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Case Age | Sex CNS pathology mMs MS Post Mortem
duration | phenotype | Delay (Hours)
(years)
co1 35 M None - - 22
c0o2 78 F mild aging-related - - 33
changes
co3 60 F diffuse hypoxic - - 13
changes
co4 88 M aging-related changes - - 22
CO5 68 M aging-related changes - - 30
co6 84 M aging-related changes - - 5
CcOo7 68 M micro vascular - - 10
pathology
MS1 49 F MS 14 PPMS 24
MS2 44 M MS unknown SPMS 16
MS3 44 F MS 16 SPMS 18
Mms4” 45 F MS 6 RRMS 28
MS5 52 F MS 20 SPMS 7
MS6 88 F MS 30 PPMS 22
MS7 44 F MS unknown SPMS 9
MS8 57 F MS unknown SPMS 13
Ms9” 51 F MS unknown SPMS 10
MS10 35 F MS 5 SPMS 9
MS11 43 M MS 18 SPMS 26
MS12 42 M MS 27 PPMS 20

Table 1: Patients characteristics. CO=control case; MS=Multiple sclerosis case;
RRMS=relapsing-remitting MS; SPMS=secondary progressive MS; PPMS=primary
progressive MS.

* Normal appearing grey matter (NAGM), without cortical plaque (cerebellar sample only).
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Neocortex Cerebellar cortex
Tissue co |NAGM Act.lve Inac.tlve colNAGM Act.lve Inac'tlve
category Lesion| Lesion Lesion | Lesion
COo1 * *
CO2 *
CO3 *
*
CO4 * *
CO5 *
*
CO6 *
Cco7 *
MS1 * * *
MSZ * * * *
Mss * * * * *
* *
MS4 *
MSS * * * * *
MS6 * * *
MS7 * * *
MS8 * * *
*
MS9 *
*
MS10 * *
* *
*
MS11 * *
* *
MS12 * *

Table 2: List of tissue samples (marked by *) used in this study, showing their control or MS
case of origin and the tissue category they contained (CO=control tissue/case;
NAGM=normal appearing gray matter). Each line corresponds to a different neocortex or
cerebellar cortex tissue block.
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605 SUPPLEMENTARY MATERIAL
606
607  Model description

608  Neocortical pyramidal cell. We made the following minor modifications to the neocortical
609  pyramidal cell model 3 for the sake of simplicity: we approximated the AlS geometry to three
610 linear segments (that closely follow the AIS approximately piecewise linear decrease in
611  diameter), defined by the four following diameters along the AIS: d(lo) =5 pm, d(l1) = 2 um,
612  d(l2) = 1.7 um, and d(Is) = 1.6 um, with lo = 0 um (proximal end of the AIS), 11 = 0.55 lais, I2 =
613  0.95 lais, and Is = lais (distal end of the AlS).

614  The model includes a single Nav channel and several types of Kv channels with Hodgkin-
615  Huxley-like kinetics. The main parameters are as follows (please refer to 34 for additional
616  detail): Ena = 55 mV, gnav;pis = 60 pS/um? in dendrites and soma and gnaviNor = 2500 pS/pUm?
617  in nodes of Ranvier (intermodal distance: 60 pm). Three types of Kv channels describe (i) a
618  high-voltage-activated channel (“Kv”), (ii) a faster low-voltage activated Kv1-like channel
619 (“Kv1”), and (iii) a slowly-activating and non-inactivating M-type channel (“Km”). Ex = -85
620 mV. Peak conductances (identical for dendrites and soma) are: gkv:ois = 20 pS/Um?, gkvioss =
621 100 pS/um?, and gkm;prs = 5 pS/um?. In order to avoid hypotheses about the precise spatial
622  distribution of ion channels in the AIS, we distributed the identical number of ion channels as
623  inthe original model on the simplified AIS (cone + tube), with constant density along the AlS:
624  gnaviAls = 2917 pS/Um?, gkv;ais = 86 pS/Um?, gkvi:ais = 161 pS/um?, and gkm;ais = 6.3 pS/um2.
625 gkxNoR = Qkxals. A hyperpolarization-activated current is implemented by In channels
626  distributed in the soma and dendrites with an exponential increase in density with distance from
627  the soma. The passive electrical properties of the reconstructed cell were set as follows: Cm =
628 0.9 uF/cm?, Ri =100 Qcm, and Rm = 15 kQcm?.

629  Purkinje cell. In the Purkinje cell model 2, the geometry of the AIS is not based on a
630  morphological reconstruction but represented by a single segment of constant diameter. We did
631 the following minor modifications to the AIS geometry: while keeping the original AlS length
632 (21 pm), we changed the AIS diameter (to 1.94 um) to accommodate for a larger fraction of
633  Nav channels at the AIS.

634 The model contains Na*, K*, and Ca?** conductances with several subtypes for Kv, Ca-
635  dependent potassium (Kca), and calcium (Ca) channels based on Markovian or Hodgkin-

636  Huxley-like dynamics ?°. It furthermore contains a mixed cationic channel (HCN1) as well as
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637  explicit dynamics for the internal calcium buffer 2°. The model for the Nav channel is based on
638 a Markovian state dynamics and accounts for transient, persistent and resurgent Na*-current
639  components 4. Ena =75 mV. We kept the same total number of Nav channels as in the original
640  model but distributed them slightly differently to reduce the ratio of somatic to AIS Nav channel
641  density. Peak conductances were: gnav;p = 160 pS/um? in dendrites, gnav;s = 1861 pS/um? in the
642  soma and gnavais = 8095 pS/um? in the AIS (gNav;s/gnav;als ~ 0.23 as opposed to ~0.43 in the
643  original model); gnav;nor = 300 pS/um? in nodes of Ranvier (internodal distance: 100 pm). We
644  furthermore distributed the AIS Kv channels homogenously along the AIS while keeping the
645  average channel density at the AIS constant, leading to gnavais = 3948 pS/Um?, gkvi.uals = 12
646  pS/um?, and gkvs.4ais = 49 pS/um?. All other parameters were unchanged. Passive electrical
647  properties were set as follows: Cm = 0.77 uF/cm?, Ri = 122 Qcm, and Rm = 0.91 kQcm?. For all
648  other parameters, please refer to 2°.

