

Fixel based analysis
. N=24

TLE/HSN=16
No-HSTLEN=6
non-lesional frontal-lobe epilepsy N=6

FOCAL EPILEPSY
SURGICAL

HEALTHY ADULT
'CONTROLS WITH DWI
NON- EPILEPSY POST- N=70
MORTEM CONTROLS / NON- EPILEPSY POST-MORTEM
N=28 left + right Temporal lobes CONTROLS
N=4

NON-EPILEPSY
CONTROLS

PRE-OPERATIVE
NEUROPSYCHOMETRY

EPILEPSY (NON-TLE/NO N=43
LESION) POST-MORTEM EPILEPSY (NON-TLE/NO LESION)
CONTROLS POST-MORTEM CONTROLS

N=8 left +right temporal lobes N=4

EPILEPSY
CONTROLS





image2.jpeg




image3.jpeg




image4.jpeg
Difference

Average

r=0.7027
P =0,0003
o Y=1079°X-1.492

Small ROl
SMA total vascular density

o 10 20 30

Whole ROI
e SMA total vascular density





image5.jpeg




image6.tiff
sT6C
.
——
e weo S
STGD

éu
é
5

sT6C
e WEC PG
sT6D

mMTGC
TiE NEC
MTGD
TiE NEC

TLE NEC
MTGD
-
TE NEC

*
L_TLE_IL_NEC_IL_EPC_]

O

w )
- -

(wn) ¥2UIWVIO YYINOSVA Z 3dAL $4490d

©

0

L_TLE_IL_NEC_IL_EPC_|

o
<

LWW / ALISNIQ ¥VINOSVA Z 3dAL §¥490d

0

.
ta
i.
3o
H
.
.
.
.

C

Lun Rysuop sson

£ & & °
L s 1osson

IEEEERE]
L Kysuop ssan

[JsTG-Core

B s7G-Deep
[ MTG-Core
Il VTG-Deep

-

o

2001
150
100

ZUW/ ALISN3A ¥VINJSVA ¥100

<

NEC EPC

TLE

T T 1
(<] =]

I

o

L] ~N -
Juw

[aa]

NEC | EPC

TLE

=]

1 ALISN3Q ¥VINOSVA TVLOL +VINS

LTLEILNECIL_EPC_]

g © 2 © o
(wn) ¥3L3NVIQ ¥VINOSVA | 3dAL J490d

(NN ]

L_TLE _IL_NEC_IL_EPC_]

=)
3

0

S
e
w

LMW/ ALISNIQ ¥V INOSVA | 3dAL 98490d

EPC

NEC

: :

n
& & o » o
& 2 2

{wn) ¥313NVIQ ¥YINOSYAZ 3AL VWS

4

EPC

NEC

108100 4330

31 ¢330

104109 3402

94400d/+VNS ST3SSIA NOILHOIONA

t fousoas

Fiusoaavms 2 3ant
Fasuoaavms  3ea]
4904 1
Fousoaavms 2 3ens
Fosuoaavms + 3am1

CoNTROL

TE

TLE

s v o L)
& 2 2

AW | ALISNIQ ¥V INOSVA T 3dAL VIS

-

Mu

(wn) ¥313WVIQ YVINOSVA L IdAL VWS

EPC

NEC

TLE NEC EPC

§ 8 % 2
uml ¥313WVIa 13SS3A

4904

[ du4004vMs Z 3441

Fosuooavms 1 3¢
94904 I

dus00avms 2 30a1

Fdsoaavms § 3aa

CoNTROL

CORE

TE

% 3 % R
unl ¥313WVIQ 138S3A

10

DEEP

i
HFsauvaavis + 3448

- ousoaa m
Hdusoaavms z 3aufE

Wsauoaavws  30u

944904
1 Fousoaavms z3an|y

944904

I
| [ovsosavnsaon. |2

CORE

Feauoaavms + 3as
+ Housoas
Fouaoaavms z3ans |4

Foauoaavms  3ams

T T T 1
w ° w °

un) ¥3LIWVIO ¥VINOSVA | 3AL VNS

T

r
)
<

L yusep essep




image7.tiff
NEC

PLP LI+

COL4 VESSEL DIAM um o

PDGFRFRB TYPE 1 VESSEL DENSITY/mm 2
SMA TYPE 2 VESSEL DENSITY/mm 2|

SMA TYPE 1 VESSEL DENSITY/mm?

oLIG2/mm? (x10")4

A I A Core [ZHM A Deep

EPC

PLPLI

COL4 VESSEL DIAM pm p=0.004
PDGFRFRB TYPE 1 VESSEL DENSITY/mm?
SMA TYPE 2 VESSEL DENSITY/mm?

