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Supplementary Files

Supplementary Table 1: List of patients evaluated with
immunohistochemistry/immunofluorescence

This table exclusively includes demographic features of those patients, whose cadaveric
hippocampal samples were evaluated with immunohistochemistry/immunofluorescence.
Additional information about the clinical history of patients listed in this table is available
in Tables 1,2 and Additional File 2. PMI, post-mortem interval; GW, gestational weeks;

GCD, granule cell dispersion; mo, month(s).

Supplementary Table 2: List of seizure patients and controls in published reports
of GCD

Published reports of GCD were studied; and the number and nature of hippocampal
samples from epileptic patients and controls are tabulated along with respective age, if
specified. Percentage of epileptic cases or controls demonstrating GCD is also
mentioned. This table only includes reports that have at least performed a subjective
assessment of the hippocampal pathology. Number of controls specified for each study
categorically denotes the ones which do not have any history of seizures. We note that
these studies included very few non-seizure controls. Other types of “controls” used

have been mentioned in the comment section. PM, post-mortem.



70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

Supplementary Figures:

Supplementary Fig. 1: Control hippocampi demonstrate variable severities of
GCD

(a) Schematic of a coronal section of human hippocampus. (b-I') H&E-stained images
of coronal hippocampal sections of control human cadavers with no history of seizures,
demonstrating GCD. The areas within the dotted boxes were magnified (b’, ¢’, d’, e’, f,
g,h, i, j,k,I) to demonstrate the presence of GCD, as “tram-track” (TT),
disaggregated (DA) or both. Arrowhead, outer granular zone distal to hilus; open
arrowhead, inner granular zone proximal to hilus; bv, blood vessel. Scale bars: 1mm (b,

¢, d e fg hijkl),50un®, c, d e, fg kK, D.

Supplementary Fig. 2: GCD occurs independent of different clinical parameters in
patients with or without epileptic history

(a) Percentage of control hippocampi having GCD (white bars) was not significantly
different from that of epileptic hippocampi with GCD (red bars), across corrected age
groups (p>0.2; age 0 corresponds to term delivery or 40 gestational weeks). Proportion
for each group is marked in brackets. (b) Statistical analyses across binned post-
mortem intervals showed no significant difference in the percentage of GCD and non-
GCD groups with respect to PMI, in both controls and seizure cases. (c, ¢’) Maximum
thicknesses of control and epileptic “tram-track” (TT), disaggregated (DA) and compact
GC layers were plotted across ages of death. No significant correlation of compact and
DA thicknesses was observed with age or between control and seizure cases. Seizure

TT thickness demonstrated a slightly positive correlation with age of death, beyond 60
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weeks (R?=0.4517, p=0.0167). Compared to compact, DA and TT layer thicknesses
were significantly higher for both seizure cases and controls across ages. For better
visualization of younger samples, plot of GC layer thickness in patients who died
between -20 to +20 weeks of age (rectangle), is magnified in ¢’. (d) Proportion of GCD
in controls was similar to that in seizure cases across several clinical diagnoses, as
analyzed from patients’ clinical history. (e) No significant difference in the proportion of
total DG length that developed GCD was observed between control and epileptic
hippocampi (p=0.801, t=0.2557, df=18.55). Data are represented as 100% bar graphs
(a), 100% stacked columns (b), scatter plots (c, ¢’), normalized grouped columns (d) or
scatter plot with mean £SEM (e). Statistical analyses performed were two-way ANOVA,
followed by Tukey post-hoc test (a, b, d), linear regression fit (c, ¢’) and Welch-corrected

t-test (e). Differences were considered significant at p<0.05; ns, non-significant.