649
650  Simulation protocols

651  Modification of AIS morphology. We systematically varied the soma-AlS gap and AIS channel
652  densities as follows. To mimic a finite soma-AlS gap, of length lgap, we set channel densities
653  along this soma-AlS gap to their somatic values and accordingly extended the AIS distally at

654  constant diameter on a length lqgap to preserve the total AlS length.

655  Myelination and demyelination (pyramidal cell). Kole et al. originally mimicked myelination
656 by reducing Cm to 0.02 pF/cm? along the internodal sections®. Since effective channel
657  conductances might have to reflect the high resistance imposed by a myelin sheath, we decided
658  toadditionally suppress ion channels in myelinated internodes (setting peak conductance values
659 to zero). Conversely, demyelination was mimicked by restoring the internodal membrane
660  capacitance to the default value Cm = 0.9 uF/cm? and by setting channel peak conductances to
661  finite values that were determined as follows. Based on the observation that ion channels are
662  redistributed in the membrane of axons upon disorganized nodes of Ranvier in demyelinated
663  MS lesions 1911 we considered peak conductances of demyelinated internodes and within the
664  nodes to be given by the approximate mean value of the respective somatic and node peak
665  conductances: gnavidem = 106 pS/HM?, gkvidem = 41 pS/UM?, gkvi; dem = 22 PS/KUM?, and gkm; dem
666 =5.5pS/um2.
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667  Myelination and demyelination (Purkinje cell). In line with the original model, we mimicked
668  myelination by a vanishing Cm and vanishing ionic conductances along the internode. In our
669  study, we mimicked demyelination by restoring the internodal membrane capacitance to the
670  default value Cm = 0.77 pF/cm?. We furthermore reduced channel concentrations within the
671  nodes to the average densities between internodes and nodes in myelinated conditions. For Nav,

672  we thus obtained gnav;dem = 13 pS/um?.

673  Determination of the voltage threshold. Because we were mainly interested in the impact of
674  AIS morphological parameters on the voltage threshold, the procedure used to determine a
675 voltage threshold Vi for APs recorded in the soma is the following: whenever the time
676  derivative of the somatic voltage dV(t)/dt crosses a fixed threshold c, the voltage threshold is
677  given by the somatic potential at the time tc of threshold crossing, Vinr = V(tc). In the case of
678  multiple threshold crossings, Vinr did not vary between APs. While the absolute values of Vinr
679  depend slightly on the choice of c, the relative variation does not, nor did the number of

680 threshold crossings within a reasonable range. Throughout this study, we used ¢ = 20 mV/ms.

681  Current injection. To elicit stationary firing in the pyramidal cell, a constant current of 0.9 nA
682  was injected in the soma during the simulation. The Purkinje cell was spontaneously active,

683  thus no current was injected.
684  Supplementary Figure Legends:
685  Supplementary Fig. 1: Characterization of Cortical MS lesions

686  PLP immunolabeling and LFB staining combined with MHC immunolabeling of (A) a control
687  section (B) a NAGM section (C) an active lesion section (D) an inactive lesion. Higher
688  magnification of the selected regions from PLP (indicated by the black frames) and LFB &
689 MHC (indicated by the red frames) are presented. Further magnification of the selected sub-
690 regions from these frames, indicated by the green and purple frames for PLP and LFB & MHC
691 labelings’ respectively are also presented for better visualization. Arrowheads show the “stripe-
692  like” myelin fibers labeled with PLP in control and NAGM panels and dashed lines represent
693  the lesion borders in active and inactive lesion panels. Scale bars: 5000um for mosaic images
694  and 500um for zoomed images.
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Supplementary Fig. 2: Characterization of Cerebellar MS lesions

PLP and LFB & MHC labeling of (A) a control section (B) a NAGM section (C) an active
lesion section (D) an inactive lesion section is presented. Higher magnification of the selected
regions from PLP (indicated by the black frames) and LFB & MHC (indicated by the red
frames) are presented. Further magnification of the selected sub-regions from these frames,
indicated by the green and purple frames for PLP and LFB & MHC labelings’ respectively are
also presented for better visualization. Arrowheads show the “stripe-like” myelin fibers labeled
with PLP in control and NAGM panels, arrows show the remaining myelinated white matter
tracts in almost fully demyelinated selected regions, dashed line represent the lesion border in
the active lesion panel while no border is represented for inactive lesion panel as the selected
area is fully demyelinated. Scale bars: 5000um for mosaic images and 500um for zoomed

images.
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723  Abbreviated Summary

724  Dilsizoglu Senol et al. highlight the importance of axon initial segment in multiple sclerosis by
725  demonstrating its shift from the soma in both neocortex and cerebellum of multiple sclerosis
726  cases having active and/or inactive grey matter lesions and by showing evidence that this

727  change could affect neuronal function.
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742

743
744
745

746
747


https://doi.org/10.1101/2022.03.07.483302
http://creativecommons.org/licenses/by-nc-nd/4.0/