SMA TYPE 1 VESSEL DENSITY/mm?

oLIG2/mm? (x10")





image8.tiff
<+— MYELIN & GLIA —

M u u u x E z
C a © § 08 8 |8 |gls 4|2
s | 8 E 2 = g 2 |8 |8 A I
s o |88 S s a|z| 8 §|.|¢ |8z 855|853 2|4
Bl g|e G| [E|E)F 3 |c|®|cEoER[fE[EE Y i|il¢
== & BB g B |E |2 ilg E|lZ|E
g 8 |B |E g3 |1
.
o om a0s o [N
[PoGeRE U - a :
oo wo o o [ oo [
s
C“ . . o s om s [ e e om v um
e
o svscumomens | 2775 08 s oo om o am ao am[aw o o wm o s o aw om o
e z|: |2
D sl g (g |8 |8 |z 5| 088
g E Bl I o | B |83 |8alEs| 5| 5| 8|23
e | 3|5 |E|§ 8|5 |¥|=|¢ Eg|E3|EE(EE| % & |3 |:/|:<
B B0 |e7 2|2 3 | :|E|E
LI L -
DEEP
e WHITE
NEUN. o0 01m 00 0131 MATTER
a P T o
e | i o o avs am o vms ows ow i
=
> s cos o [ om e e oo 0w | o oo ww am e o





image9.tiff
CORE WHITE MATTER
*

PDGFRB TYPE 1 VASCULAR
DIAMETER (um)

HS  NOHS

>

CORE WHITE MATTER

25

HS NOHS

_ﬂ_f_.ﬂ___

o 50062

e
Unamaapoln
Acheted Microgia
Wyeteason

Cpores

femscrston s siing
Pocotoss

Transtr Relsse
v s Dendte Sief
TransterResponse o

Vesice Traticking
Neurs Comectuy
TromsterSyriness af
[R—
Troghic Facors.
-

Tsue sty
Disese Associton
Carbonysat Mool
Uniidod Prtein Respo

Tramcrpten and spicl
Coknes

Nyeinaton
Actuaed Micogta
Lpa eabotsm

[ES—

Expression

E T T T T O T S T Y
o Cow  EoM b e oM bt obors  Pur  cme W 8o
oot et — ot Ghage )| m. .
o ———— os
23 | et basc prown om| O N o
b — o
= — o
o et oal
- I sz )
= pe— I
[T e 1)
; et e
e es— o
s |t m
[P \m)
TR S e

“Significant differential expression (unadj. £>0.05)





image10.tiff
Pairwise expression associations color-coded by Lesional

PoGrRE
pval= 0017
false: 0.549
rue: 0,407

pval= 0082
false: 0.174
rue: 0459

pval= 08
false: 0.077(

rue: 0142,

pval= 028
faise: 0,044
true: 0.407|

e
pval= 05

false: 0408
true: 0.0364

pval= 052
false: 0239

rue: 0.047¢

pval= 003
false: 0.536

true: 0.253

vai = 1.80-2
fase: 0.977]
true: 0.992

PToRN2 soxto
pval= 051 pua pal= 081
false: 0.149)| false: -0.088] | false: -0.264
true: 0,155 | true:-0.317) | true: 0.0601/%

pual= 028 |pual= 012 pval= 061
fose: 0155 | fase: 0043 | false .omg
v0:0.374 | ;0501 rue: 00964
pvai= 059 |pvai= 0.7 pval= 0.19
o 0167 e 0364 1ot 04573
v 00368 | trae:-0202 | 0139

al = 5.50-0 | val = 0.0008ffval = 3.60-17
tatso: 0697 | faiso: 067 faise: 0.912)
true: 0695 | tue: -0577ff true: 0.943