Supplementary Fig. 3: Distribution of neural progenitors is similar in cadaveric
controls and seizure cases with GCD

SOX2 (a-c, |, k), PAX6 (d-f, I, m), TBR2 (g-i, n, 0) are expressed in the nuclei of neural
progenitors. Immunohistochemistry of SOX2, PAX6 and TBR2 demonstrated no ectopic
presence of progenitors in the GCD-ed dentate gyri of either control or epileptic brains.
Blood vessels (bv) also express SOX2, PAX6 and TBR2. Fluorescence observed in the
cytoplasm of some brain samples reflects artefacts owing to the fixed cadaveric tissue
guality and non-specific antibody staining. TT, tram-track; DA, disaggregated;
arrowhead, outer granular zone distal to hilus; open arrowhead, inner granular zone

proximal to hilus; white arrow, TBR2* nucleus. Scalebars: 50um (a-0).
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117  Supplementary Fig. 4: Cadaveric control and seizure brains do not show

118  differential activation of macrophages and microglia

119 CD68 (a-e, k-0) and IBA1 (f-], p-t) are generic markers of macrophages and microglia
120  respectively, which get activated in response to tissue injury. Although some

121 hippocampal samples exhibited a few IBA1" activated, rounded or bushy microglia
122 (white arrow; f, g, i, J, p, S, t), no overt differential expression of CD-68 or IBA1 was
123 observed between control and epileptic brains. IBA1 staining in SZ-1 showed some
124  non-specific artefacts due to cell autolysis (h). TT, tram-track; DA, disaggregated;

125 arrowhead, outer granular zone distal to hilus; open arrowhead, inner granular zone
126  proximal to hilus; black arrow, CD68* cell. Scalebars: 50um (a-t).

127

128 Supplementary Fig. 5: GCD severity varies across sectioning planes in both

129 control and seizure brains

130 Two H&E-stained coronal sections from different antero-posterior levels of human

131 control (C-11; a, b) and epileptic (SZ-1; ¢, d) hippocampi were analyzed. Insets showed
132 the presence of GCD, especially “tram-track” (TT) subtype, in one section (a’, a"’, ¢’, c”")
133 but not in the other (b’, b™’, d’, d”), for both control and epileptic brains. DA,

134  disaggregated; C, compact; arrowhead, outer granular zone distal to hilus; open

135 arrowhead, inner granular zone proximal to hilus. Scalebars: 1mm (a, b, c, d); 200um
136 (a’,a”,b,b"”, c,c’, d, d).
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Supplementary Fig. 6: Alternative assessment method for GCD — averaging
across measurements fails to resolve focal forms of GCD

(a, b) Panels depict the same microscopic field of control hippocampus C-20. (a) Focal
DA zones are illustrated in the GC layer, as suggested by [4], adopted by many others
[1,16] and also applied in our study. (b) A contrasting morphometric approach has been
exemplified here, similar to that used by [8,13,15], whereby the average thickness of the
dentate GC layer is calculated by taking multiple measurements and GCD is diagnosed
only if this value is above the range found in controls. Mean thickness calculated from
the measurements in (b) including focal DA regions was statistically not different from
that without the DA measurements; the former average had a higher standard deviation
as expected. While the latter approach may seem more rigorous, selection of “straight”
fields for averaging is subjective, with a tendency of deliberately excluding foci of DA or

TT unless they significantly shift the mean thickness.



Supplementary Table 1: List of patients evaluated with immunohistochemistry/immunofluorescence

Code/Group | Age of death (GW) | Corrected age of death | Gender PMI Seizure (Y/N) | Seizure onset (interval before death) GCD (Y/N)

Seizure cases with GCD:

SZ-1a 7days 7days M 12h Y <24h Y

SZ-32 16years 16years F 22 h Y 13years Y

SZ-4b Byears Byears M not Y >5years; multiple episodes till death, Y
known intractable

SZ-82 18mo 18mo M 26 h Y 1-3 months of age; no further seizures Y

post-treatment of phenobarbital

SZ-102 Sweeks (28GW) 33GW F 175h Y <24 h Y

Seizure cases without GCD:

SzZ-2a Byears Byears F 10h Y Byears; intractable N

Controls with GCD:

C-1a 1day (37GW) 37GW F 14 h N N Y (focal DA, mostly compact)

C-2A,C-2B2 |  4weeks (27GW) 31GW M 32h N N Y

C-3a 3weeks (26GW) 29GW M 23 h N N Y

C-4a 3weeks 3weeks F 575h N N Y




C-14a 2mo (term) 8weeks F 20 h N N Y
C-162 10weeks (32GW) 2weeks M 11h N N Y
C-17a 23days (25GW) 28GW M 16.25h N N Y
C-18a Gyears Byears F 68 h N N Y
C-19a Gyears Byears M 15h N N Y
C-25a 17years 17years M 59 h N N Y

apased on microscopic evaluation of archived hippocampal sections
b case published in [14,2]; unused right hemisphere was obtained from SCH morgue and pathological studies were done by RPK on the right

hippocampus for the first time for this study



Supplementary Table 2: List of seizure patients and controls in published reports of GCD 2

Study Seizure Patients Non-Seizure Controls*
Comment
[References] Total Age Range GCD (%) Total Age Range | GCD (%)
Houser, 1990 [10] 15 (surgical) 18-46 years 11 (73.33%) | 6 (PM) 44-77 years | 0(0%) Both DA and TT subtypes included. Number of sections analyzed were ~20
per brain.
Lurton et al., 1997 [11] 17 (surgical) 11-37 years 8 (47.06%) 4 (PM) >37 years 0 (0%) Number of sections studied per patient not specified.
El Bahh et al., 1999 [6] 20 (surgical) | 27+ 8 years 9 (45%) 2 not specified | 0 (0%) 2 tumor resections were taken as controls (age: 48y, 69y). Number of
(surgical) sections studies was not specified.
Harding and Thom, 1 (PM) 2.5 years 1 2 (PM) 12-20 weeks | 2 (100%) | Bilateral GCD observed in an epileptic patient and 2 controls. Only study
2001 [9] that reported GCD in controls.
Thom et al., 2002 [18] 206 (surgical): | 15-58 years ~81% 6 (PM) not specified | 0 (0%) Only DA subtype was considered as “GCD” in this study. However, TT
183 (HS), 23 subtype was observed in 10.3% of patients. ~10 consecutive sections with
(TL lesion) 4mm interval were studied from both seizure and control samples
Thom et al., 2005 [17] 20 (surgical) 17-48 years 14 (70%) 5 (PM) 34-85years | 0(0%) -
Blumcke et al., 2007 [5] | 178 (surgical) | 38.4+ 13 79 (44.38%) | 8 (PM) 49+6.8 0 (0%) 10% neuronal loss was found within the first standard deviation of age-
years years matched control individuals.
Blumcke et al., 2009 [4] | 96 (surgical) | 38.2+13.5 49 (51.04%) | O - 11 “no-GCP” epilepsy cases were considered as “controls”.
years
Bae et al., 2010 [3] 26 (surgical) 16-43 years 20 (76.92%) | 0 - Number of sections studied per patient not specified.




Marucci et al., 2010 [12] | 14 (surgical) 19-54 years 7 (50%) 0 - - -

Abraham et al., 2011 [1] | 28 (surgical) 17-61 years 16 (57.14%) | 8 (3 PM, not specified | 0 (0%) 5 out of 8 “controls™ have temporal lobe tumors. Number of immuno-stained

5 surgical) sections studied varied from 3 to 9 per patient.

Freiman etal., 2011 [7] | 10 (surgical) | 31-50 years 4 (40%) 0 - - Intact portions (“compact”) of TLE GC layer were used as internal controls.

Number of sections studied per patient varied between 1 and 6.

a List comprises of studies that have used some variation of Blumcke et al. (2009) classification of GCD [4], like ours. Reports that used

exclusively the approach of averaging GC layer thickness to determine the existence of GCD were excluded from this list.
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