coLant counz Ecr2 e ep NarR oucz
pval= 0.0016 pval= 036 | pval= 049 pval= 07 pvai= 089 | pval= 05
false: 0.71 | false: 0.064| | false: 0.434 | false: 0251 faise: 0.14) | faise: -0.41
ue:0.505 | tue:0.326| | true:0.0363  true: 0.0228  true: 0.0204 | true: 0.0269
pval= 014 | pval= 037 puval= 078 pval= 094 pval= 026
faiso: 0.433| false:-0.303 | false: 0.199 | faise: 0.143|| faise: 0326
tue: 0,193 | true:-0090%  true:0.0455 | true:-0.097 | true: 0153
pval= 0.095 pval= 019 pvai= 0.19 | pual= 012
falso: 0.418 | false: 0416 | false: 0.526| | false: 0.236
16:0262  tue: 0145 true:0.125 | true: 0.354
TOTETES, T ey
>val= 220-1¢ yval = 23007 val = 22-1]
false: 0.954 | false: 0778 | false: 0.929|
e 0951 | true: 0852 | true: 0.931
»val= 87007 hval = 1800
false: 0.737]| false: 0826
true: 0.837| | tue: 0814,
pval= 4007
false: 0.751)
true: 0.849)

pval= 041
false: 0.142

true: 0389

pval= 0.12
Talse: 0.074(
rue: 0436

»val = 61014
falso: 0.045]
true: 0,951

>val = 11007
false: 0.816
true: 0.855

>vai = 23611
faise: 0.882

true: 0,943

pval= 025
false: 0.017(

true: 0.398

Jval= 47001 >val = 276-1C
false: -0.71| | false: -0.747 false: 0.871) !
100058 | true 0866 ;0817

bl = 0.0054 fpuai= 0021 >val - 62011
fase: 0526 | falso: 0503 fae: 09
e 0722 | e 0418 ;0316

pval= 2004 |pvai= 0013 pval= 5101
fase: 0624 | false: 0581 | alo: 0.7
16079 | truei 0395 | ;0307

pual= 025 pval= 0021 pval= 0064

e 0020 | talse: 0593 | false 0129
w0071 || e 0334 tre: 0507/

Jval= 4,500 val = 00009(»val = 3101
oo 0653 | folso: 0643 | fase:0.927
;0698 | tru: 0564 | rue:0.96

pual= 012 >val= 1o

ke 0544 | falo nmzi

e 00307 | true: 0758
Com=vara
pval= 0016
e 05143
e 0427

Signatures

Activated Microglia
nesis
Apoptosis
Autophagy
/Axon and Dendrite Structure
Carbohydrate Metabolism

Growth Factor Signaling
Lipid Metabolism

Neuronal Cytoskeleton
Oxidative Stress

Tissue Integrity

‘Transcription and Spiicing
Transmitter Release

‘Transmitter Response and Reuptake
‘Transmitter Synthesis and Storage
Trophic Factors

Unfolded Protein Response

Vesicle Traffcking





image11.tiff
CORE WHITE MATTER DEEP WHITE MATTER DEEP WHITE MATTER

®
g

@
4

5

N
3

SMA TYPE 1 VASCULAR DIAMETER (um)

AGE AT SURGERY (years) AGE AT SURGERY (years) AGE AT SURGERY (years)

() PDGFRB TYPE 1 VASCULAR DENSITY / mm*

>
w

CORE WHITE MATTER DEEP WHITE MATTER DEEP WHITE MATTER
= 200 100 H
£ . - . 7 50
: . 3 80 . 3
£ . 3 H
£ 150 H . g0
8 2 60 .
= 100{—° o ® 3 S . £ 30
3 ~e X £ 40 >
3 o Ve 3 « 2031 &
3 k 2 . > R=031 2 50
Elad i ¢ . i 20 o 4
S ot T T , } T T  E
0 20 40 60 [ 20 40 60 E o
DURATION OF EPILEPSY DURATION OF EPILEPSY 2
2

lw)
m
-

DURATION OF EPILEPSY

s More than 40 yr
s Less than 40 yr

Expression

mRNA mRNA mANA mRNA mRNA mRNA mRNA mRNA mRNA mRNA mRNA mRNA
coLaa1  cOL4Az EGR2 VIAG ViEP NGFR oLiG2  PDGFRE PLLP PTPRN2 RTNA SoX10

G




